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Abstract

Background: Clinical and patient-reported outcomes are positively affected when efforts to increase patient under-
standing of underlying diseases and foster patient participation are part of care pathways. The prevalence of liver dis-
eases is increasing globally, and successful communication of results from liver diagnostic tests will be important for
physicians to ensure patient engagement and encourage adherence to lifestyle changes and therapy. Here, we aimed
to explore the impact of non-invasive liver tests on patient experience and patient comprehension of liver disease in
chronic liver disease diagnostic pathways typically managed with liver biopsies.

Results: 101 participants diagnosed with a range of liver disease aetiologies (90 patients, 11 caregivers) underwent a
multiparametric magnetic resonance imaging (MRI) test. A subset of 33 participants was subjected to transient elas-
tography (TE) with FibroScan® in addition to multiparametric MRI. MRI results were analysed using LiverMultiScan™.
Participants received results on their liver-health status followed by a semi-structured interview to assess the scan
procedure experience, comprehension of the results, and experiences of liver disease. A subset of participants (N=15)
was also engaged in the design, execution, and thematic analysis of the interview transcripts of the study. Analysis of
semi-structured interviews revealed: (1) Presentation and discussion of the LiverMultiScan visual report by a physician
was an effective contributor to better patient experience and increased comprehension of liver disease. (2) Patients
demonstrated preference for non-invasive tests over biopsy for management of liver disease. (3) Patients reported
positive experiences with the MRI test during the path for liver disease management.

Conclusions: Patients presented with visual reports of liver test results developed increased understanding of liver
disease care which may have contributed to an overall more positive experience. Patients reported that clinical infor-
mation obtained through non-invasive methods and transmitted through visual reports contributed to clarity, under-
standing and overall increased satisfaction. We conclude that a shift toward non-invasive testing and visual reporting
of clinical information (e.g. picture of liver with visual scale) when possible are likely to contribute to improved physi-
cian engagement with patients and lead to better outcomes in the management of chronic liver diseases.

Plain English summary: Evidence suggests that patient experience and understanding can affect several aspects of
clinical care and patient well-being. In this study, 101 patients and patient caregivers affected by liver diseases were
recruited to determine how patient experiences of liver disease were affected with the introduction of non-invasive
evaluation of the liver with an MRI or ultrasound-based elastography. All 101 participants received an MRI followed

by a LiverMultiScan report. 33 participants received an additional FibroScan and report. Following the reports,
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experience.

Patient support

participants were interviewed and asked to reflect on factors which affected their experience of the procedure
and the understanding of their results. We focused on factors related to the layout of the standardised report and
the delivery of its results. The interviews were transcribed and analysed for common themes and patterns. Patients
and patient advocacy groups were involved in the design and conduct of the study, and analysis of the interview
transcripts. Here, we report the perception of patients and patient caregivers on the quality of care and diagnostic

Trial registration ClinicalTrials.gov identifier—NCT02877602.
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Background

Chronic liver diseases represent a growing public health
problem. Increased prevalence of liver diseases has been
fuelled by increasing prevalence of obesity and related
metabolic disorders, alcohol use, and viral hepatitis [1, 2].
Mortality rates from liver-related conditions have risen
400% in the UK since 1970 [3]. According to the Insti-
tute of Health Metrics and Evaluation [1], the contribu-
tion of liver cirrhosis to the proportion of total Disability
Adjusted Life Years (DALYs) lost each year in the UK has
more than doubled between 1990 and 2010, and contin-
ues to grow at an annualised rate of over 2%, amongst
the fastest of any condition. Hepatocellular carcinoma
(HCC), which shares risk factors with other liver dis-
eases, has also been rising [4]. Consequently, liver disease
and liver-related conditions are increasingly important
for health systems. Key to reducing the burden of poor
liver health is early diagnosis. Widespread implementa-
tion of early diagnosis will be necessary to aid prevention
of advanced and disabling forms of liver conditions, and
to minimize individual and societal costs [5].

Currently, liver biopsy is considered the ‘gold-stand-
ard’ for diagnosis of parenchymal liver diseases. How-
ever, the liver biopsy is an invasive diagnostic modality
involving significant health risks and patient discomfort
[6]. Liver biopsies are expensive procedures that gener-
ate significant healthcare costs secondary to inpatient
procedures, in-hospital recovery time and biopsy-related
complications. Finally, liver biopsy precision suffers from
significant sampling and inter-observer variability in the
interpretation of results [7-9]. Thus, there is a clear need
for accurate and precise non-invasive liver diagnostic
methods.

Non-invasive tests used to evaluate liver health can be
divided in blood-based and imaging-based methods [10].
Blood-based tests are typically used to exclude advanced
disease and/or trigger referral to more advanced testing
or specialist liver clinics [11]. Imaging methods based
on ultrasound (US) and magnetic resonance imaging
(MRI) are becoming increasingly common and have the
potential to replace the liver biopsy as the diagnostic

gold-standard to monitor parenchymal liver disease at
the population level [12, 13]. However, the effect of non-
invasive imaging tests on patient-reported outcomes
during liver disease clinical pathways remains relatively
unexplored. The goal of the present study was to evaluate
the impact on patient experience of the introduction of
ultrasound-based TE with FibroScan or multiparametric
MRI with LiverMultiScan on the diagnostic pathways of
parenchymal liver diseases.

TE is a point of care technique that uses a special probe
to measure the propagation of shearwaves through the
liver to estimate a liver stiffness measure (LSM) that cor-
relates with liver fibrosis [14]. Kan et al. reported that TE
was preferred over biopsy by over 95% of respondents
of a survey of patients that underwent TE at a Canadian
hospital [15]. Importantly, patient preferences were inde-
pendent of previous experience of a liver biopsy and a
large fraction of patients were willing to self-pay for the
TE test to avoid a liver biopsy. A qualitative study on the
impact of TE on screening and diagnosis at the primary
care level revealed that patients’ experiences were posi-
tive and that the explanation of the test results appeared
to increase motivation for lifestyle changes to decrease
the risk of liver disease [16].

LiverMultiScan is a multi-parametric MRI diagnostic
tool that allows assessment of fat, iron and fibro-inflam-
mation [13]. The LiverMultiScan cT1 score reflects fibro-
inflammation and has demonstrated predictive value in
non-alcoholic steatohepatitis (NASH) disease progres-
sion, autoimmune hepatitis disease activity, and ability to
monitor responses to treatment in patients with hepatitis
C [17-20]. Recently, the LiverMultiScan cT1 score has
been recommended for the evaluation of patients at risk
of non-alcoholic fatty liver disease (NAFLD) as part of a
pathway that includes multiparametric MRI [21]. In addi-
tion to addressing the patient discomfort occasioned by
the liver biopsy, cost-analysis has demonstrated that non-
invasive diagnostic modalities, including LiverMultiScan,
are cost-effective in comparison to the standard diagnos-
tic pathways for liver diseases [22]. The LiverMultiScan
report includes images of the liver with an embedded
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red-green colour scale that depicts variation in cT1 val-
ues across the liver parenchyma. cT1 values under the
upper limit of normal are depicted toward green and cT1
values above the upper limit of normal, which correlate
with fibroinflammation, toward the red end of the col-
our scale [23]. Currently, there are no published studies
evaluating the impact on patient-reported outcomes of
including LiverMultiScan in the pathway to diagnose and
screen liver diseases.

To contribute to optimal clinical outcomes, diagnostic
tests must not only demonstrate clinical value and cost-
effectiveness, but also address patients’ needs. A recent
survey of patients with liver disease conducted by the
British Liver Trust revealed that 59% of people felt the
need for more information during the diagnostic process
and 90% sought additional information online after the
clinic appointment [24]. Similarly, Cook et al. surveyed
patients with NASH in the US and the UK and reported
poor understanding of the disease by patients and inad-
equate physician support [25]. Collectively, these studies
suggest a failure to successfully integrate patients during
the diagnostic process, resulting in poor understand-
ing of the nature of tests being administered and/or the
nature of the diseases being diagnosed. This highlights
the need for diagnostic approaches that provide not only
clinical utility, but also information that is understood by
patients and can be used to promote patient education of
disease progression and empowerment toward self-man-
agement [26]. Here, we sought to investigate the impact
of LiverMultiScan and TE on patients’ experiences using
a qualitative, survey-based approach that included inves-
tigating if information presented by way of a test with a
visual component could affect patient understanding.

Methods

Study design

The study design and questionnaire were first conceived
by one of the authors and were finalized in conjunction
with five individuals with experience of liver disease
(3 patients and 2 caregivers) members of a liver disease
charity. Design participants took part in a facilitated
meeting to review the study protocol, the participant
information leaflet and a standardised questionnaire.
Including a quantitative questionnaire allowed a self-
reported value of understanding of liver health before
and after the liver scans. This was measured by patients
selecting a value between 1 and 10. Mean scores were
calculated for those having the LiverMultiScan test, Liv-
erMultiScan and the FibroScan tests, and the average for
all participants. Participants were encouraged to give
recommendations on changes to be made to items such
as the format of reporting of the MRI scans after receiv-
ing their own reports, as opposed to dummy reports.
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Participants’ suggestions were implemented into the final
study design.

All participants attended one visit lasting no more than
two hours. During the visit, participants first under-
went an MRI scan, had their MRI report presented by
a healthcare professional, and then engaged in 30-min
semi-structured qualitative interview as shown in Fig. 1.
A subset of 33 participants also underwent a FibroScan
test, delivered by a trained consultant physician, either
before or after the MRI in a pseudorandomised order.

Magnetic resonance imaging

MRI data were acquired on a 3 T Siemens Tim Trio scan-
ner and analysed with LiverMultiScan (LiverMultiScan,
Perspectum Diagnostics Ltd, Oxford, UK) software. Scan
time was<10 min, as previously described [18]. Briefly,
transverse abdominal T1 and T2* maps were acquired
for estimation of extracellular fluid and liver iron, respec-
tively. This was used to generate the iron-corrected T1
(cT1) for a composite measure of liver inflammation and
fibrosis. Liver fat was calculated from the proton density
fat fraction (PDFF). Data was then analysed to generate
the LiverMultiScan report (Additional file 1).

Transient elastography (FibroScan®)

Transient elastography (TE) measurements were deter-
mined with a FibroScan model FS502 with ‘M’ or ‘I’
probes. The TE test is performed under 5 min, with an
average of 10 valid measurements being used to obtain a
liver stiffness score (kPa) which is correlated with fibrosis
staging [27]. The score can be compared to the FibroScan
scoring card (Additional file 2), which can indicate the
likely fibrosis staging of the scanned individual (FO—F4).

Semi-structured interview and questionnaire

Healthcare professionals discussed LiverMultiScan and
FibroScan test results with the use of visual reports in a
one-on-one setting. Immediately after, a study investiga-
tor conducted a 30-min semi-structured qualitative inter-
view. First, each participant was given a few minutes to
examine the Perspectum LiverMultiScan Questionnaire
(Additional file 3). Next, the interview was conducted
using open-ended questions in a semi-structured fashion
to probe: (1) experience of the scan(s), (2) understanding
of the report, and (3) ways to improve delivery of both
the scan experience and scan report document. Partici-
pants filled in a questionnaire, designed in conjunction
with patient advocacy groups and patients, before and
after their scans and feedback. The questionnaire col-
lected information about participant background, infor-
mation delivery preferences and how understanding of
liver health changed after receiving scan reports (Addi-
tional file 3).
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Patient arrives and undergoes safety
questioning, medical history and
informed consent. ~15 mins (N = 101)

/

Transient Electrography
(FibroScan®) ~5 mins (N = 33)

T~

Quantitative MRI (LiverMultiScan™)
~15 mins (N = 101)

Report and results feedback from
Scans ~15 mins (N = 100)

Semi-structured interview to obtain
feedback on patient experience ~30
mins (N = 100)

Fig. 1 Flow-chart of patient care pathway on day of study

Analysis

Interviews were transcribed verbatim before thematic
analysis. Thematic analysis followed a grounded theory
approach, where theory is itself generated from the
qualitative data of the interviews. All transcripts were
annotated and coded for subject matter. The transcripts
were then analysed a second time to identify portions
of text which related to identified codes and to deter-
mine whether the selected text was positive, negative,
or neutral on the subject matter in question. Quota-
tions were organised by code and analysed to deter-
mine links between different subject codes. Coded
quotations were organised into groups linked concep-
tually from which specific themes (summarised in this

paper) emerged. A three-person patient panel reviewed
the transcripts and analysis at two time points to vali-
date the analysis.

Researcher reflexivity

All the authors of this study have had personal experi-
ence of liver disease or direct experience of the journey of
patients diagnosed with liver disease as physicians. The
author who conducted the interviews and coded them
had been evaluated with the LiverMultiScan test prior to
the study conception and their personal experience with
the technology was one of the contributing factors that
spurred the interest in evaluating the effect on imaging
non-invasive technologies on the experiences of patients
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being evaluated for liver disease. Prior to this experience
this author had had no contact with Liver Disease Chari-
ties or other types of patient groups. In addition, none of
the interviewers had any direct relationship with the par-
ticipants of the study prior to the interview.

Results

Participant demographics

A total of 101 participants (62 females, 39 males; aged
20-79, mean 51 years) provided informed consent to par-
ticipate in this study in accordance with ethical approval
from Oxford-C South Central Research Ethics Commit-
tee (Ref: 15/SC/0615). The study population consisted of
90 participants with previously diagnosed liver disease
and 11 caregivers. Participants were recruited from liver
support groups and charities, Perspectum’s social media
and online platforms, and direct invitation from other
participants. The exclusion criteria were contraindication
to MRI scans and age <16 years old. Patients not meet-
ing the exclusion criteria were enrolled until 100 partici-
pants were accounted for. Diagnosis was self-reported,
and the frequency distribution of diagnoses reflected the
convenience sampling strategy that was utilized. Notably,
the final study population contained no participants that
self-reported alcohol-related liver disease, demonstrating
undersampling of the population and/or possible avoid-
ance of self-reporting alcohol-related liver disease. Distri-
bution of liver disease diagnoses is shown in Fig. 2.

Identified themes
Five core themes were identified:

+ MRI procedure

+ Non-invasive versus invasive diagnostics

+ Understanding presented information

+ Delivering information: access is assurance
« DPatient support and care post-diagnosis

The MRI procedure
Perfectly comfortable, unexpectedly in a way

Example quotations can be seen at Table 1.

The majority of individuals felt that the MRI LiverMul-
tiScan was tolerable, with a few individuals even stating
enjoyment or relaxation from undergoing the procedure.
Participants generally felt the information they received
through the LiverMultiScan and FibroScan reports was
more than what they initially expected and was sufficient
in quantity and quality. Most participants thought it use-
ful to have information prior to the scan and felt that the
option of a paper or electronically delivered leaflet was a
good way to do this.
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In terms of preparation for the MRI scan, 4 h of fasting
was not considered a major impediment or sacrifice, par-
ticularly if good results were obtained. Occasionally, the
preparation for the scan generated anxiety due to poten-
tial conflicts with daily drug regimen, but after speaking
with a member of the research team, solutions and alle-
viation of any major stress were possible. Participants
appreciated the ability to wear their own clothes into the
scanner, as opposed to a hospital gown which many iden-
tified as a time waster, a drain on their dignity during the
procedure and a contributor to anxiety by enacting an
overtly clinical atmosphere to the scan. Several partici-
pants commented positively on the use of a pillow by the
radiographers, stating that a flatbed without such sup-
port is what they had been used to in the past.

Most patients found the scan procedure harmless. The
relatively tight space was expected, and those who were
mildly claustrophobic (minority) found ways to cope with
this by closing their eyes or requesting a blindfold. The
larger space posed more of an issue in larger participants,
usually the cases of NAFLD or NASH, with a bore size
of 60 cm being used. On average, the sound during the
scan was more unexpected and sometimes caused dis-
comfort. Temperature inside the scanner also presented
as an issue of discussion, though primarily due to the
protocol causing warming inside the scanner. Many also
stated how much an occasional verbal message from the
radiographer during the scan helped their experience,
emphasising the importance of human interaction as a
moderator for patient anxiety.

Breath holds are essential to obtain good images within
the LiverMultiScan protocol. Most participants did not
have issues with the breath holds, and successfully fol-
lowed instructions. Participants with co-morbidities that
affected breathing were more likely to report difficulty
with the MRI exam. Others said they would have liked a
more practical demonstration of the breath holds prior
to the scan as opposed to verbal description only. The
negative experiences and perceptions mentioned above
should remain in their context, as most individuals had
very little problem with the MRI scan. Individuals with
past experience of the scan stated that their anxieties and
worries about MRI scans also generally disappeared after
their first MRI scan.

Non-Invasive and Invasive Diagnostics: LiverMultiScan,
Biopsy and FibroScan

I don’t want a biopsy.

Example quotations can be seen at Table 2.

Nearly all the comparative procedural discussion was
between multiparametric MRI with LiverMultiScan,
TE with FibroScan and liver biopsy. Participants were
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Distribution of participants and liver disease diagnoses

= AlH = PSC = PBC
NAFLD = Viral Hepatitis = Healthy Carers

Condition #

AlH 14

PSC 13

PBC 12

NAFLD 15

Viral Hepatitis 19

Healthy Carers 11

Unknown Provenance 7

Other Conditions 14

Total Participants 101

Fig. 2 Numerical distribution of participants and liver disease diagnoses. Cohort of 101 individuals with diagnoses including overlap syndromes—
i.e. AIH/PBC overlap syndrome (Sum of all diagnoses adds to more than 101). Other conditions include liver cancers, rodular regnerative hyperplasia,
alcoholic diver disease, cystic liver disease and haemochromatosis. Liver disease diagnoses were self-reported

mixed in their experience; with some having undergone
all three, and others having one of the three for the first
time as part of the study. The experiences related to the
liver biopsy displayed a common theme. Participants let
it be known that they found biopsy very uncomfortable
physically, and subsequently a great cause of psycholog-
ical stress. The idea of a repeat biopsy being a cause of
additional stress was a recurrent theme for participants,

and one they wished to avoid. Indeed, many participants
told stories and anecdotes of how ill they felt after a
biopsy procedure. Participants seemed to prefer TE and
MRI because they were non-invasive, short in duration
and with results being delivered relatively fast. A minor-
ity of patients mentioned the discomfort caused by the
touching and pulsing elements of the probe used for the
TE test. However, patients generally spoke warmly of
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Table 1 MRI procedure example quotations
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“It all felt quite straight forward and comfortable” Mark, 56M with AlH

“There is one thing | feel | should bring up.... 1 have COPD and | know that some of peers also have problems breathing. There’s a lot of breathing
involved when you are inside the machine... if  had known | would have had this (inhaler) before | went in”Charles, 58M with Hepatitis C

“Because you can't put them on yourself, you can't do them up. You feel like you are walking around in corridors, in your nightdress!" Jessica, 35F with

AlH

“It was very straight forward. Far more than | was expecting. It's non-invasive. It is noisy, the headphones keep that out” Nick, 34M with NAFLD

“There is no pain involved at all. You are just laid down. It's easy, and that’s it. It's quite comfortable. You are in a good position and it’s relaxing” Taylor,

48F with PBC

‘I am very claustrophobic, so it's never going to be an entirely comfortable experience, but it was okay. It helped a lot that the assistant kept talking to

me, as she knew | was fairly anxious. That helped a lot” Shirley, 55F with AlH

Table 2 Non-invasive and invasive diagnostics: LiverMultiScan, Biopsy and FibroScan example quotations

“Biopsy was very stressful and very painful. (The MRI) was a walk in the park in comparison to that”Mary, 51F with Haemochromatosis

“It took me a long time to get over that one. At the time—it was okay. It was the recovery stage after that. It felt exactly like you had been stabbed,

which basically | suppose you have been! Clive, 69M with AlH

“Because | had one recently that did feel quite stressful. This one seemed—I knew what to expect. So, | didn't feel stressful and | didn't feel weird after-

wards like the last one!” Anna, 35F with AlH

“For me, | didn't feel anything. | just had a bit of a chill out for ten minutes. | laid back and relaxed! Alan, 41M with Hepatitis C

“MRI's are just a short thing out of your day. You sit, you lie down, relax or at least try to relax. Have some loud noises, feel a bit warm, you get out and
you get diagnosed and that is sort of it. As procedures go—it's very casual.’Rowan, 18M with NAFLD

“At the start, it was uncomfortable, it was a tight space. But once you were inside, it was comfortable enough. | think it is just that original going into the

tunnel”Marcus, 25M with Unidentified Condition

“Well, the fibroscan is really quite benign really | think actually. Fibroscan is so short relatively” Charles, 58M with Hepatitis C

“Because it was non-invasive. It doesn't cause me any problems. It's quick, it doesn't affect anything. Whereas the alternative, a liver biopsy would be

completely the opposite! Julie, 43F with NAFLD

‘I had two biopsies. | had one in 2011 and one in 2014. It's excruciatingly painful... And then you go back home and this pain comes there for a number
of days to heal up. Then that alone itself—the second time | felt like | was going to have a panic attack... The drama that goes with the liver biopsy.
They are preparing you like an operation—it’s traumatic. You know, they make you feel as if they are going to chop you up. I wouldn't want to go

through any liver biopsy again!"Victor, 36M with Hepatitis B

modern technologies which would help them understand
their liver better, and potentially with more ease. Several
patients discussed other trials and studies of technologies
they have been involved in with warmth.

Whilst patients did value good, clear and personalised
results as a priority, a desire for non-invasive diagnostics
was strong. An overall preference was given to a diagnos-
tic test that could provide a non-invasive experience and
solid results.

Reporting—understanding presented information

When you actually look at the pictures, you can tell
the story. That is what it feels like.

Example quotations can be seen at Table 3.

High-quality visual reports of tests and discussions
with a healthcare professional during the diagnostic
experience appeared to improve participant experi-
ence and comprehension of liver disease. Participants
felt that the MRI scan delivered them clear and under-
standable information. Central to this was the pictorial
and colour elements of the LiverMultiScan report. The

LiverMultiScan report contains a prominent colour-
scaled image, with relevant statistics above this image.
The colour scale is to the ‘cT1’ reading, which itself is
a measure of inflammation and fibrosis—red represent-
ing high cT1, and green/blue representing low scoring.
Participants acknowledged the understanding provided
by the pictorial element of the scan report because they
could clearly see and assess the entire liver. This was
particularly so for those with patchy disease, for whom
such assessment is a significant advantage over other
methods such as biopsy which assess only a restricted
volume of the liver. The use of imagery that spanned
the whole liver also increased confidence in the test for
many, reassuring participants that they had been fully
assessed.

Most prominent amongst participants responses to
the visual aspect of the report was the colouring of the
picture. Primarily mentioned was its explanatory power
which was reassuring to participants. Many stated that
the colour helped them understand their condition far
better than verbal or numerical explanations, telling an
accessible story of the health of their liver.
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Table 3 Reporting—understanding presented information

“| think it helps you understand things. Often, you get blood results with a number or an MRI, they'll just write a line...Whereas when you see an image,
it's easier to remember and understand.” Natalie, 35F with Autoimmune Hepatitis

“| prefer the visual aid. The text is okay, but when you get a letter back from your consultant and it is full of the technical, the first thing you do is go on
google... You are less worried (with the picture) than a report saying you have some steatosis” Matt, 45M with NAFLD

“Seeing the liver and what state it is in, rather than just being told you have F3 or F4. You know, you don‘t understand... you don't actually see the bits
which are damaged!" Jo, 48F with Hepatitis C

“| feel | can close the book on my liver. Does that make sense? Even though | had Hep C 6/7 years ago now, I've always wondered how much damage is
there, as they only take a minute part of the liver when they have the biopsy. | always wondered, so I've come and I've got the confirmation | was after. |
didn't know it would be so good, but I'm very happy it is. So for me, having a history of (Hepatitis C), this have given me a lot of security to know | am in
good shape”Michael, 41M with Hepatitis C

“The colourfulness makes a massive difference. The CT scan, MRI scans. All these scans. They are in black and white. The (radiologist) just points to your
liver, this it that etc, but it doesn't make sense to a layman like me!"Victor, 36M with Hepatitis B

“When | sat down, the first thing | wanted to see what my number. | wanted to see my score. | wish that that would have been bigger, because | had to

keep asking Simone, 52F with Primary Sclerosing Cholangitis

“it shows you exactly where the diseased parts of the liver are which is what | haven't ever known in the past” Lorely, 58F with Nodular Regenerative

Hyperplasia

“The visual clarity is just stunning isn't it, and so easy to understand. Because you haven't done anything fancy, you've just used red, amber, green. So |

can see at a glance”Lynne, 55F with Autoimmune Hepatitis

“As | said to you earlier, it's an encouragement to keep going with the lifestyle I've been leading for the last few years. That's fantastic”’ James, 60M with

Hepatitis C

Participants with liver disease in recovery, or who
had been subjected to a liver transplant were also
reassured by the visual elements of the report with
a picture of the whole liver. These participants often
reported anxiety and concerns about present liver
health or if they had really recovered. Several par-
ticipants reported that they felt this type of report
could help with a ‘closing of the book’ and a moving
on moment for the psyche of an ill person. Liver-
transplant recipients reported that doubts about the
condition of their new liver could be resolved. The
colouring, a universal messenger, was the key element
allowing patients to grasp a general message about
their state. To supplement the visual report, partici-
pants also valued the numerical aspect of the report.
Generally, participants felt that the numbers were the
core of what ‘you need to know) to aid in comprehen-
sion of the full picture of liver disease severity.

Most participants understood the numerical aspect
of the report. However, a few struggled with inter-
pretation. Participants who struggled with interpre-
tations struggled due to signage, normal ranges, and
nomenclature. Participants most likely struggled with
nomenclature because new and unique acronyms were
utilized in the report without references. Difficulty
with colour differentiation occurred in patients with
intermediate liver conditions. For example, vessels
on the visual report were a yellow colour. Physician-
guided discussion of normal versus abnormal patterns
in the LiverMultiScan report was critical for full com-
prehension of the report by participants.

Delivering information: access is assurance

It’s my body and I'm doing whatever I do to it — so I
want to be a partner. Whatever you know, I want to
know as well

Example quotations can be seen at Table 4.

Understandable and careful information delivery by
a doctor or health professional was considered essen-
tial to assuring patients of the quality and validity of
their results. Participants wanted to know that their
information was delivered with expert approval as this
may increase confidence in results and lessens stress—
although many felt that current standards of delivery
were not consistent and often did not aid them in their
understanding. Adequate delivery of test results also
offers the chance to ask questions and resolve doubts
important to one’s understanding of a personal medical
condition—a very important aspect of a health interac-
tion for the patient. Where a scan showed a healthy out-
come, there was less desire expressed for a face-to-face
consultant, with many saying in this case they would be
content with just a written letter or the test results being
communicated by other health professionals.

The aspects identified as central for a good rapport
and understanding of test results were: sensitive and
patient-oriented discussion of results with the use of
visual props. Many patients mentioned feeling misun-
derstood and having trouble understanding test results
in the past because of poor exchange of information
with the attending physician or healthcare professional.
Several participants informed that doctors did not
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Table 4 Delivering information: access is assurance
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Delivering Information: Access is Assurance Example Quotations

"I don't know much about the statistics. That is gibberish to me!” Alice, 40F with AIH

“The consistency of seeing the same people as well when whenever you go see a consultant, you see somebody different every time. Even though it's
the same consultant, the people that you see are different each time. And some of them will actually talk and answer questions and others, you are in
and out in 2 min, and they don't look up from the computer. Jenny, 58F with NAFLD

“It's my body and I'm doing whatever | do to it—so | want to be a partner. Whatever you know, | want to know as well” Jamie, 58F with Unknown Condi-

tion

“It's very difficult actually—because you have to request them all the time. And now our surgery has started charging... 47p a sheet... so every time
you go and have a blood you have to pay 5 or 6 quid.” Christopher, 69M with AlH

"The first time you will need someone to go through it with you very clearly. To spend time, and let you ask questions so that the first time it is contex-
tualised and you learn how to read it and then from then on you know what to do. It's almost like you need a little bit of training." Alex, 51M with PSC

“What was bad was the consultant who | saw, who seemed to have zero emotional intelligence. He was a clever idiot is how | put it Matt, 62M with

Hepatitis C

“They don't show you nothing. Normally when they do it, you don't get to see the screen. Today, | saw the screen and when they do it in the hospital,
it's normally turned away from you. So you can't see anything” Shirley, 63F with NAFLD

“| love it and wonder why we don't have them. I mean our GPs don't even get an image of it either. My spinal MRI's, instead of getting an image of it,

they get a letter explaining what the MRI does” Alex, 51M with PSC

‘I think the image is good, | think it's reassuring, it's nice to have, but if you have much more detail than that, then there is more scope to worry and
some patients | know would grasp on to every tiny piece of information and one amazing detail about all the... and I'm not like that, but some might

be!Sarah, 48F with PBC

"I just feel slightly better if I have the chance to get as much information as possible” Sophia, 68F with Unknown condition

“| think the problem is when you have things wrong with your internal organs, you can't bloody see anything... You don't know what is happening. To
see an image of your insides, even if it was awful, you feel at least you have the knowledge and have some power. It's empowering.” Alex, 51M with PSC

“There’s more in there than | could explain to you, because since the transplant, I've had lots of thoughts from time to time. | used to in the old days,
couldn't afford a good car, so | had a scrap car and | always had to keep going to the scrapyard to get spare parts, and some of them were alright,

and some of them—you would change the engine and two months later, you did again. | had no idea personally of what condition the liver was in
except obviously it was good enough, but, a question I've asked and never had a reply was what age the person who owned this liver. You know, was it
somebody 35 or was it somebody 757 Because then you think, how long is that liver going to last? You know, but seeing that now tells me it's a healthy
liver, so that has gone into insignificance. That question has gone from my mind now, because it doesn’t matter. That is what matters.” Derek, 63M with

previous Liver Transplant (NAFLD)

communicate on layman’s terms—delivering informa-
tion without properly explaining many terms. Partici-
pants also thought that information was in some way
concealed from patients by what was described as the
‘behind the desk’ culture of reporting results; with
images/results not shown from behind the screen and
leaving the impression that not all relevant information
had been covered. Many felt a general opacity in terms
of delivery of their own information. Many participants
also explicitly stated that having access to a visual prop
on a screen allowed them to see that all was being cov-
ered, and prompted them to ask questions which alle-
viated stress. Use of comparative examples was also
praised. This more open form of delivery was noted as
empowering by patients more than once, allowing them
to form a more partnership-style relationship with their
doctor.

Participants showed a strong desire for a paper or elec-
tronic copy of their report. Identified reasons for this
included keeping records of their own for self-tracking,
but also acknowledgement that they and the population
in general are much more mobile and thus there is an
advantage to having quick access to reports if a change

of doctor is at hand, since information is often lost in the
transfer process.

Most participants understood that they could not pos-
sibly understand test results at the level of a medically
trained person, but they did not wish to miss out on
information, and generally felt that where information
was present, it should be made available. Many went as
far as to say that they could not receive too much infor-
mation. This was particularly present in participants
with higher measures of fibro-inflammation. The general
theme that discussion of test results with emotional and
sensitive intelligence, coupled with an open form was
the method preferred by participants, demonstrating
good communications skills being an essential skill for a
healthcare provider.

Support, care and post-diagnosis
The empathy comes from a human.

Example quotations can be seen at Table 5.

A general emerging theme was that many patients
did not feel supported during the healthcare jour-
ney. Patients reported insufficient condition-related
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Table 5 Support, care and post-diagnosis
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" walked in there and there were two guys, similar age to me who'd had a similar experience in terms of the longevity of the infection and they had
both been through the treatment and been successfully treated and were feeling much better. So it was a real—just to hear someone else’s story. For

me, it was vital James, 60M with Hepatitis C

“Itis good that you can have a moan and people understand that moan, and people are going through the same thing as you understand it. Whereas
when you are talking to general public, you don't like to keep on—you feel like a whiner kind of thing. When people ask‘how are you?, | often say I'm
fine when | am not—because they don't want to hear it. Whereas on the support group everyone is sharing their experiences and you feel like you can

do that"45 with PBC

“The thing is any knowledge | have about the condition | have has been provided through the support network that we have. Doctors have never sat
down with me and said this means this and this means this. If | have an understanding, it's one | acquired myself from using the support mechanisms
that are out there through voluntary organisations that support us.” Jean, 43F with PSC

guidance and emotional support, which lead patients to
express that liver conditions might lack solutions/treat-
ments and are poorly understood. Participants with a
diagnosis of NAFLD reported these feelings more often
than participants in the other diagnostic categories,
indicating that decreased patient support could be a
characteristic specific to the NAFLD patient journey.
In fact, many participants with a diagnosis of NAFLD
greatly valued support groups. Support groups seemed
more concentrated within certain conditions than in
others, with some conditions having more empow-
ered and active patient groups. Many participants who
were engaged in groups saw them as an essential part
of their condition management because it facilitated
interactions with other individuals experiencing simi-
lar diagnoses. This was reflected in some of the sto-
ries and anecdotes told by participants, many of which
focused on a theme of being ‘left behind’ by healthier
friends and family members who did not understand
the full impact of a liver condition on the participant’s
life. Other participants struggled to find sufficient sup-
port, and stated that the personal engagement offered
by support groups could be highly valuable. Both meet-
ings, and ward walk arounds by former or current
patients were praised.

Support of online-based patient groups was also men-
tioned. This was primarily for the ability to ask questions
and get quick responses. Others were more reserved in
relation to online groupings, citing uncertainty in relation
to quality of information given, and difficulty interacting
within groups that often have many different personali-
ties with discussions between members moving fast.

Touching on the quality of information given out on
groups, many participants explicitly stated they often
did their own research through internet search engines
or online support groups. Many understood that this
would not necessarily lead to reliable information. Sup-
port groups were seen as guardians of more reliable
information, and could be a potential mechanism for
information dissemination.

Quantitative questionnaire

Self-reported understanding of liver health increased sig-
nificantly (1% significance level, paired Student’s t-test).
For all participants, this increased from 6.20 to 9.31
(4+3.11). For those who just received LiverMulitiScan,
there was an increase from 6.28 to 9.22 (+2.94), and for
those who received both went from 6.03 to 9.45 (+ 3.42).

In addition to participants rating the understanding of
their own liver condition, the 11 caregivers were asked to
rate understanding of their associated participant’s con-
dition. This was also on a scale of 1-10 with an average
score of 8.04. Understanding of sufferers of each condi-
tion varied. The average understanding for the five condi-
tions with an N> 10 were calculated; primary sclerosing
cholangitis (PSC), primary biliary cirrhosis (PBC), auto-
immune hepatitis (AIH), NAFLD, hepatitis C. Hepatitis
C participants claimed the highest understanding at 8.17,
with NAFLD participants lowest with 6.73. AIH partici-
pants were 8.08, PSC 7.38 and PBC 7.58.

The subsample of participants (N=33) who received
both multiparametric MRI and transient elastography
were asked to pick a preference for tolerance, usefulness
and inclusion in the treatment pathway. Opinion was
split on tolerability of the tests with 24% each saying they
preferred either multiparametric MRI or transient elas-
tography, but 52% stating no preference. However, 88%
found multiparametric MRI more useful, and 91% said
they would prefer it over transient elastography.

Discussion

The present study shows increased understanding of
liver disease by patients and improved patient experience
with utilization of TE with FibroScan and multiparamet-
ric MRI with LiverMultiScan in the diagnostic pathway
of liver diseases. In addition, patients reported increased
satisfaction and understanding of their condition with the
utilization of visual reports as part of a patient-focused
clinical experience. Patient experience is an important
factor to investigate within clinical pathways [28], and
has been linked to several important indicators including
satisfaction [29, 30], loyalty [30], clinical effectiveness [29,
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31], compliance [32] and outcomes [33]. Furthermore,
there can be discrepancy between physician assessment
of patient experience, and self-reported patient experi-
ence [34]. Finally, clear methodology and presentation of
results obtained through research focused on the patient
experience is important to ensure that all stakehold-
ers are active participants in a study and to increase the
likelihood of impact in real world practices [35]. In the
present study we applied the principles of patient and
public involvement in research (PPI) [36] to investigate
non-invasive diagnostics for liver disease. Our results
indicate that inclusion of LiverMultiScan and FibroScan
in the clinical pathways to manage liver disease might
improve patient experience in real-world settings and aid
the patient physician relationship toward promoting and
maintaining lifestyle changes through empowerment.

Since test scans were performed within a research
environment, fewer scheduling constraints occurred
compared to real-world clinical settings. Thus, the study
setting might have introduced a bias on patient experi-
ence toward positive impressions that might not reflect
patient experiences during real-world clinical visits. We
mitigated the risk of study setting-bias by setting a sched-
ule which reflected real-world clinical practice. During
each study day, 8 to 10 participants were scanned from
9 am to 4.30 pm. This interval included a lunch break. We
believe this approach enabled a more realistic experience
during test scans.

The study population was likely shaped by self-selec-
tion bias related to potential claustrophobia risk in some
participants during MRI scanning. Eligible participants
with propensity for claustrophobia might be discour-
aged to apply for participation. This bias could not be
addressed because good clinical practice guidelines
demand that participants with propensity to claustropho-
bia be excluded from MRI testing in a study setting.

Our study is affected by a design-bias intrinsic to quali-
tative approaches using interview-based analytic tools.
To minimize this effect, we utilized a semi-structured
approach to interviews. Question structures were explic-
itly neutral and participants were encouraged to be open.
We expect that the large population size and variety of
social and ethnic backgrounds of our study cohort reflect
the real-world populations affected by liver diseases. In
addition, volunteer participation in research studies
might indicate increased “patient activation, which has
been previously associated with increased satisfaction
during healthcare utilization. Finally, interviews were
reviewed by a group of patient group experts at halfway
point and at the end of the study. This review concen-
trated on whether the analysis completed on the inter-
views was a fair representation of the feedback given,
taking into account the interview structure.
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The interviews conducted in the present study reveal
that patients diagnosed with liver disease are interested
and ready to discuss a wide range of aspects of liver dis-
ease care. Participants discussed many practical issues
related to the diagnostic procedures and how informa-
tion is transmitted to them. Participants revealed several
emotional aspects and problems faced during the expe-
rience of liver disease. Patient participants helped set
the structure to uncover important themes and clarify
the themes during the post-interview analysis. Patient
group involvement in dissemination of advertisement
for the study also significantly eased recruitment, a fac-
tor which can hold back many projects. Notably, one of
the authors of the study had a diagnosis of liver disease
initiated through a LiverMultiScan test. Although this
introduces a potential bias in our study it also provided
a direct experience of the liver disease diagnostic journey
that informed the study design and execution, but that is
often absent when researchers without direct experience
of the patient journey design and conduct studies to eval-
uate patient-reported outcomes.

Upon consideration of the interviews, three layers of
patient experience were apparent: information, under-
standing of that information, and support of informa-
tion. Through a thematic analysis these were sub-divided
in five specific categories (MRI procedure, non-invasive
vs invasive, understanding information, delivering infor-
mation, patient support). A uniting desire of all patients,
and one which was consistently present, was the desire
for information access. Participants demonstrated that
the current information offerings during typical clinical
encounters were often inconsistent. Given that better
understanding can lead to better outcomes, and informa-
tion exchange between patients and physicians, patient
comprehension should be prioritized. In this study,
patients preferred visual aids and open reporting styles
to communicate liver status and progress. Better under-
standing of an improving state has potential ramifications
for the mental health of an ill or previously ill patient.
Several interviewees who identified as recovered for sev-
eral years spoke of their unease and the discomfort of
misunderstanding their recovery and welcomed methods
to improve understanding of recovery.

Whilst patients desired access to their results as a pri-
ority, they also greatly valued informative discussions
of their results with their physician. Increased under-
standing of the disease through adequate presentation
and discussion of test results was described as being
helpful as part of the experience of feeling empowered
to cope with a liver condition and/or toward recovery.
There was preference for an open style of information
presentation, which encouraged patients to ask ques-
tions. Visual reports were preferred by patients and



McKay et al. J Patient Rep Outcomes (2021) 5:89

seemed to contribute to better understanding. Easy
and convenient access to test results, during and after
the consultation, was thought to contribute to patient
empowerment.

The preference for the non-invasive tests and aver-
sion to invasive biopsy is not surprising. Patients who
expressed aversion to confined spaces, or repeated
pulsations of the TE probe also preferred non-inva-
sive tests. It is also possible that participants showed
reduced baseline stress in a research context relative
to patients referred to MRI scans because of a clinical
referral. This result suggest that patients are likely to
benefit from clinical settings that are willing to adopt
non-invasive technologies to evaluate liver health. Par-
ticipants expressed the desire to participate in trials to
develop and test new technologies. It is worth noting
that the quality of information received was perceived
as a primary concern, but if the necessary information
can be obtained non-invasively, a strong preference for
the non-invasive test was identified.

Finally, support groups and other mechanisms of com-
munity involvement should be considered. Recruitment
for the study was done in conjunction with support
groups and charities, but some individuals were recruited
individually, via direct advertisement or targeted social
media advertising. Generally, participants felt that sup-
port group structures eased their experience. Several
participants received care in settings where groups were
explicitly weaved into the care experience by providers.
Hepatitis C and autoimmune liver conditions have estab-
lished patient support groups whereas fatty liver diseases
have fewer post-diagnosis support groups. Patients with
NAFLD reported less understanding of their conditions
on the 1-10 scale than patients with viral and auto-
immune liver conditions. Participants integrated into
patient groups were more positive about past experiences
and felt that with support structures they were better
able to understand the context of their personal state in
reference to others, and cope with their condition. Many
participants attributed the understanding of their condi-
tion primarily due to interactions with support groups,
as opposed to healthcare structures. Support structures
were reported to help with understanding by providing
access to trusted information on patients’ conditions, and
results interpretation. It may be that the lesser under-
standing amongst NAFLD patients’ may be due to poor
identification with the disease. Through all this, a desire
for the human touch prevails. Good delivery in a sym-
pathetic and appropriate way, support structures which
enable access to real humans with lived experience of
the relevant condition. Patients often stated that in their
experience of healthcare systems, they often felt alone, or
pushed through as if a number.
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Conclusions

The present study sought to document the experiences
and perceptions of non-invasive diagnostic pathways by
liver disease patients. We have identified that non-inva-
sive tests are highly preferred over liver biopsies, and that
the use of visual aids greatly contributed to understand-
ing and might impact patient reported outcomes dur-
ing management of liver diseases. Importantly, NAFLD
patients seemed to have less understanding of their con-
dition and likely have access to fewer organized patient-
focused support groups in comparison to other chronic
liver disease conditions. This finding has important pub-
lic health implications at a time when it is estimated that
approximately 30% of the Western population have fatty
liver disease and NASH is becoming the main cause of
liver transplantation.

Our study reinforces the need to rethink the balanc-
ing demands for efficient treatment and optimal patient
experience. Improvement in our current structures of
healthcare management for liver disease patients will
require structural thought and improved design of
not only patient-centered studies such as this one, see
GRIPP2 short-form (Additional file 4), but also incorpo-
ration of patient-initiated research priorities and patient
reported outcomes into conventional pharmacology and
interventional studies. The evidence from prior studies
as well as the stories of patients with this study demon-
strate the value of patient-centered outcomes as integral
to the maximisation of utility within healthcare systems.
We hope the insights provided here will inform future
research and serve to improve patient experiences and
care within liver diseases.

Abbreviations

AlH: Auto-immune hepatitis; DALYs: Disability adjusted life years; HCC: Hepato-
cellular carcinoma; cT1: Iron-corrected T1; MRI: Magnetic resonance imaging;
NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepa-
titis; PBC: Primary biliary cirrhosis; PSC: Primary sclerosing cholangitis; PDFF:
Proton density fat fraction; PPI: Public involvement in research; TE: Transient
elastography.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/541687-021-00363-5.

Additional file 1. Representative LiverMultiScan Report.

Additional file 2. Representative Report of Echosens FibroScan® Report
Card

Additional file 3. Patient Group Designed Questionnaire.
Additional file 4. GRIPP2 short form.

Acknowledgements
The authors thank all the patients and caregivers involved in the present
study. Valuable input was provided by members of Live4Life and Perspectum


https://doi.org/10.1186/s41687-021-00363-5
https://doi.org/10.1186/s41687-021-00363-5

McKay et al. J Patient Rep Outcomes (2021) 5:89

Diagnostics. We thank Karishma Shelley and Ann Xi for feedback on the
manuscript.

Authors’ contributions

AM, RH, SM, PS and RB designed and coordinated the study. AM conducted
the interviews and analyzed the data. AM and CP wrote and structured the
manuscript. All authors read and approved the final manuscript.

Funding
All funding for the study came from Perspectum Diagnostics.

Availability of data and materials
All original data and interviews generated by this study are available upon
reasonable request.

Declarations

Ethics approval and consent to participate

Atotal of 101 participants (62 Females, 39 Males males; aged 20-79, mean

51 years) provided informed consent to participate in this study in accordance
with ethical approval from Oxford-C South Central Research Ethics Committee
(Ref: 15/5C/0615).

Consent for publication
Not applicable.

Competing interests

The PI (Principal Investigator) for this study, Dr. Rajarshi Banerjee, is a share-
holder and CEO of Perspectum Diagnostics who have developed LiverMul-
tiScan™ The study co-ordinator and lead investigator, Andrew McKay and
co-author Carlos Pantoja work for Perspectum Diagnostics. Co-investigators
and authors Richard Hall and Sarah Matthews are co-founders of the charity,
Liver4Life (Registered Charity 1152618). Co-investigator and co-author Philip
Spalding runs the charity Hep C Positive, which is part of Liver4Life.

Author details
"Perspectum Ltd, Oxford, UK. *Liver4Life, (UK Registered Charity: 1152618),
London, UK.

Received: 23 November 2020 Accepted: 31 August 2021
Published online: 10 September 2021

References

1. Institute for Health Metrics and Evaluation (2016) GBD compare data
visualisation [WWW Document]. IHME

2. Pimpin L, Cortez-Pinto H, Negro F, Corbould E, Lazarus JV, Webber
L, Sheron N (2018) Burden of liver disease in Europe: epidemiology
and analysis of risk factors to identify prevention policies. J Hepatol
69:718-735. https//doi.org/10.1016/jjhep.2018.05.011

3. Williams R, Aspinall R, Bellis M et al (2014) Addressing liver disease in the
UK: a blueprint for attaining excellence in health care and reducing pre-
mature mortality from lifestyle issues of excess consumption of alcohol,
obesity, and viral hepatitis. Lancet 384:1953-1997

4. Yang JD, Hainaut P, Gores GJ, Amadou A, Plymoth A, Roberts LR (2019)
A global view of hepatocellular carcinoma: trends, risk, prevention and
management. Nat Rev Gastroenterol Hepatol 16:589-604. https://doi.
org/10.1038/541575-019-0186-y

5. Williams R, Alessi C, Alexander G, Allison M, Aspinall R, Batterham RL,
Bhala N, Day N, Dhawan A, Drummond C, Ferguson J, Foster G, Gilmore
|, Goldacre R, Gordon H, Henn C, Kelly D, MacGilchrist A, McCorry R,
McDougall N, Mirza Z, Moriarty K, Newsome P, Pinder R, Roberts S, Rutter
H, Ryder S, Samyn M, Severi K, Sheron N, Thorburn D, Verne J, Williams J,
Yeoman A (2021) New dimensions for hospital services and early detec-
tion of disease: a review from the Lancet Commission into liver disease in
the UK. Lancet. https://doi.org/10.1016/50140-6736(20)32396-5

6. Neuberger J, Patel J, Caldwell H, Davies S, Hebditch V, Hollywood C, Hub-
scher S, Karkhanis S, Lester W, Roslund N, West R, Wyatt JI, Heydtmann M
(2020) Guidelines on the use of liver biopsy in clinical practice from the

20.

21.

22.

23.

Page 13 of 14

British Society of Gastroenterology, the Royal College of Radiologists and
the Royal College of Pathology. Gut 69:1382-1403. https://doi.org/10.
1136/gutjnl-2020-321299

Ratziu V, Charlotte F, Heurtier A, Gombert S, Giral P, Bruckert E, Grimaldi A,
Capron F, Poynard T (2005) Sampling variability of liver biopsy in nonalco-
holic fatty liver disease. Gastroenterology 128:1898-1906. https://doi.org/
10.1053/j.gastro.2005.03.084

Younossi ZM, Boparai N, Gramlich T, Goldblum J, George P, Mayes J (1999)
Agreement in pathologic interpretation of liver biopsy specimens in
posttransplant hepatitis C infection. Arch Pathol Lab Med 123:143-145.
https://doi.org/10.1043/0003-9985(1999)123%3c0143:AIPIOL%3e2.0.CO;2
Younossi ZM, Gramlich T, Liu YC, Matteoni C, Petrelli M, Goldblum J,
Rybicki L, McCullough AJ (1998) Nonalcoholic fatty liver disease: assess-
ment of variability in pathologic interpretations. Mod Pathol Off J US Can
Acad Pathol Inc 11:560-565

. Patel K, Sebastiani G (2020) Limitations of non-invasive tests for assess-

ment of liver fibrosis. JHEP Rep Innov Hepatol 2:100067. https://doi.org/
10.1016/jjhepr.2020.100067

. Boyd A, Srivastava A, Rosenberg W, Newsome PN, Armstrong MJ (2021)

Optimising referral pathways for patients with non-alcoholic fatty liver
disease in the UK. Br J Healthc Manag 27:62-70. https://doi.org/10.12968/
bjhc.2020.0164

. Long MT, Gandhi S, Loomba R (2020) Advances in non-invasive biomark-

ers for the diagnosis and monitoring of non-alcoholic fatty liver disease.
Metabolism. https://doi.org/10.1016/j.metabol.2020.154259

. Thomaides-Brears HB, Lepe R, Banerjee R, Duncker C (2020) Multipara-

metric MR mapping in clinical decision-making for diffuse liver disease.
Abdom Radiol N Y. https://doi.org/10.1007/500261-020-02684-3

. Talwalkar JA, Kurtz DM, Schoenleber SJ, West CP, Montori VM (2007)

Ultrasound-based transient elastography for the detection of hepatic
fibrosis: systematic review and meta-analysis. Clin Gastroenterol Hepatol
5:1214-1220. https://doi.org/10.1016/j.cgh.2007.07.020

. Kan VY, Azalgara VM, Ford J-AE, Kwan WP, Erb SR, Yoshida EM (2015)

Patient preference and willingness to pay for transient elastography ver-
sus liver biopsy: a perspective from British Columbia. Can J Gastroenterol
Hepatol 29:72-76. https://doi.org/10.1155/2015/169190

. Knight H, Harman D, Morling JR, Aithal G, Card T, Guha IN, Bains M (2020)

Acceptability of chronic liver disease screening in a UK primary care set-
ting: a qualitative evaluation. BMJ Open 10:e041574. https://doi.org/10.
1136/bmjopen-2020-041574

. Arndtz K, Shumbayawonda E, Hodson J, Eddowes PJ, Dennis A,

Thomaides-Brears H, Mouchti S, Kelly MD, Banerjee R, Neubauer S,
Hirschfield GM (2021) Multiparametric magnetic resonance imaging,
autoimmune hepatitis, and prediction of disease activity. Hepatol Com-
mun 12:12. https://doi.org/10.1002/hep4.1687

. Banerjee R, Pavlides M, Tunnicliffe EM et al (2014) Multiparametric mag-

netic resonance for the non-invasive diagnosis of liver disease. J Hepatol
60:69-77

. Jayaswal ANA, Levick C, Collier J, Tunnicliffe EM, Kelly MD, Neubauer S,

Barnes E, Pavlides M (2020) Liver cT1 decreases following direct-acting
antiviral therapy in patients with chronic hepatitis C virus. Abdom Radiol.
https://doi.org/10.1007/500261-020-02860-5

Jayaswal ANA, Levick C, Selvaraj EA, Dennis A, Booth JC, Collier J, Cobbold
J, Tunnicliffe EM, Kelly M, Barnes E, Neubauer S, Banerjee R, Pavlides M
(2020) Prognostic value of multiparametric magnetic resonance imaging,
transient elastography and blood-based fibrosis markers in patients with
chronic liver disease. Liver Int Off J Int Assoc Study Liver 12:12. https://doi.
org/10.1111/1iv.14625

Schaapman JJ, Tushuizen ME, Coenraad MJ, Lamb HJ (2020) Multipara-
metric MRl in patients with nonalcoholic fatty liver disease. J Magn Reson
Imaging 53:1623-1631. https://doi.org/10.1002/jmri.27292

Blake L, Duarte RV, Cummins C (2016) Decision analytic model of the
diagnostic pathways for patients with suspected non-alcoholic fatty liver
disease using non-invasive transient elastography and multiparametric
magnetic resonance imaging. BMJ Open 6:¢010507

Dennis A, Kelly MD, Fernandes C, Mouchti S, Fallowfield JA, Hirschfield

G, Pavlides M, Harrison S, Chakravarthy MV, Banerjee R, Sanyal A (2020)
Correlations between MRI Biomarkers PDFF and cT1 with histopathologi-
cal features of non-alcoholic steatohepatitis. Front Endocrinol 11:575843.
https://doi.org/10.3389/fendo.2020.575843

. Patient Survey FEB 2020—British Liver Trust (2020)


https://doi.org/10.1016/j.jhep.2018.05.011
https://doi.org/10.1038/s41575-019-0186-y
https://doi.org/10.1038/s41575-019-0186-y
https://doi.org/10.1016/S0140-6736(20)32396-5
https://doi.org/10.1136/gutjnl-2020-321299
https://doi.org/10.1136/gutjnl-2020-321299
https://doi.org/10.1053/j.gastro.2005.03.084
https://doi.org/10.1053/j.gastro.2005.03.084
https://doi.org/10.1043/0003-9985(1999)123%3c0143:AIPIOL%3e2.0.CO;2
https://doi.org/10.1016/j.jhepr.2020.100067
https://doi.org/10.1016/j.jhepr.2020.100067
https://doi.org/10.12968/bjhc.2020.0164
https://doi.org/10.12968/bjhc.2020.0164
https://doi.org/10.1016/j.metabol.2020.154259
https://doi.org/10.1007/s00261-020-02684-3
https://doi.org/10.1016/j.cgh.2007.07.020
https://doi.org/10.1155/2015/169190
https://doi.org/10.1136/bmjopen-2020-041574
https://doi.org/10.1136/bmjopen-2020-041574
https://doi.org/10.1002/hep4.1687
https://doi.org/10.1007/s00261-020-02860-5
https://doi.org/10.1111/liv.14625
https://doi.org/10.1111/liv.14625
https://doi.org/10.1002/jmri.27292
https://doi.org/10.3389/fendo.2020.575843

McKay et al. J Patient Rep Outcomes (2021) 5:89

26.

27.

28.

29.

30.

31.

. Cook NS, Nagar SH, Jain A, Balp M-M, Maylander M, Weiss O, Chatter-

jee S (2019) Understanding patient preferences and unmet needs in
non-alcoholic steatohepatitis (NASH): insights from a qualitative online
bulletin board study. Adv Ther 36:478-491. https://doi.org/10.1007/
$12325-018-0856-0

Hibbard J, Gilburt H (2014) Supporting people to manage their health: an
introduction to patient activation. The King's Fund

Mikolasevic I, Orlic L, Franjic N, Hauser G, Stimac D, Milic S (2016) Transient
elastography (FibroScan ®) with controlled attenuation parameter in the
assessment of liver steatosis and fibrosis in patients with nonalcoholic
fatty liver disease—where do we stand? World J Gastroenterol 22:7236.
https://doi.org/10.3748/wjg.v22.i32.7236

Manary MP, Boulding WB, Staelin R, Glickman SW (2013) The patient expe-
rience and health outcomes. N Engl J Med 368:201-203

Adams RJ (2010) Improving health outcomes better patient understand-
ing and education. Risk Manag Healthc Policy 3:61-72

Kessler DP, Mylod D (2009) Does patient satisfaction affect patient loyalty?
Int J Health Care Qual Assur 24:266-273

Doyle C, Lennox L, Bell D (2012) A systematic review of evidence on the
links between patient experience and clinical safety and effectiveness.
BMJ Open 3:e001570

Page 14 of 14

32. Makaryrus AN, Friedman EA (2005) Patients’understanding of their treat-
ment plans and iagnosis at discharge. Mayo Clin Proc 80:991-994

33. Cole BJ, Cotter EJ, Wang KC, Davey A (2017) Patient understanding,
expectations, outcomes, and satisfaction regarding anterior cruciate liga-
ment injuries and surgical management. Arthroscopy 33:1092-1096

34. Maniaci MJ, Heckman MG, Dawson NL (2014) Physician versus patient
perspection of physician hospital discharge communication: a prelimi-
nary study. Open J Intern Med 4:101-107

35. PRO Data Presentation Delphi Panel, Snyder C, Smith K, Holzner B, Rivera
YM, Bantug E, Brundage M (2019) Making a picture worth a thousand
numbers: recommendations for graphically displaying patient-reported
outcomes data. Qual Life Res 28:345-356. https://doi.org/10.1007/
s11136-018-2020-3

36. Petit-Zeaman S (2014) Patient and public involvement in research strat-
egy 2014-2017 [WWW Document]. Oxford Biomedical Research Centre

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1007/s12325-018-0856-0
https://doi.org/10.1007/s12325-018-0856-0
https://doi.org/10.3748/wjg.v22.i32.7236
https://doi.org/10.1007/s11136-018-2020-3
https://doi.org/10.1007/s11136-018-2020-3

	Patient understanding and experience of non-invasive imaging diagnostic techniques and the liver patient pathway
	Abstract 
	Background: 
	Results: 
	Conclusions: 
	Plain English summary: 

	Background
	Methods
	Study design
	Magnetic resonance imaging
	Transient elastography (FibroScan®)
	Semi-structured interview and questionnaire
	Analysis
	Researcher reflexivity

	Results
	Participant demographics
	Identified themes
	The MRI procedure
	Non-Invasive and Invasive Diagnostics: LiverMultiScan, Biopsy and FibroScan
	Reporting—understanding presented information
	Delivering information: access is assurance
	Support, care and post-diagnosis
	Quantitative questionnaire

	Discussion
	Conclusions
	Acknowledgements
	References


