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Abstract

Background: Despite growing positive evidence supporting 
the potential utility of differential diagnostic generator (DDX) 
tools, uptake has been limited in terms of geography and set-
tings and calls have been made to test such tools in wider 
routine clinical settings. This study aims to evaluate the fea-
sibility and utility of clinical use of Isabel, an electronic DDX 
tool, in a United Kingdom (UK) general practice setting.
Methods: Mixed methods. Feasibility and utility were 
assessed prospectively over a 6-month period via: usage 
statistics, survey as well as interview data generated from 
clinicians before and after Isabel was available for clinical 
use. Normalisation process theory (NPT) was utilised as a 
sensitising concept in the data collection and analysis of 
the qualitative data.
Results: Usage was extremely limited (n = 18  searches). 
Most potential users did not utilise the program and of 
those that did (n = 6), usage was restricted and did not 
alter subsequent patient management. Baseline interview 
findings indicated some prior awareness of DDX tools and 
ambivalent views with regards to potential utility. Post-
use interviews supported analytic data and indicated low 
usage due to a range of endogenous (professional) and 
exogenous (organisational) factors.

Conclusions: In its current form, this small exploratory 
study suggests that Isabel is a tool that is unlikely to be 
utilised on a routine basis in primary care, but may have 
potential utility for diagnostic support in (1) education/
training and (2) rare and diagnostically complex cases.

Keywords: accuracy; diagnosis; Isabel; primary care; 
qualitative; uncertainty.

Introduction
Differential diagnosis (DDX) generators are electronic 
diagnostic aids or tools. User interfaces of DDX tools 
allow users to input clinical data (e.g. symptoms), and 
outputs consist of retrieved lists of differential diagno-
ses. Such tools are capable of rapidly searching large 
electronic, medical databases and are predominantly 
web-based, facilitating easy access and flexibility in use 
while being continuously updated to reflect current evi-
dence. The tools are designed to be interactive so that 
they support the clinical diagnostic process, in terms 
of providing a differential diagnosis list of potential 
diagnoses and therefore utilised as a helpful adjunct to 
clinical acumen, rather than simply providing a single 
‘correct’ or most probable diagnosis. Evidence to date 
suggests that DDX tools can provide accurate diagnostic 
suggestions [1–3] as well as potentially improve practi-
tioners’ diagnostic performance in multiple ways (e.g. 
information gathering, generating differential diagno-
ses, weighting diagnoses) [3, 4] and have been discussed 
as a potential tool to improve diagnosis in the recent 
National Academies of Science and Medicine (NAM) 
report [5] which also highlights that evidence to under-
stand the performance of DDX tools in routine clinical 
practice is currently lacking.

Despite growing positive evidence supporting the 
potential utility of DDX tools in supporting diagnostic 
decision-making, uptake has been limited in terms of 
geography and settings with evidence and usage stem-
ming predominantly from the United States and hospital 
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secondary care settings [1]. The challenges for diagnostic 
decision-making in primary care differ from secondary 
care because of the need to take into account presentations 
with undifferentiated symptoms in contrast to secondary 
care where patients often present with a working diagno-
sis. It has been suggested, for example, that in 25–50% 
of patient visits to family physicians, no disease specific 
diagnoses are possible [6]. In primary care, the final diag-
nosis may not be elaborated until the passage of time or 
the development of further symptoms depending on the 
natural history of the presenting complaint. Furthermore, 
diagnoses within primary care are made in increasingly 
time-pressured and multi-agenda consultations [7]; it is 
within this complex context that there is increasing focus 
on the role of DDX tools as a means of providing a useful 
aid to the primary care clinician in order to come to a 
working diagnosis for treatment and appropriate manage-
ment to ensue. We sought to test whether such tools would 
have utility in aiding the diagnostic process of primary 
care clinicians in the UK by selecting one DDX generator, 
Isabel, for evaluation within a UK general practice setting.

Isabel (see Table 1 for summary of key features) was 
selected for this study as it has been shown in comparison 
to other available DDX tools, to provide the highest accu-
rate diagnosis retrieval rates [1] as well as clinical utility, in 
terms of users reporting that they found it ‘useful’ and that 
it offered diagnoses not previously considered by the clini-
cian [8, 9]. Conversely however, a survey of registered users 
found that Isabel was not considered useful or convenient 
by 90% of users [10]. Only one study to date has sought to 
assess Isabel for use in a routine UK primary medical care 
setting and focused on Isabel’s utility and uptake among 
clinicians. However, the outcomes were limited by poor 
uptake among potential users [10] with only 16 unique 
patient searches being conducted across four general prac-
tices over the 3-month evaluation period. Explanations for 
this may include a lack of regular reminders about the soft-
ware’s availability, lack of local implementation champi-
ons and a relatively short evaluation period. Additionally, 

there were also concerns about a lack of familiarity with the 
tool and the time taken to use it [5].

Materials and methods
Aims

In order to ascertain the feasibility of Isabel, a DDX tool, for routine 
primary medical care use in the UK, this study aimed to conduct a 
process evaluation of Isabel’s implementation within a UK general 
practice.

Setting

A large inner-city UK general practice in Greater Manchester, Eng-
land was selected. The practice consisted of approximately 18,000 
patients. The practice team included 17 general practitioners and two 
nurse practitioners who were invited to take part in the study.

Design

In relation to the second aim, a mixed-methods approach was taken. 
All clinicians (see Table 2 for sample details) with diagnostic respon-
sibility were invited for interview before and 6  months after Isabel 
was made available for use. In total, 20  semi-structured interviews 
(11 before and nine after) were conducted by SCS and RA, both expe-
rienced qualitative health service researchers. The interviews were 
digitally recorded and professionally transcribed. In addition to the 
interview data, both post-use survey and usage data were recorded 
by Isabel. All clinicians were trained and provided with free access to 
Isabel for a 6-month period (October 2014–March 2015). Fortnightly 
reminders about the availability of the system were sent via the prac-
tice’s electronic health records (EHRs) so that a reminder was visible 
when the GP logged into the system and one of the authors (AE) a sen-
ior GP of 23 years of service within the practice and still working three 

Table 1: Isabel – key features.

Web based diagnosis checklist system that can operate as a stand-
alone tool or as an integrated component of the electronic health 
record (EHR)
Interface requires patient’s age, gender, and positive clinical 
features plus travel history
The results, initially 10 diagnoses (more can be viewed with a single 
click), are displayed within seconds (<2 on average) including 
flagged ‘Don’t Miss Diagnoses’
Can be customised to suit local requirements
Powered by statistical natural language processing software

Table 2: Sample characteristics.

ID   Role   Pre and post data  Experience in primary care, years

1   GP   1  14
2   GP   0  1.5
3   GP   1  13
4   GP   1  18
5   GP   1  20
6   GP   1  9
7   NP   1  11
8   GP   0  1
9   NP   1  16
10   GP   1  12
11   GP   1  2

GP, general practitioner; NP, nurse practitioner.
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clinical sessions per week in the practice, acted as the local practice 
champion. At the start of the study period, AE provided all clinical 
colleagues (during an internal practice meeting of 1 h duration) with 
exemplars from the literature of where Isabel had been found to have 
previous clinical utility. AE also discussed, his personal usage of Isabel 
prior to the study period (both positive and negative) as evidence of 
potential (dis)utility and reminded colleagues of its availability for use 
at regular fortnightly practice meetings where all staff were present.

Qualitative data collection and analysis was guided by the use 
of the normalisation process theory (NPT) as a sensitising concept 
[11, 12]. Developed initially as a model for assessing the likelihood of 
complex interventions becoming implemented (i.e. workable and inte-
grated) into routine health care settings in relation to the work that is 
involved. The model was later expanded into a more general theory 
and provides a way to assess or predict whether new types of practices, 
in this case the use of a DDX tool, may become embedded into existing 
routines/work, in this case, diagnostic work within general practice. 
NPT has four main underlying constructs that influence implementa-
tion: coherence (i.e. meaning and sense making by the participants); 
cognitive participation (i.e. engagement and commitment by the par-
ticipants); collective action (i.e. the work needed to make the interven-
tion function); and reflexive monitoring (i.e. reflection and appraisal 
of the intervention by participants) [13]. We used NPT to create a 
framework to examine the context of implementation and combined 
this with a thematic approach to examine and refine emerging themes 
[14]. Two researchers read the transcripts independently (SCS and RA) 
and through comparative analysis independently noted down main 
themes and sub-themes that emerged. Key themes and quotes were 
circulated to all the authors for comments and discussion. A final set of 
themes and sub-themes were agreed by all authors. Atlas ti 6.2 qualita-
tive analysis software was used to support analysis (Berlin, Germany).

Ethics approval and consent to participate

Institutional ethical approval was granted from the University of 
Manchester Research Ethics Committee 2 (Ref. 14148) and in accord-
ance, written consent taken from all study participants.

Consent for publication

Written consent was taken from all participants regarding the use 
of their data for analysis and publication. All quotes are however 
anonymised in accordance with ethical procedures.

Results

Isabel analytics

Despite frequent reminders for clinicians to use Isabel 
on a regular basis, its usage was limited. No meaningful 
quantitative analysis could be conducted on the basis of 
usage statistics. The program was accessed 32 times and 

18 searches were conducted (see Figure 1). The post-usage 
survey was completed 11 times (see Table 3). Results indi-
cate that Isabel broadened the clinician’s differential in 
64% of (7/11) cases however, in terms of wider utility, in 
the vast majority of cases, Isabel did not affect referral or 
management decisions. The reasons for this low usage are 
confirmed (i.e. the two types of data were triangulated) 
and elaborated upon in the qualitative element of the 
study.
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Figure 1: Isabel usage frequencies for 6-month study period 
(October 2014–March 2015).

Table 3: Post-use Isabel Survey results.

1. How did Isabel PRO help with your differential diagnosis?
 (1) Confirmed my differential 2
 (2) Broadened my differential 7
 (3) No impact on my differential 1

2. Did Isabel PRO influence your referral decisions? If so, how?
 (1) No longer needed to refer (Go to 4) 0
 (2) �No longer needed to use the consultant advice line 

(Go to 4)
0

 (3) No impact on my referral 9

3. If you did refer the patient, did Isabel PRO:
 (1) Help you refer more appropriately 3
 (2) Have no impact 7

4. �Isabel PRO impacted your management plans by: (check all that 
apply)

 (1) Ordering a diagnostic test 3
 (2) Cancelling a diagnostic test 0
 (3) Ordering a medication 1
 (4) Cancelling a medication 0
 (5) No impact 6
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Qualitative results

Overall, just over half of participants (6/11), showed some 
awareness of the existence of DDX tools and these six 
participants all expressed some initial enthusiasm and 
understanding surrounding their potential utility, par-
ticularly with regards to supplementing and aiding the 
diagnostic process in areas they felt less proficient in, as 
well as for rare or complex cases:

“I think it could be really helpful at times, I think particularly on 
areas that I [sic] aren’t my…I don’t feel very confident in ortho-
paedic medicine, so if I had somebody with knee pain and little 
toe pain, to put it in and come out with a diagnosis it would be 
interesting, yes”. (GP01, baseline interview)

“[Isabel] could be really helpful, in highlighting overlooked things. 
And there are, I’m sure, some rarer conditions that are more often 
overlooked, which is a double whammy, in terms of impact for the 
patient.” (GP04, baseline interview)

On the other hand, some participants with no prior 
awareness of the existence of DDX tools or their potential 
application to primary care were ambivalent to the use of 
such tools once a description of the tools and potential 
utility was provided to the participant by the interviewer. 
However, any initial enthusiasm, did not necessarily trans-
late into routine adoption of the Isabel tool during the eval-
uation period by any participant, with only six participants 
describing utilising Isabel on one or more occasions. This 
poor uptake was a consequence of a range of factors that 
negatively influenced implementation. They ranged from 
endogenous individual and professional factors (including 
concerns over: time for use within the consultation; not 
perceiving it as a routine tool, the impact on the patient 
relationship as well as impact on the diagnostic process 
in terms of the cognitive work clinicians undertake); to 
exogenous organisational factors around contextual inte-
gration such as a lack of integration of Isabel into the EHR 
and no collective engagement. Such factors are discussed 
in relation to broad NPT constructs to illustrate why Isabel 
in its current form is unlikely to become normalised within 
primary care consultations for routine diagnostic work.

Sense-making: prior-, post-use and actual 
use

Despite participants indicating mostly positive or at a 
minimum, ambivalent views on the potential utility of Isabel 
prior to their experience of or ability to use Isabel, Isabel 
was not perceived to bring additional utility to the diagnos-
tic process by those who actually utilised it. It was felt to be 

too time consuming and cumbersome, producing too many 
outputs including improbably rare conditions which then 
required further time for the clinician to sift through. When 
requiring diagnostic support, participants described either 
asking for a colleague’s opinion or using existing electronic 
resources that they were already familiar with:

“But there are two aspects of the use: firstly online, I don’t have 
the time, if I’m here every second counts. Every second I’m using 
my time. Secondly, …I have other means, [and] use it [sic].” 
(GP05_6-month interview)

“… there are two things that I think that I do need, one is some-
thing like a differential diagnosis and the other is drug interac-
tions, because that’s another thing that I go to different websites 
for. So this is another good thing because the one I’m using at the 
moment that’s more text based, so it doesn’t give me too much of 
a list to go through”. (GP09_6-month interview)

“I think it was a rash and I wasn’t sure what it was and I used 
it and the list that I came up with, I didn’t find it very helpful. I 
still went through it. I ended up referring back to teledermatol-
ogy because it’s a very useful service and they came up with the 
answer”. (GP11_6-month interview)

The typical consultation was described as containing 
multiple competing agendas and only tools or methods 
which would facilitate the processing of that work were 
valued and utilised. Isabel, however, was not seen as 
helpful to the processing of diagnostic work within the 
consultation and/or good enough to replace any pre-exist-
ing electronic resources or methods.

Professional reasons were also cited for a lack of uti-
lisation, such as concerns for potential interference with 
the clinician-patient relationship as well as hindering the 
cognitive processes when making a diagnosis as well as 
knowing when to use it:

“I wouldn’t use it when the patient was there, because I think it 
would bring up things that would perhaps frighten them, and you 
get this list of… hundreds of different things, that could mean 
death… I don’t think that’s always helpful. And I would look 
at it afterwards, perhaps when I’m mulling things over on one 
of those patients I really wasn’t quite sure…” (GP05_6-month 
interview)_

“I think, on the whole, I’m not sure where it’s going to sit in the 
mental processes, given that most of what we do is pattern recog-
nition and then testing that out. And we do it incredibly early on, 
in the thinking process. A few seconds in. So I’m not quite sure, at 
what point, people would choose to try it out”. (GP03_6-month 
interview)

Of those who held wholly negative initial opinions of 
Isabel (n = 5), the exposure to Isabel via training and free 
access to the program, did not appear to subsequently 
influence their views:
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P:	� “I will be honest, maybe I was a bit negative about Isabel to 
start with, if you remember? So that might have influenced 
how I used it or how I looked at it.”

I:	� “And now that you have used it, has your perception changed 
at all?”

P:	� “I still will go with the same opinion that I had initially”. 
(GP11_6-month interview)

Finally, some participants felt that Isabel may have a 
place in supporting diagnostic work but in specific areas 
such as training, in helping with rare or diagnostically 
complex cases (which would be difficult to define a priori) 
or that the technology was more suited to secondary care 
settings:

“It was great to look at stuff that we will never, ever see in general 
practice, but…or rarely see. If we do, it’s one in a million. But it’s 
good for that…when you’re looking at that stage, is it here that 
that patient is going to be? Or is it the hospital? Because our…you 
know, you get to the level of your diagnostic tests available. You 
know, we can’t do CTs and things. We can’t get more detail. So 
is Isabel for here or is it for here and also for secondary care?” 
(GP03_6-month interview)

“You know it will probably help you learn, help me collaborate my 
knowledge in the skills…” (GP06 6-month interview)

“You see, I’m not completely against it…because if I don’t know 
anything I’m going to use it as a learning tool as well at the 
same time…So if I think it is generating things that I didn’t know 
which is prompting me to learn more so it’s good, isn’t it?” (GP11 
6-month interview)

“I think Isabel is a good programme, it’s primarily more orien-
tated to a hospital setting. But again you can modify it to [be] 
user friendly…” (GP05_6-month interview)

Embedding Isabel into the 
consultation
Technology use is a routine part of UK primary care con-
sultations in the form of EHRs. However, as described 
earlier, clinicians already feel some concerns about the 
impact of technology on clinician-patient interactions 
and expressed further concerns when introducing other 
electronic resources which may further impinge upon 
this, especially those which do not seamlessly fit into 
their workflow and/or produce no added value to exist-
ing resources. Those who did utilise Isabel, did so after or 
outside of the consultation:

I:	� “Did you use any…Isabel within those consultations?”

R:	� “Yes, I would say probably, rarely actually when I had the 
patient with me. It was probably with cases which are very 

complex and uncertain. And it would be at a later stage, that 
yeah, you’d have the time maybe, to go in and just sort of put 
in, to bring up the differential really, and to see if there’s any-
thing that maybe, you’re not looking at really, in that respect.” 
(NP09_6-month interview)

A minority of participants felt that uptake may be 
improved if Isabel was integrated into the EHR as there 
were no prompts or other apparent incentives to utilise 
it. Thus, technological logistics hindered potential and 
actual Isabel use even in participants who felt they 
required diagnostic support and who were initially posi-
tive regarding DDX use:

“I suppose if you put it on computers as icons, we could just bring 
it up. That never happens as far as I’m aware, so…that would 
have been easy. I could just click on it. But then have to go, log 
in…remember my logins…if you’re not using something every 
day, it…you just tend not to use it unless it’s really easy to do. 
So if it on was, like…or perhaps I could link to it from EMIS and 
all the patient demographics automatically went through…That 
would be…that would save time. That would probably make it 
more useful”. (GP03_6-month interview).

“I think the other thing, if I’m honest, I think it probably, sort of, 
falls off my thought list, if you know what I mean. I don’t…I, sort 
of, forget it’s there and just don’t use it, you know”. (GP01_6-
month interview)

Collective engagement and resourcing for 
Isabel implementation

Despite the presence of a local Isabel implementation 
champion (AE), the provision of training on Isabel, free 
access to the tool and regular reminders at practice meet-
ings of the tool’s availability for use, it was clear from par-
ticipants’ accounts that Isabel had not become normalised 
for use within individual consultations or as a valued tool 
more widely within the organisation. Clinicians described 
little collective enthusiasm for the tool with no positive 
feedback from their colleagues which could act to posi-
tively affect uptake:

“I guess if a few people had come back, you know, if we talked 
about it and they said, oh, you know, I typed it in to Isabel and it 
came up with this and sure enough, that’s…sort of, like that…I 
suppose there hasn’t been, sort of, any…and I just, sort of think, 
oh I must remember, you know…I must try that next time. And 
there hasn’t been that…or I haven’t been involved in any, sort of, 
positive discussions, I suppose to remind me to continue to use 
it”. (GP01_6-month interview)

Finally, once Isabel was available for use, there was 
little requirement for any other practice resources to 
aid implementation/normalisation except for the time 
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required for the individual clinician to use to the tool. As 
described previously, suggestions to improve this aspect 
of utility surrounded the tool’s integration into the exist-
ing EHR.

Discussion
This small, pragmatic and exploratory study aimed to 
evaluate the feasibility and utility of Isabel, an electronic 
DDX generator tool, in a UK general practice setting.

Our process evaluation indicates that Isabel is 
unlikely to become normalised within UK primary care 
in its current form despite implementation measures to 
enhance the likelihood of adoption. Data triangulation via 
the combination of the analytics data and qualitative find-
ings, indicated both low usage and that a range of various 
underlying and complex factors, both endogenous and 
exogenous in nature contributed to this. GP views on the 
lack of ‘added-value’ to existing diagnostic support mech-
anisms, time to use the tool, concerns for the clinician-
patient relationship and its lack of integration into the 
EHR/diagnostic workflow dominated. Similar concerns 
are also reported elsewhere in the literature on introduc-
ing diagnostic support tools into UK primary care medical 
practice [15]. Potential utility for the tool was suggested 
for rare or diagnostically complex cases as well as high-
lighting knowledge gaps potentially providing an impetus 
for directed learning. However, even these uses would 
still constitute limited usage as opposed to more routine 
use of the tool, and even then only when other existing 
electronic resources did not meet clinicians’ diagnostic 

support needs. Individual/professional views or ‘sense-
making’ with regards to Isabel, were therefore the largest 
barrier to Isabel implementation. In terms of feasibility 
and utility, only one other study [10] has sought to assess 
Isabel for use in a routine UK primary medical care setting 
and our findings therefore support this study and suggest 
that Isabel is unlikely to become normalised in this setting 
in its current form.

These findings suggest that primary care clinicians in 
the UK do not currently see a place for Isabel to become 
a routine part of their diagnostic work within the consul-
tation. Primary care in the UK is a challenging environ-
ment for the introduction of a new diagnostic support tool. 
Firstly, the typical primary care consultation is complex 
with multiple and competing agendas [7]. Secondly, diag-
nostic work only forms part of the work within that con-
sultation and therefore a tool which appears cumbersome, 
producing a huge range of outputs for the clinician to work 
through, many of which rare with low diagnostic possibili-
ties, is unlikely to be valued. This is potentially why study 
participants suggested that the tool was more appropriate 
to a secondary care environment. We suggest that this is 
because the primary care diagnostic environment is typi-
fied by patients with undifferentiated symptoms leading 
to a wider range of potential diagnostic possibilities. As 
a result, the secondary care clinician has more capability 
and capacity to work through and refine their diagnostic 
thinking alongside the potentially expansive outputs from 
a tool like Isabel. For example, clinicians in secondary care 
are able to order and receive diagnostic tests and gather 
other diagnostic information rapidly which allows for 
rapid assimilation and decision-making. Finally, second-
ary care clinicians have also had the added benefit of their 

Table 4: Key recommendations based on study results to enhance the general utility of DDX tools to clinicians in UK primary care.

  Recommendations

Endogenous (professional) factors
 – Lack of awareness of DDX tools   Medical education needs to include the potential benefits of DDX tools to raise 

awareness amongst clinicians and provide/support DDX access during training and 
continuing medical education

 – �Concerns over impact on patient-
clinician relationship

  Evidence is required to design effective consultation skills training to manage DDX 
tools and minimise concerns for both clinicians and patients

 – �Uncertainty and variability as to when 
to use DDX tools

  Medical education should utilise current evidence to guide clinicians as to when to 
utilise DDX tools in the cognitive/diagnostic process

Exogenous (organisational/technology) factors
 – �Lack of integration of DDX tools into 

the EHR
  Integration and pull through of patient data from EHR to DDX tool would allow for 

improved workflow and improved uptake
 – Time   Lengthening of the consultation and refinement of the diagnostic lists/output 

would enhance the likelihood of clinical use

DDX, differential diagnostic generator; EHR, electronic health record.
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patients being filtered by the fact that a primary care refer-
ral has occurred, therefore already narrowing down the 
diagnostic possibilities. Our propositions are supported 
by the fact that tools like Isabel were in fact developed ini-
tially for a secondary care environment. Finally, a major 
barrier to introducing DDX tools in any clinical context is 
that clinicians are often unable to self-assess their diagnos-
tic capabilities [16] and identify if/when they need deci-
sion support and therefore a tool that would support their 
perceived diagnostic capabilities is unlikely to become 
normalised. Based on our findings, we highlight some key 
recommendations for improving the utility and uptake of 
DDX tools in Table 4 into general practice.

Utilising our study results and in the context of the exist-
ing literature, we propose that DDX tools like Isabel may 
have more utility and therefore are more likely to be adopted 
in two specific clinical areas. The first is in relation to rare 
diseases and/or diagnostically challenging cases. Rare diag-
noses were not part of our study samples but were suggested 
to be an area of use by participants. By definition usage 
would be extremely limited in a primary care context and 
identifying when to use a tool in the case of a rare disease is 
itself problematic. Nonetheless, tools specific to rare disease 
diagnosis are being developed [17, 18] and centres specialis-
ing in rare disease diagnosis, such as at the University clinic 
Marburg, Marburg, Germany are using such tools.

Secondly, there may be potential in terms of educa-
tion and/or training as our study shows that where Isabel 
was used, it was used outside the consultation as a means 
of learning rather than ‘real time’ help with a diagnostic 
problem. This may be explained by the concerns for the 
clinician-patient relationship as suggested in our find-
ings and by literature studying the implementation of 
other new initiatives/innovations into primary care [19]. 
Including the introduction of computers themselves into 
the consultation. Despite this, some clinicians did refer to 
Isabel being useful in highlighting knowledge gaps which 
means that any such gaps can be explored in more detail 
with directed learning outside of the consultation. Fur-
thermore, in an increasingly atomised medical environ-
ment where primary care physicians are working on their 
own and with increasing workload and time pressures, 
access to a tool like Isabel can act as an additional and 
independent source of advice.

Thirdly, the issue is when such tools should be used in 
the diagnostic process. Diagnostic errors occur most com-
monly due to cognitive errors [20] and issues in the diag-
nostic process such as premature closure (once a plausible 
diagnosis is identified alternatives are no longer consid-
ered), Availability bias (where a more likely [common] or 
a more familiar diagnosis is preferred or comes to mind 

more easily), Anchoring bias (relying on an initial impres-
sion and failing to adjust this impression in light of sub-
sequent information) and Framing effect or bias (where a 
diagnostic thought pathway is influenced in subtle ways 
due to the way the problem is presented) [21]. In order to 
mitigate against such sources of error, some recent work 
suggests that DDX tools should be used early on in the 
diagnostic process before GPs start gathering information 
to test hypotheses [22]. In order for Isabel and other DDX 
tools to be used in this manner, there is a critical issue of 
clinicians needing to recognise the requirement for diag-
nostic support, which our findings and other studies [16] 
suggest they do not at present. As suggested by our study, 
clinicians currently seemingly prefer to rely on their own 
clinical acumen occasionally referring to other decision 
support tools which they have prior experience of and 
which many only serve in a confirmatory manner. The reli-
ance on one’s own clinical knowledge is also supported 
by the fact that GPs typically operate in an individualistic 
manner within their own consultation rooms, they receive 
little diagnostic feedback and when it does occur, it is 
often delayed and confounding prevents the attribution of 
outcomes to clinical actions [23]. Until there is a recogni-
tion of these issues, in addition to the practical issues of 
pressurised consultations are addressed, we suggest that 
DDX tools like Isabel will be normalised into routine diag-
nostic work in UK general practice.

Finally, since the study was conducted, and due to the 
increasing pace of technological change and adoption, we 
comment briefly on this changing context for any future 
implementation studies of Isabel and DDX tools more 
widely for routine care in UK general practice. Firstly, the 
‘Big data’ revolution has become more widespread across 
industries and learning health systems are now discussed 
as part of national policy and research agendas within 
health care [24, 25] in the UK and globally. These develop-
ments have translated into real world improvements for 
prescribing and preventative medical interventions [23] 
including widespread use of clinical risk prediction tools 
[25]. Diagnosis, however, remains a key aspect of clini-
cal work within primary care for which the reach of deci-
sion support tools currently remains limited [23]. For how 
long this will remain the case is yet to be seen. Improve-
ments in the accuracy and filtering of differential lists to 
(Jason Maude CEO of Isabel, personal communication) 
allow a focus on more likely diagnoses will go some way 
to addressing some of the utility issues highlighted in our 
findings. The integration of Isabel into EHRs (currently 
not the case for the specific EHR in our study practice 
although feasible in others) would help with workflow. 
Furthermore, if the system were automated to commence 
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operation at the start of the consultation (upon the clini-
cian accessing the individual patient’s record) as is now 
indicated [22, 26], in order to align with and enhance the 
diagnostic cognitive process, then these actions could 
also potentially aid with the ‘embedding’ aspect of the 
technology. Despite these developments however, other 
issues remain as barriers including the perceived implica-
tions for the patient-clinician relationship and an increas-
ingly busy and pressurised primary care environment [27].

Strengths and limitations

This study provided an in-depth examination of the 
implementation of Isabel into routine primary care con-
sultations. It is only the second time that Isabel’s usage 
and potential for implementation within the UK has been 
studied. Like Henderson and Rubin [10] we adopted a 
theoretically guided approach to our data collection and 
analysis, however, we also adapted our study design to 
allow for a longer evaluation period (twice as long as Hen-
derson et al.s’) allowing us to assess whether ‘steady state’ 
usage was achieved and we also utilised a practice cham-
pion who was senior and well embedded into the practice 
organisation management in order to promote the techno-
logy locally. These measures may account for the higher 
usage seen in our study vs. Henderson’s. Our one practice 
sample and therefore limited number of participants may 
limit the transferability of our findings, however, the valid-
ity of our findings is supported by the fact when taken 
together, the various sources of data triangulated (survey, 
analytics and qualitative data) to all suggest the same con-
clusions, i.e. poor uptake of the current form of Isabel in 
UK general practice and are also supported by the only 
other evaluation study of Isabel in the UK [10]. We did not 
engage in EHR integration testing, which would require 
additional fees and an integration process but clearly this 
could be done to see if this improved perceived utility as 
highlighted in our discussion, however, our results suggest 
that this may have limited impact on uptake as clinicians 
held multiple concerns beyond the design features of the 
product. Finally, previous experimental studies of Isabel 
have been undertaken in controlled clinical contexts, and 
have used outcome measures such as rates of diagnos-
tic omission errors, unfavourable outcomes and ‘correct’ 
diagnoses, using more experienced clinicians as the gold 
standard reference [10]. It is arguably better, and as the 
NAM report suggests [5], to test the system by its intended 
users within their working environment which is what we 
have done here and assess the tools potential utility for 

those users. On this basis, our evaluation study suggests 
that its current form, uptake would continue to be limited 
and not normalised within in UK primary care.

Conclusions
This small exploratory study suggests that the use of Isabel 
as a differential diagnostic generator tool in its current 
form is unlikely to become normalised within routine 
primary care consultations in the UK. The reasons for this 
finding are multiple and complex, with both endogenous 
and exogenous factors, which may be unique to Isabel, 
DDX tools themselves and/or the diagnostic challenges of 
working within an increasingly pressurised primary care 
environment.
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