
Original Article

Acta Radiologica Open
12(6) 1–8
© The Author(s) 2023
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/20584601231183131
journals.sagepub.com/home/arr

Assessing the impact and resource
implications of contrast-enhanced
ultrasound on workflow of patients with
incidental focal liver lesions on the UK
national health service

Megan O’Brien1, Louisa Oliver1, Nick Proctor1, Maro Siakantari1, Peter Cantin2,
Colin P. Griffin3 and Ben Stenberg4

Abstract

Background: Focal liver lesions (FLL) are abnormal growths that require timely identification. Contrast-enhanced ul-
trasound (CEUS) is a cost-effective imaging modality for characterising FLL with similar sensitivity to computed tomography
(CT) and magnetic resonance imaging (MRI). Despite being recommended by NICE, its adoption within the national health
service (NHS) is limited due to low clinical demand, limited referral, and lack of knowledge.

Purpose: To evaluate the impact of CEUS on patients with incidental FLL and assess the resource implications of in-
troducing CEUS as a diagnostic service within the NHS.

Material and methods: A patient flow review and cost-minimisation analysis were conducted. This involved a targeted
literature review, NHS Trust stakeholder consultations, and development of a Microsoft Excel cost-minimisation model to
explore potential value of CEUS use versus CT andMRI by episode. A scenario analysis of the base-case explored increasing
CEUS use to 50% and 90%. A sensitivity analysis was performed to assess how changes in assumptions impacted the model
and the resulting cost estimates.

Results: The model, comparing a world with and without CEUS, showed that current use (base-case: 5%) resulted in cost
savings of £224,790/year. The sensitivity analysis indicated that regardless of changes to the assumptions, CEUS still resulted
in cost savings to the NHS. By increasing CEUS use to 50% and 90%, cost savings of up to £2,247,894/year and £4,046,208/
year could be achieved, respectively.

Conclusion: By standardising CEUS use for characterising FLL, substantial cost savings could be realised, whilst reducing
wait times and expanding diagnostic capacity, thus preserving limited CT and MRI capacity for high-priority cases.
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Introduction

Focal liver lesions (FLL) are discrete abnormal growths
that include cystic and solid abnormalities.1 These can
often be found incidentally during imaging for other
purposes, for example, work up for abdominal pain or
during surveillance for liver metastases in patients with
extrahepatic cancer (e.g. breast cancer).2 FLLs can be
benign or malignant, and require timely identification and
characterisation to facilitate treatment.3 However, with a
lack of clear pathway for workup, multiple imaging
modalities may be needed for characterisation.2 Typical
imaging methods include, but are not limited to, ultra-
sound (US) for detection with computed tomography
(CT), and magnetic resonance imaging (MRI) for follow-
up characterisation.4 Alongside the absence of a clear
pathway, the United Kingdom (UK) National Health
Service (NHS) is facing resource pressures resulting in
staffing issues, backlogs, and extended waitlists, in-
cluding referrals from primary care.5,6

Contrast-enhanced ultrasound (CEUS) is another im-
aging modality for characterising FLL with similar
sensitivity to CT and MRI,7 and has shown a high di-
agnostic accuracy in differentiating between malignant
and benign FLLs that were undetermined at the initial
CT.8 CEUS is therefore recommended by the National
Institute of Health and Care Excellence (NICE) where an
unenhanced US is inconclusive.13 Despite being cost-
effective, with potential to increase imaging capacity and
reduce radiation exposure,9 there has been a lack of in-
vestment in service development and adoption within the
NHS. This has led to low clinical demand, limited re-
ferral, and a lack of knowledge and training in performing
CEUS.10

The recent transition from Clinical Commissioning
Groups (CCGs) to Integrated Care Systems (ICSs) in the
NHS may provide an opportunity to further increase the
value of a CEUS service. The structural changes have
shifted budget allocation for providers: the national tariff
system with reimbursement in a fee-for-service manner has
evolved to block contract payments where the services
provided can be managed at the hospital level and any
surplus budget can be reinvested.11

The objective of the research was to assess the impact of
CEUS on the workflow of patients with incidental FLL and
understand the resource impact of introducing CEUS at
various levels as a diagnostic service within the NHS.

Materials and methods

A patient flow review and cost-minimisation analysis were
conducted which followed three key stages, described
below.

Targeted literature review

A targeted literature review was conducted to supplement
the NICE guidelines and understand the patient flow for
incidental FLL. The review aimed to establish the pro-
portion of patients receiving each imaging modality, the
management and, resources and costs associated with
CEUS versus CT and MRI.

The literature review captured information published in
MEDLINE via the freely available PubMed search engine.
The search strategy is presented in Table 1.

The inclusion and exclusion criteria, used for the
screening of the identified publications in the literature
review, were based on a modified version of the PICOS
framework (population, intervention, comparator, out-
comes, study design) (Table 2). In this review, CT and MRI
were included in the intervention criteria as the entire patient
flow regardless of whether imaging modality was of in-
terest. Therefore, the use of a comparator was not relevant.

The titles and abstracts retrieved from the PubMed
search were screened based on the predefined criteria. Full-
text articles were obtained for studies that met the inclusion
criteria or for those where exclusion could not be determined
solely based on information provided in the abstract. Single
screening was carried out to determine their eligibility based
on the predefined inclusion/exclusion criteria. At each stage,
a quality-control checkwas conducted by a second researcher
who randomly selected and evaluated 20% articles.

Once the final list of included studies was determined,
the data were extracted in predefined tables to address the
research questions.

Engagement with NHS trust stakeholders

The aim of this engagement was to validate the flow of patients
with incidentally detected FLL, identified from the literature re-
view, with NHS hospital trusts. Any differences in inputs specific
to the trust and sensitivities related to the flowwere also explored.

Three consultant sonographers from three different
University Trusts across the UK (North-East, North-West,
and South-West) with varying usage of CEUS (two trusts
had low and one trust had moderate CEUS use) were in-
terviewed individually for 30 min each.

A semi-structured engagement guide was developed to
aid discussion on current CEUS use, data availability, and
trust requirements for increasing CEUS use.

A first draft of the patient flow and model structure was
developed using data from the literature review and initial
insights from the stakeholders. A 1-h web-assisted
telephone interview took place with each of the three
consultant sonographers to validate the model, including:
patient flow and structure, prevalence of FLL, propor-
tions of patients sent to each imaging modality, as well as
sensitivities around the choice of imaging modality used
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for both first-line and second-line characterisation.
Amendments to the model structure were made based on
their input.

Development of cost-minimisation model

A Microsoft Excel based cost-minimisation model was
developed to explore the use of imaging modalities by
episode and demonstrate the potential value of CEUS use.

The model included multiple lines of patient manage-
ment and followed patient episodes from initial detection of
an FLL, with characterisation by different imaging mo-
dalities (CEUS, CT, and MRI) until completion of the
imaging phase. To assess the impact of the different mo-
dalities, national tariffs (as of November 2022) (Appendix
A) were used.12 The model was constructed to capture
episodes or events rather than the full patient journey to
prevent the influence of confounding non-imaging factors
such as patient surveillance and biopsy.

The base case was developed to align with approximate
current use of CEUS. A sensitivity analysis of the key
assumptions was performed to understand the sensitivities
of the model and the associated impact on the differential
costs.

A scenario analysis was conducted by increasing the use
of CEUS to examine whether additional cost savings could
be recognised. Two scenarios were analysed: 50% and 90%
CEUS use.

Results

Literature review

A total of 101 publications were captured based on the
search strategy. Following abstract and full-text screening,
26 publications were included (Figure 1).

Few publications describe the prevalence of FLL; one
review by Boutros et al. (2010) reported that clinically

Table 1. Search strategy.

No Criteria Search terms Hits

1 Population ((Incidental) AND (Focal liver lesions) AND (Adults)) OR ((incidental) AND (Focal hepatic lesions)
AND (Adults)) OR ((incidental) AND (FLL) AND (Adults))

199

2 Intervention ((CEUS) OR (contrast-enhanced ultrasound)) OR ((Ultrasound) OR (US)) OR ((Magnetic resonance
imaging) OR (MRI)) OR ((CT) OR (Computerized tomography))

3,408,540

3 Outcomes ((Hospitalisation) OR (Management) OR (Incidence) OR (Patient Pathway) OR (Cost) OR (Patient
Workflow) OR (Workflow) OR (Prevalence) OR (Burden) OR (cost-effectiveness) OR (budget
impact) OR (resource utilisation) OR (Wait time) OR (Physician time) or (Radiologist time) OR
(Sonographer time) OR (Delayed diagnosis) OR (Missed diagnosis))

11,614,026

Total 1 AND 2 AND 3 101

Table 2. Inclusion and exclusion criteria.

Criteria Inclusion Exclusion

Population - Adult patients with incidental focal liver lesions
o Patients with non-risk factors
o Patients with high risk factors, including cirrhosis and
extrahepatic cancer

- Paediatric/adolescent (<18 years old) patients
- Patients with non-incidental focal liver lesions

Intervention - Patients receiving CEUS
- Patients receiving other imaging procedures (MRI/CT)

- Other imaging procedures not stated, including
PET

- Direct biopsy for characterisation
Comparator Not applicable Not applicable
Outcomes - Prevalence

- Incidence
- Management (presentation, examination details, wait time and staff

time)
- Hospitalisation
- Costs

- Efficacy
- Safety

Study design - RCTs, single-arm, observational and registry studies
- SLRs and budget impact/cost-effectiveness models

- Non-English language publications
- Case studies or letters
- Animal or in vitro studies

CEUS: Contrast-enhanced Ultrasound; CT: Computed tomography; Magnetic Resonance Imaging; PET: Positron emission tomography; RCT: Randomised
controlled trial; SLR: Systematic literature review; US: Ultrasound.
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apparent lesions can be detected in up to 33% of abdominal or
liver adjacent procedures,13 although the management of FLL
has evolved since this time period. All other publications
captured were institutional studies characterising liver lesions
incidentally detected by ultrasound. Further to this, only one
retrospective study by Alizadeh et al. (2021) reported the
proportion of patients receiving different imaging modalities
for FLL characterisation with 62% receiving CT, 35% another
ultrasound, and 3% undergoing MRI;14 however, as this was a
small study in Iran (n = 66), the results may not be transferable
to the UK without further verification. The remaining publi-
cations characterised the lesions based on one imaging method
or did not segment results by modality.

Several publications described the proportion of lesions
identified as benign or malignant and whether further ex-
aminations were required for classification. A prospective
study by Smajerova et al. (2016) assessing FLL with CEUS
found 59.1% of cases were benign, 29.8% were malignant,
and 11.1%were inconclusive, requiring follow-up with CTor
MRI.15 Two other observational studies with smaller sample
sizes (n = 117 and n = 142) reported higher rates of additional
imaging following CEUS with CT or MRI, ranging from
29.8% up to 38.5%.16,17

Streb et al. (2019) reported significantly reduced time for
completion of outpatient examinations with CEUS
(5.2 days) versus CT and MRI (52.3 and 123.5 days, re-
spectively; p < 0.01). CEUS also had a high percentage of
same-day examination with the initial US (78.4%).17

However, no publications described the total timing fol-
lowing an inconclusive result or the timing between

diagnosis and characterisation, including time for report
development, between imaging modalities.

Several publications have demonstrated that using CEUS
is a cost-effective approach that results in cost savings
compared to CT and MRI.7,15,18–20 Smajerova et al. (2016)
found that using CEUS generated cost savings of
$3013 versus CT and $308,352 versus MRI from a hospital
perspective.15 There is a lack of literature examining the
healthcare utilisation, including hospitalisation, staff time,
and other resources for CEUS and other imaging modalities.

The absence of literature on patient flow, particularly recent
publications reflecting current management, resulted in ex-
amination of supplementary grey literature, including NICE
guidelines and NHS data on hospital outpatient activity. Ac-
cording to hospital episode statistics (HES) data (2018–19;
note this period was used to represent full NHS diagnostic
capacity due to reduced services during the COVID-19 pan-
demic), the number of radiological examinations showing the
liver were: 579,363 with CT, 606,066 with MRI, and
1,110,972withUS21 andNICEoutline that between 70 and 75%
of FLLs assessed are benign.3 Note the HES data only provide
data on episodes rather than the number of patients. The full list
of procedures included can be found in Appendix B.

Validation with stakeholders

The literature review enabled draft development of a patient
flow incorporating four key stages for the characterisation of
incidental FLLs, following episodes of diagnostic imaging

Figure 1. PRISMA diagram. I: Intervention; O: Outcome; P: Population; S: Study design.
Of the 26 publications included: n = 18 reported on the proportion of patients receiving CEUS or other imagingmodalities, n= 12 outlined
the management of patients during or following characterisation, and n = 11 reported on costs associated with the imaging modalities.
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(Figure 2), which was validated with NHS Trust
stakeholders.

The first step in the patient flow varied by NHS Trust due
to differing patient numbers; therefore, total NHS data based
on the HES statistics was used in the base case.21

For the ‘detection of incidental FLL’ step, the stake-
holders advised that although FLL may be detected in 33%
of radiological exams showing the liver, only 5% would
require further examination. This is due to the majority of
FLL identified being simple cysts that can be characterised
immediately by the detection modality.

The proportion receiving each modality in the ‘charac-
terisation of FLL’ was not considered to be representative
due to low current usage of CEUS (≤5%–30%, with varying
use by Trust). Stakeholders also described that CT and MRI
would typically be performed with contrast, and if malignancy
is detected, further imaging may be required to investigate the
primary liver tumour in the case of liver metastases.

For the final step of ‘second-line characterisation’,
stakeholders provided additional clinical context, where
conclusive results are available in up to 90% of benign
lesions with CEUS. Further imaging in 10% of cases occur
with CT and MRI and the same situation can occur with CT
and MRI as the first exam.

Model outputs

The model was developed to compare a world without
CEUS use compared to a world with CEUS. The base case
assumed CEUS use in 5% of cases to characterise FLL,
aligned with current usage. This was equivalent to 5891 out
of 117,830 patient episodes. This resulted in cost savings of
£224,790 per year to the NHS (Figure 4).

Sensitivity analysis. Sensitivity analyses of the base case were
carried out to examine the impact of key assumptions made
for the model (Figure 3). The analysis showed that re-
gardless of the changes made, CEUS still resulted in cost
savings to the NHS if used in only 5% of cases (Table 3).

The assumption of examining with CT and MRI without
contrast had the greatest impact on cost savings, reducing
them from £224,790 to £23,565; however, this scenario was
deemed unlikely unless patients were considered at risk of
adverse reaction to contrast media.

A positive impact on cost savings identified from the
sensitivity analysis was the prevalence of FLL of which
would require characterisation. If this number was similar to
that identified from the literature, cost savings with CEUS in
5% of cases could be £1,483,610.

Scenario analysis. The scenario analysis explored the impact of
increasing CEUS use (Figure 4). In scenario 1, first-line
characterisation using CEUS was adjusted to 50%
(58,915 out of 117,830 episodes), leading to a cost saving of
£2,247,894 per year.

In scenario 2, standardising CEUS use for characterising
FLL, with use of 90% (106,047 out of 117,830 episodes)
demonstrated that cost savings of £4,046,208 per year could
be achieved. A 90% cap was used assuming 10% of cases
may be high-risk thus requiring initial characterisation with
CT or MRI rather than CEUS.

Discussion

The outputs of the cost-minimisation model demonstrate
that there is an opportunity to support the NHS in improving
diagnostic services as aligned to the Long-Term Plan. The

Figure 2. The final patient flow. aBenign lesions allowing for diagnosis; bInconclusive or suspected malignancy warranting further
investigation; cConclusive and inconclusive characterization with CT and MRI could represent benign or malignant lesions; dImaging
complete represents completion of the imaging phase of diagnosis and may be followed by surveillance, biopsy, or treatment, although
these are not captured by the model. 2 L: Second-line; CEUS: Contrast-enhanced Ultrasound; CT: Computed tomography; FLL: Focal
liver lesion; Magnetic Resonance Imaging.
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first being through cost savings to the NHS that could be
generated by standardising CEUS use (in 90% of cases) for
the first-line characterisation of FLL. Alongside cost sav-
ings, by adopting CEUS, NHS capacity can be improved by
freeing up to 57,802 CT or 34,881 MRI appointments. This
equates to 7.6% of CT appointments and 3.6% of MRI
appointments. Furthermore, due to low set up costs of
CEUS and short test time, diagnostic capacity could be
expanded, thereby ensuring appointments for CT and MRI
are reserved for the most severe and life-threatening cases,
as well as supporting follow-up care with guidance of bi-
opsies. An opportunity for implementation would be the
incorporation of CEUS into diagnostic centres which would
not only increase hospital capacity, but also support tran-
sitioning from diagnostic services from secondary and

tertiary care to community care, while still preserve tertiary
services for high-risk patients. An important consideration
for implementation in the community setting, with limited
medical teams, is the increasing sensitivities to contrast
requiring emergency treatment and the limitation of CEUS
where it can be difficult to characterise small lesions in the
upper part of the right liver lobe, that is, segment 8 in some
patients. Therefore, patients should be identified and re-
ferred appropriately according to risk and location of lesion.

Current demand for diagnostic services is outstripping
capacity and is a major contributor to NHS funding
pressures.22 This is reflected by high wait lists with
1,593,000 patients waiting to receive a diagnostic service
and up to 30.5% waiting 6+ weeks.23 CEUS provides an
opportunity to reduce wait lists and time to testing,

Figure 3. Overview of scenarios explored in the sensitivity analysis. 2 L: Second-line; CEUS: Contrast-enhanced Ultrasound; CT:
Computed tomography; FLL: Focal liver lesion; Magnetic Resonance Imaging; US: Ultrasound.

Table 3. Outputs of the sensitivity analysis.

Sensitivity analysis
World without
CEUS

World with
CEUS

Differential cost
saving

1 Further characterisation in 33% of radiological exams showing the livera £108,812,290 £107,328,680 £1,483,610
2 CT and MRI without contrastb £12,462,242 £12,438,676 £23,565
3 Inconclusive results in 30% of cases with CEUSc £16,486,710 £16,412,330 £74,379
4 CEUS is not used for 2 L characterisationd £16,484,943 £16,260,153 £224,789

Base case assumptions:
a5% prevalence was assumed in the model.
bCT and MRI with contrast was assumed.
cInconclusive results in 10% of cases was assumed.
dCEUS for 2 L characterisation was assumed in 5% of cases.
Pink represents a lower cost saving whereas green shows a high cost saving with CEUS. 2 L: Second-line; CEUS: Contrast-enhanced Ultrasound; CT:
Computed tomography; FLL: Focal liver lesion; Magnetic Resonance Imaging.
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particularly as CEUS can be integrated as part of the
initial ultrasound session when an FLL is first detected,
saving time for referral and reporting. This aligns to
author’s conclusions from Streb et al. (2019) where
78.4% of examinations with CEUS were performed the
same day as the initial examination by ultrasound, thus
avoiding delays incumbent with scheduling follow-up
appointments.17 Examinations with CT and MRI are
associated with time to test of 5 and 22 days, and time to
report of 1 and 3 days, respectively,24 although it should
be noted these are averages with wide margins contrib-
uting to the high waiting lists. By using CEUS which is
associated with short lead times, reduced referrals and
immediate results, patient anxiety could be reduced. This
is also supported by author conclusions from Choi et al.
(2016), a retrospective study in South Korea, where
patient anxiety could be minimised with reduced un-
necessary follow-up25.

The strength of this analysis was the design ensuring
representation of the NHS across the UK. This involved
incorporating NHS Trust stakeholders across different re-
gions ensuring that regional differences in patient man-
agement were captured. The second element contributing to
the representative design was incorporating both low and
active users of CEUS to consider varying perspectives and
allow for greater sensitivity of the model. There are however
weaknesses due to the logistical challenges in accessing
patient-level data, leading to reliance on published litera-
ture, NHS data, and expert opinions for validation. How-
ever, this is commonly recognised for economic
evaluations, with NICE methods acknowledging that
decision-making should proceed despite weaknesses in the
evidence base, provided the highest level of evidence
generation has been included.26 Regardless, a prospective
study to capture patient-level data is recommended to im-
prove rigour, expand the results, and assess the potential for
adopting a CEUS service in specific NHS Trusts using
tailored data. Another limitation was that all stakeholders
were from university hospitals, which could have biased the

results towards more challenging cases that require initial
examination with CT or MRI due to inherent risk factors,
meaning results may differ for district general hospitals.
Despite these limitations, similar findings are expected in
terms of directional cost savings that can be achieved with
increasing CEUS use. This is supported by the sensitivity
analysis on the core assumptions that showed cost savings
could still be realised. Other analyses such as assessing risk
factors for malignancy and resource availability, could
further understand the impact on resource savings. Al-
though the model only examined the flow of patient epi-
sodes, integrating these aspects in the future could provide a
better understanding of the full patient pathway.

In conclusion, this patient flow review and cost-
minimisation analysis demonstrated substantial resource
savings when increasing the use of CEUS for the first-line
characterisation of FLL compared to traditional approaches
of CT and MRI. These results further support current NICE
guidance recommending CEUS as a cost-effective option,
whereby CEUS could be included in the diagnostic pathway
as an option to preserve the use of limited CT and MRI
capacity for higher priority cases. Furthermore, by intro-
ducing a standardised pathway using CEUS to increase
diagnostic imaging capacity, this can deliver cost savings
and improve the critical economic situation of the NHS,
whilst reducing wait times and patient anxiety without
compromising diagnostic quality.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: Access Infinity received budgetary compensation from
Bracco who market SonoVue® for the conduct of the analysis and
writing of this publication.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
study was funded by Bracco.

Figure 4. Scenario analysis of CEUS use to characterise FLL.

O’Brien et al. 7



ORCID iD

Louisa Oliver  https://orcid.org/0009-0000-7137-0939

Supplemental Material

Supplemental material for this article is available online.

References

1. Cleveland Clinic. Liver lesions [Internet], 2021. Available
from: https://my.clevelandclinic.org/health/diseases/14628-
liver-lesions

2. Algarni AA, Alshuhri AH, Alonazi MM, et al. Focal liver
lesions found incidentally. World J Hepatol 2016; 8(9): 446.

3. NICE. SonoVue (sulphur hexafluoride microbubbles) –

contrast agent for contrast-enhanced ultrasound imaging of
the liver [Internet]. Available from: https://www.nice.org.uk/
guidance/dg5/resources/sonovue-sulphur-hexafluoride-
microbubbles-contrast-agent-for-contrastenhanced-ultrasound-
imaging-of-the-liver-pdf-29273981893

4. Marin D, Furlan A, Federle MP, et al. Imaging approach for
evaluation of focal liver lesions. Clin Gastroenterol Hepatol
2009; 7(6): 624–634.

5. BMA. NHS diagnostics data analysis [Internet], 2022.
Available from https://www.bma.org.uk/advice-and-support/
nhs-delivery-and-workforce/pressures/nhs-diagnostics-data-
analysis

6. BMA. An NHS under pressure [Internet], 2022. Available
from: https://www.bma.org.uk/advice-and-support/nhs-
delivery-and-workforce/pressures/an-nhs-under-pressure

7. Westwood M, Joore M, Grutters J, et al. Contrast-enhanced
ultrasound using SonoVue® (sulphur hexafluoride micro-
bubbles) compared with contrast-enhanced computed to-
mography and contrast-enhanced magnetic resonance
imaging for the characterisation of focal liver lesions and
detection of liver metastases: a systematic review and cost-
effectiveness analysis. Health Technol Assess. 2013; 17(16).
Available from: https://www.journalslibrary.nihr.ac.uk/hta/
hta17160/

8. Sandrose S, Karstrup S, Gerke O, et al. Contrast enhanced
ultrasound in CT-undetermined focal liver lesions. Ultrasound
Int Open 2017; 02(04): E129–E135.

9. Di SerafinoM, Iacobellis F, Schillirò ML, et al. The technique
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