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ABSTRACT
Aims A survey of members of the UK Liver Pathology 
Group (UKLPG) was conducted, comprising consultant 
histopathologists from across the UK who report liver 
specimens and participate in the UK National Liver 
Pathology External Quality Assurance scheme. The aim of 
this study was to understand attitudes and priorities of 
liver pathologists towards digital pathology and artificial 
intelligence (AI).
Methods The survey was distributed to all full 
consultant members of the UKLPG via email. This 
comprised 50 questions, with 48 multiple choice 
questions and 2 free- text questions at the end, covering 
a range of topics and concepts pertaining to the use of 
digital pathology and AI in liver disease.
Results Forty- two consultant histopathologists 
completed the survey, representing 36% of fully 
registered members of the UKLPG (42/116). Questions 
examining digital pathology showed respondents 
agreed with the utility of digital pathology for primary 
diagnosis 83% (34/41), second opinions 90% (37/41), 
research 85% (35/41) and training and education 95% 
(39/41). Fatty liver diseases were an area of demand for 
AI tools with 80% in agreement (33/41), followed by 
neoplastic liver diseases with 59% in agreement (24/41). 
Participants were concerned about AI development 
without pathologist involvement 73% (30/41), however, 
63% (26/41) disagreed when asked whether AI would 
replace pathologists.
Conclusions This study outlines current interest, 
priorities for research and concerns around digital 
pathology and AI for liver pathologists. The majority of 
UK liver pathologists are in favour of the application of 
digital pathology and AI in clinical practice, research and 
education.

INTRODUCTION
Liver diseases are a major cause of global morbidity 
and mortality. Approximately two million deaths 
worldwide and over 150 000 across Europe are 
due to liver disease each year.1 2 Preventable 
deaths due to liver conditions amounted to 26 265 
in England alone from 2015 to 2017.3 In liver 
disease, the histopathologist’s tissue assessment 
frequently plays an important role in determining 
diagnosis, prognosis and response to treatment for 
many conditions, especially where there is uncer-
tainty in the patient’s clinical history and presen-
tation.4 5 However, overall demand for pathology 
services is rising, the content of pathology reports is 

increasingly complex and histopathology laborato-
ries face ongoing workforce challenges.6 7

Digital pathology is the digitisation of glass slides 
to make high- resolution images available for viewing 
on a computer screen.8 This is achieved through 
whole slide imaging, involving the use of scanners 
to capture an entire glass slide.8 Work is currently 
ongoing to deploy digital pathology to hospitals 
across the UK.9 Image analysis techniques ranging 
from conventional computerised morphology tools 
through to artificial intelligence (AI) have been used 
in pathology research for some years, although 
recent AI developments in deep learning have 
inspired researchers further.10 11 The increasing 
availability of digital pathology is bringing efforts 
to develop and clinically deploy AI tools closer to 
reality. In the face of the workforce and workflow 
challenges in pathology laboratories, the applica-
tion of digital pathology and AI as tools to assist the 
histopathologist in reporting of liver specimens has 
generated substantial enthusiasm.12–17 However, 
understanding and targeting areas where most 
benefit can be achieved is important in addressing 
clinical demands and avoiding research waste.

The UK Liver Pathology Group (UKLPG) is a 
professional association that arose from the collab-
oration of several groups with liver pathology inter-
ests.18 They held their first meeting as the UKLPG 
in 2016 and its membership comprises consultant 
histopathologists (full members) from across the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Interest in the uses and potential of digital 
pathology and artificial intelligence (AI) has 
grown in recent years. These technologies will 
influence the diagnosis and management of 
liver diseases.

WHAT THIS STUDY ADDS
 ⇒ This is the first study to examine the views of 
UK liver pathologists around digital pathology 
and AI and to highlight research priorities 
within liver pathology.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The authors anticipate that this will influence 
the direction of research for digital pathology 
and AI applied to liver disease, by highlighting 
the demand and concerns from the UK liver 
pathology community.
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UK who report liver specimens in their clinical practice.18 The 
UKLPG is also responsible for running the UK liver pathology 
External Quality Assurance (EQA) scheme, and therefore, 
encompasses the vast majority of histopathologists who report 
liver cases from across the country. An academic subgroup of 
the UKLPG membership formed in 2020 to collaborate and 
focus on the development of digital pathology and AI for use in 
liver disease. Acknowledging the growing interest in this area, 
the group aimed to understand current attitudes and research 
priorities of UKLPG members for digital pathology and AI, and 
to report this to the wider research community.

METHODS
Study design
A cross- sectional survey was developed by three members of the 
UKLPG (CM, JW and DTr) from February 2021 to April 2021. 
Broader consultation across a series of meetings with the digital 
pathology and AI academic subgroup of the UKLPG involved 
exploring experiences and opinions of group members, consid-
ering publications in this area and identifying areas of clinical 
utility for these technologies to inform the survey content. 
Further discussions with a qualitative researcher (RR) took place 
in helping to inform the design and content of the survey. The 
rationale for canvassing opinion from the UK liver pathology 
community and the full survey were reviewed and approved by 
the UKLPG committee prior to distribution. The authors are not 
aware of any studies attempting to gather opinion from the UK 
liver pathology community on the subject of digital pathology 
and AI prior to this exercise. The survey comprised a total of 
50 questions, divided into 11 sections of multiple choice ques-
tions (MCQs) and 2 free text questions at the end to allow open 
responses. For MCQs addressing topics on digital pathology 
and AI, the answers were selected from a five point grading 
system from ‘strongly disagree’ to ‘strongly agree’ and there was 
an additional sixth option to state ‘don’t know’ if needed. The 
survey aimed to assess attitudes to digital pathology and AI for 
use in liver disease, respectively. The full text of the question-
naire is in online supplemental document 1.

Survey distribution
The survey was circulated to all full members of the UKLPG via 
email (CM and JW) with a link to the SurveyMonkey online tool 
(www.surveymonkey.com) and included accompanying guid-
ance for completion. It was sent to members in a routine mailing 
list email and was not mandatory to complete. Responses were 
collected from April 2021 to May 2021, and reminder emails 
and a deadline extension were given to encourage participation 
(CM and JW).

Data analysis
Analyses for each question were performed using Microsoft 
Excel software (CM). Given the range of knowledge levels 
across the community, with some members having no experi-
ence and others with extensive experience of these technologies, 
none of the questions were mandatory. Some questions allowed 
more than one response to gather a wider reflection of partic-
ipant experience. Therefore, the summary data are given on a 
per question basis. Despite this, responses ranged from totals of 
40–42 responses per question from the total of 42 participants, 
as only a maximum of two respondents skipped any individual 
question.

UKLPG membership involvement
Members of the UKLPG were involved throughout the concep-
tion of the work, study design, survey approval and distribution, 

analysis and interpretation of the data. Results of the survey 
were presented at the UKLPG annual meeting in December 
2021, providing opportunity for further discussion, involvement 
and questions from the entire membership.

RESULTS
Survey participants
A total of 42 of 116 consultant members of the UKLPG 
completed individual responses to the email survey, representing 
36% of the full membership. Respondents were from a mixture 
of healthcare settings including transplant centres 26% (11/42), 
tertiary non- transplant centres 48% (20/42) and secondary care 
/ district general hospitals 26% (11/42). Table 1 demonstrates 
participant characteristics by cases reported. The participant 
reporting rates of liver specimens varied from <20 per year 
(5%) to >500 per year (12%). All pathologists at transplant 
centres declared reporting at least two hundred liver cases per 
year, those at tertiary non- transplant centres reported between 
20 and 500 cases and pathologists in secondary care/ district 
general hospitals (DGHs) reported between 1 and 500 cases. 
Response rates for all possible MCQ responses are shown by 
number of cases reported per year. Completion rate was 99% or 
more for all those who report 20 or more liver cases per year.

Prior experience of digital pathology and AI
Respondents were asked about their experience to date of using 
of digital pathology and AI. This included use in primary diag-
nosis, second opinion, research, teaching and EQA. Respon-
dents could select multiple options and results are shown in 
figure 1. Ninety per cent (38/42) of participants had used digital 
pathology for EQA, followed by 64% (27/42) for teaching and 
training. Use for primary diagnosis and second opinion was 
reported in 26% (11/42) and 21% (9/42) of cases, respectively, 
and only one participant (2%, 1/42) had no experience of using 
digital pathology. Other examples in the comments included 
acquiring a scanner to trial the technology to assess where it may 
be useful. Of those reporting 200 or more liver cases per year, all 
had prior experience of digital pathology.

As AI is not yet available for routine clinical use by UK histopa-
thologists (apart from a few exceptions), questions on experience 
of AI focused on a research setting. Figure 2 outlines participants 
descriptions of their levels of experience with AI research. The 
majority of participants (57%) had no prior experience but had 
a general interest in AI development for histopathology. Twelve 
per cent of respondents had no prior experience, knowledge or 
interest in AI research.

Digital pathology
Twelve uses and considerations for digital pathology were 
explored in this section of the survey, with responses shown in 

Table 1 Survey participant characteristics by case reporting numbers

No of cases reported per year <20 20–49 50–199 200–500 >500

Total participant responses n (%) 2 (5) 10 (24) 15 (36) 10 (24) 5 (12)

Transplant centre n (%) 0 (0) 0 (0) 0 (0) 6 (14) 5 (12)

Tertiary non- transplant centre n (%) 0 (0) 4 (10) 13 (31) 3 (7) 0 (0)

Secondary care/District General 
Hospital (DGH) n (%)

2 (5) 6 (14) 2 (5) 1 (2) 0 (0)

Total response rate across all MCQs 
(%)

62 100 100 100 99

MCQs, multiple choice questions.
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figure 3. For primary diagnosis of liver specimens, 83% (34/41) 
of respondents either agreed or strongly agreed that digital 
pathology could be useful. Ninety per cent (37/41) of respon-
dents either agreed or strongly agreed that digital pathology 
could be useful for obtaining second opinions. Digital pathology 
was also identified as useful in both research and training/educa-
tion, where 85% (35/41) and 95% (39/41) of respondents, 
respectively, either agreed or strongly agreed with its utility 
in these areas. There was less certainty when asked if digital 
pathology would improve accuracy of diagnosis, with the largest 
group of respondents at 37% (15/41) reporting to be undecided. 
However, flexible working was identified as a benefit of digital 
pathology with 90% of participants responding with ‘agree’ or 
‘strongly agree’ when asked about this.

Artificial intelligence
Twenty- four topics were examined across four MCQs, exploring 
uses and potential of AI in pathology. Responses to many of 
these questions are shown across figures 4–6. It is not possible 
to include all questions within figures in the main paper. There-
fore, questions with most agreement in the responses given 
are highlighted with the full responses are included in online 
supplemental document 2. For general concepts where AI may 
improve practice (figure 4), 90% (37/41) of respondents agreed 
or strongly agreed that AI could improve the range of tools avail-
able to the histopathologist in their clinical practice. Improving 

the consistency of diagnosis and the potential for understanding 
tissue features not currently recognised by pathologists, 63% 
(26/41) and 65% (26/40) of participants either agreed or strongly 
agreed with these concepts. Again, there was less certainty 
around the ability of AI to improve the speed or accuracy of 
diagnosis with 27% (11/41) and 34% (14/41) undecided.

When exploring the utility of AI by liver disease groups 
(figure 5), 80% (33/41) of participants identified fatty liver 
diseases as an area where AI could be useful for their clinical 
practice. Fifty- nine per cent (24/41) of participants either agreed 
or strongly agreed that AI would be useful for diagnosis and 
assessment of neoplastic liver diseases. There was less certainty 
for inflammatory liver diseases and biliary diseases, but still 44% 
(18/41) and 41% (17/41), respectively, of participants agreed or 
strongly agreed that AI would be useful in these contexts. Forty- 
three per cent (17/40) of participants responded ‘don’t know’ 
when asked about utility in transplantation.

Respondents were asked about 14 specific tasks where AI 
could potentially be applied in clinical practice. The list of tasks 
was derived from reviewing the literature and from the consulta-
tions prior to the design of the survey. The tasks where there was 
most recognised utility are shown in figure 6. Ninety- three per 
cent (38/41) and 88% (35/40) of participants agreed or strongly 
agreed that quantifying steatosis and quantifying collagen would 
be useful in their clinical practice, respectively. Other quan-
titative tasks (eg, counting bile duct or portal tract numbers), 

Figure 1 Responses for participants experiences of digital pathology for a range of purposes. EQA, external quality assurance.

Figure 2 Responses for participants descriptions of their AI experience, knowledge and interest. AI, artificial intelligence.
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identifying copper associated protein and identifying ballooning 
or Mallory bodies were also of interest to the liver pathologists 
with 78% (32/41), 78% (32/41) and 60% (24/40), respectively, 
either agreeing or strongly agreeing that AI for these tasks would 
be useful. There was less certainty with tasks such as predicting 
patient outcomes in medical liver diseases and neoplastic diseases 
with responses in both cases at 41% (29/41) indicating that they 
were undecided. Although, identifying lymphovascular invasion 
was highlighted as another potentially useful task with 59% 
(24/41) of participants agreeing or strongly agreeing with this 
concept.

Concerns
Eight areas of potential concern around the impact of AI on liver 
pathologists were explored. In this question, participants were 
most concerned about AI being developed for pathology labora-
tories without the involvement of a histopathologist, with 73% 
(30/41) responding ‘agree’ or ‘strongly agree’ when asked about 
this. This was followed by 63% (26/41) of respondents agreeing 
or strongly agreeing that AI may struggle with existing digital 
systems. However, when asked whether AI is likely to replace 
pathologists in the future, the majority were not concerned 

Figure 3 Responses for concepts around digital pathology.

Figure 4 Responses for areas where AI may improve practice generally. AI, artificial intelligence.
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about this with 63% (26/41) responding ‘disagree’ or ‘strongly 
disagree’.

Comments
At the end of the survey, two free- text questions asked partici-
pants to first highlight priority areas of digital pathology or AI 
research and second to make any other comments. Common 
themes in research priorities included quantitative tasks, fatty 
liver diseases, neoplastic liver diseases, improving variation 
between pathologists and practical benefits of digital pathology 
(eg, accessing archive cases, sharing images at meetings, collabo-
ration and seeking second opinions). Comments were in keeping 
with the findings of the quantitative questions. Example quotes 
from the first free text question included: ‘help with grading of 
assessment’, ‘estimation of the amount of fatty change, fibrosis 
and inflammation’, ‘ALD/NAFLD (alcohol- related liver disease 
and non- alcoholic liver disease) when biopsies done’, ‘grading 
and typing of HCC’ (hepatocellular carcinoma), ‘reduction of 
inter/intraobserver variation’, ‘marking, measuring, photo-
graphing and use for teaching would all be improved’, ‘cross site 
collaboration’ and ‘national network so that digital slides can be 
viewed from anywhere’.

A range of points were raised in the final open question, 
with many expanding comments on the earlier questions and 

discussing benefits and concerns around the technologies. Exam-
ples of comments from this question were: ‘This is not only 
coming but has arrived. Pathologists have largely been resistant, 
indifferent or ignorant. We need to get ahead of the curve.’, 
‘Should be done on a global basis and not piecemeal roll out’, 
‘Requires pathologist input for development’, ‘The hype that 
advocates perpetuate in AI does everyone a disservice.’, ‘Digital 
pathology may not fulfil its potential for substantive pathologists, 
training and improving patient care’ and ‘If AI is widely adopted 
and proves to be useful, we need to rethink the specialty, training 
etc and be realistic about future’.

DISCUSSION
Key findings
Recent developments in digital pathology and AI have impacted 
many areas of pathology, including liver disease.10 19 A survey 
published in 2018 examined the access and usage of digital 
pathology across UK pathology institutions, and this showed 
that there was great interest in digital pathology at that time.20 
This survey also demonstrated that 41% of institutions were 
already using image analysis on digital slides in some capacity 
and there have been many developments in this field since the 
study was performed. While the 2018 survey was conducted at a 

Figure 5 Responses for AI utility by disease group. AI, artificial intelligence.

Figure 6 Responses for task specific uses for AI. AI, artificial intelligence.
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more general and departmental level, and so direct comparison 
is difficult, it is notable that 60% of departments at this time 
had access to a digital pathology scanner but 58.8% of these 
reported that they did not produce any digital slides. Those who 
reported producing digital slides varied from 50 to 300 000 
slides produced per year. This study of liver pathologists showed 
that only 2% (1/42) of participants had no experience of digital 
pathology and perhaps reflects wider general accessibility of 
digital slides compared with this earlier study. As well as uses 
of digital pathology for tasks such as primary diagnosis, second 
opinions and education; the availability of this technology facili-
tates the application of image analysis and AI.10 21 22 Image anal-
ysis techniques have been established in liver pathology research 
over several decades23–26; however, more recent AI techniques 
such as deep learning have generated high levels of interest and 
hold promise for future clinical applications.13 19 27

This study demonstrates the appeal and potential of digital 
pathology and AI to the clinical practice of liver pathologists. 
The majority of respondents had experience of using digital 
pathology and most were interested in the potential applications 
of AI. The usefulness of digital pathology for primary diagnosis, 
second opinions, research and teaching and training were all 
highlighted. As deployment of digital pathology is currently 
ongoing across the National Health Service (NHS), these find-
ings emphasise current demand and recognition of utility within 
liver disease. Liver pathologists saw promise in AI expanding the 
range of diagnostic tools available to them and improving the 
consistency of diagnosis. However, there was uncertainty about 
its potential to improve the speed and accuracy of diagnosis. 
Although, it must be acknowledged that AI is not currently in use 
in the vast majority of laboratories, and so uncertainty around 
how it will function is not surprising. This was a brief snapshot 
survey of opinions around digital pathology and AI, intended to 
maximise participation from UK liver pathologists. It was there-
fore not possible to explore more extensive details such as precise 
numbers or proportions of digital cases reported, the digital 
pathology platforms used, the data storage solutions in place and 
the areas of AI research that some participants were working in, 
but these areas could be examined in future work. The comments 
illustrated some additional information about these topics, with 
one participant reporting that digital pathology was being ‘…
implemented for primary rapid/urgent diagnosis and for second 
opinion’. Another reported trialling the use of digital pathology 
in principle. Several participants indicated issues with existing 
NHS information technology (IT) infrastructure as being poten-
tial barriers to using digital pathology for more cases. However, 
there were requests for digital pathology to be made available for 
use in a range of contexts included within the comments. There 
was also awareness of a variety of potential clinical applications 
of AI from many participants.

Fatty liver diseases and neoplastic liver diseases were deter-
mined as areas of demand for the application of AI, and many 
comments from participants discussed specific applications of AI 
for both of these disease groups. Transplantation was an area of 
uncertainty in terms of AI utility, however, this likely reflects that 
the majority of respondents (74%) do not practice routinely at 
transplant centres.

The task- specific questions and participant comments showed 
a focus on quantitative tools with the aim of removing some 
of these time consuming tasks from their practice. Identifying 
objects that may be difficult or laborious for a liver pathologist 
to find such as ballooning, Mallory bodies, copper associated 
protein and vascular invasion were highlighted as well. Partic-
ipants were undecided regarding the potential of AI to predict 

patient outcomes. This may reflect the increased complexity of 
this task when compared with simple quantitation or the exis-
tence of alternative tools in place to do this.

Key concerns to acknowledge were the potential lack of 
involvement of pathologists in AI development and the imple-
mentation of AI tools within existing digital systems and infra-
structure within laboratories. These are concerns that will need 
to be addressed to achieve future successful implementation of 
AI products. Finally, it is of note that the majority of liver pathol-
ogists are not concerned (63%) that AI could replace them in 
the future.

Study limitations
While the response rate (36%) was good for an unsolicited email 
survey, there is a possible non- response bias when accounting 
for members who did not participate. To reflect the varying 
knowledge levels of the participants, not all questions were 
mandatory and so responses ranged from 40 to 42 responses 
per question from the 42 participants, and a non- response bias is 
possible here. It should be acknowledged that current variation 
in levels of experience and exposure to digital pathology and 
AI may have influenced responses both positively or negatively. 
This survey provides a useful snapshot of opinion at one point 
in time, and this may change with rapid advancement of these 
technologies. A formal Delphi exercise could be explored in the 
future to follow this initial piece of work and to expand on the 
themes identified here.

CONCLUSION
Given the current pace of change on a national scale in the UK, 
with increasing availability of digital pathology solutions and a 
growing body of AI research, this survey aimed to gather current 
attitudes and priorities around both of these technologies. 
Demand for digital pathology access and numerous applications 
of AI for tasks to aid the liver pathologist in clinical practice 
were identified. Findings highlighted within this study could be 
used to help inform the direction of future research within this 
field, to outline current areas of need and also potential concerns 
when implementing these tools.
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