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2) PLAIN ENGLISH SUMMARY
Background

Online consultations allow patients to ask for help from their GP practice by completing a form on the
internet. They have been available in most English GP practices since May 2020.

GP practices can receive lots of completed online consultation forms at the same time, which means it
can be difficult for them to know which patients need urgent or emergency help. This can lead to delays
in patients getting the care they need.

We want to test if computers trained to spot urgent and emergency forms (Artificial Intelligence or ‘Al’)
can reduce these delays. We also want to know if Al works in the same way for all patients and whether
it is good value for money.

What will we do?

We will study an Al system that is already used in NHS GP practices. We will give it to 20 GP practices not
currently using it. We will measure the delays for patients receiving urgent and emergency help for 12
months before and after they start using the Al. We will compare this to 20 other GP practices that will
not use the Al. We will also measure whether the Al affects staff workload and whether it works in the
same way for patients from different backgrounds.

What difference will we make?

If the Al reduces care delays, patients who need urgent and emergency help will receive it sooner. We will
help the NHS and companies that make online consultation systems decide whether they should use Al.
We will help members of the public and GP practices understand what Al is and how they can use it to
benefit both patients and staff.

3) SCIENTIFIC SUMMARY
Background

Online consultations allow patients to contact their GP practice about their health problems using an
online form. Currently, 94% of GP practices in England use online consultations. PATCHS is an online
consultation system launched in 2020 by commercial company Spectra Analytics. Approximately 1000
(~20%) GP practices in England currently use PATCHS.

A risk of online consultations is that patients submit forms describing medical emergencies that are not
recognised quickly enough by their GP practice. To address this, Spectra Analytics developed artificial
intelligence triage (Al Triage) within PATCHS to alert patients and GP practice staff when a patient
describes a health problem that may suggest they require urgent or emergency treatment.

PATCHS Al Triage is a Class | (low risk) medical device and has been registered with the MHRA since
October 2021. It has NHS approval for use in clinical practice and meets NHS DCB0129 safety standards.
The intended purpose of PATCHS Al Triage is to assist patients and GP practice staff in making triage
decisions, not to replace human judgment. During this project, PATCHS Al Triage will continue to be used
within the scope of its intended purpose.

Al Triage is an optional feature of PATCHS and is currently available on request. GP practices must
undertake specific training to have it enabled. Approximately 200 (20%) GP practices using PATCHS (20%)
currently have Al Triage enabled — the remaining practices use PATCHS without Al Triage. Spectra
Analytics are satisfied with the performance and safety of PATCHS Al Triage and plan to offer it to the
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remainder of practices using PATCHS without Al Triage imminently. This presents a unique opportunity to
evaluate the use of an Al system in the NHS in a controlled way to generate much-needed high-quality
research evidence. To do this, we (The University of Manchester; UoM research team) have partnered
with Spectra Analytics.

Methods

There are two parts to this study: an interrupted time series analysis and a quantitative process
evaluation. A related qualitative process evaluation is described in a separate protocol (IRAS ID: 335429).
GP practices using PATCHS without Al Triage for at least 12 months will be eligible. Practices will be
randomised to either intervention (Al Triage now) or control (Al Triage later) groups using an approach
based on a Zelen design. We will aim to recruit a minimum of 20 intervention and 20 control GP practices
to achieve a sample size of at least 2928 urgent and emergency (combined) online consultations across
both intervention and control GP practices in the intervention period. Intervention practices will be
contacted by Spectra Analytics using their normal process for enabling Al Triage and will use Al Triage for
the 12-month intervention period. Control GP practices will not be contacted by Spectra Analytics until
the end of the 12-month intervention period — at which point they will be contacted in the same way. The
rationale for this approach is that Al Triage is a selling point of the PATCHS system so if control GP practices
are contacted, they may become disappointed and disengage from using PATCHS altogether (‘resentful
demoralisation’). Any GP practice using PATCHS without Al Triage can still request to use Al Triage at any
point during the study including control practices and those outside the study.

The primary outcome measure for the interrupted time series analysis will compare the proportion of
delays in completing urgent and emergency online consultations in intervention versus control GP
practices. The quantitative process evaluation will measure Al Triage implementation, uptake, and
accuracy. Anonymised data from PATCHS will be shared by Spectra Analytics with UoM for independent
analysis. When patients and GP practices use PATCHS they are informed their anonymised data may be
shared with UoM for research purposes. Patients can opt out of sharing data with UoM at any time using
a toggle button in the system without affecting their ability to continue using PATCHS.

Anticipated benefits

If Al Triage is effective, patients in recruited GP practices will experience fewer delays in receiving urgent
and emergency care, and this project will provide evidence for the wider adoption of Al Triage and Al
interventions in general in the NHS. Regardless of whether Al Triage is effective, evidence generated from
this project will be used to create help guides and toolkits on how to use Al Triage safely and effectively.

4) STUDY OBIJECTIVES

4.1 Primary Research Question:

1. What is the impact of Al Triage on delays in completing online consultations defined as urgent and
emergency by GP practice staff at the patient-level?

4.2 Secondary Research Questions:

Interrupted Time Series Analysis

2. What s the impact of Al Triage on the total number of appointments provided by GP practices?
3. What is the impact of Al Triage on the number of online consultations submitted by patients?

4. What is the impact of Al Triage on the number of online consultations assigned to clinicians?
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5. What is the impact of Al Triage on emergency department attendances and emergency hospital
admissions?

6. What are the cost consequences of Al Triage for GP practices and hospitals?
Quantitative Process Evaluation

7. What is the fidelity, dose, and reach of Al Triage and online consultations?
8. What s the accuracy of Al Triage in intervention practices?

9. What is the potential and observed change in triage behaviour?

Both Analyses

10. What is the influence of Al Triage on health inequalities?

5) OUTCOME MEASURES

Primary outcome measure

Our primary outcome measure is the proportion of delays in completing urgent and emergency online
consultations at the patient-level:

(delayed urgent online consultations + delayed emergency online consultations)
+ (total urgent patient online consultations
+ total emergency online consultations)

It was chosen because patients and clinicians we consulted during our PPl work felt it was the most
clinically important outcome measure. Delays will be measured by the difference between the date-time
that an urgent or emergency online consultation was submitted by a patient in PATCHS and the date-time
the consultation was completed in PATCHS by GP practice staff. Based on our PPl work, we will consider
an urgent online consultation delayed if it is not completed within 48 hours and an emergency online
consultation delayed if it is not completed within 24 hours. Online consultations that have not yet been
completed but were submitted by patients more than 48 hours previously at the point of data extraction
will be included. In intervention practices we define online consultations as urgent or emergency where
a GP practice staff member has applied a triage decision as either ‘urgent’ or ‘emergency’, or where Al
Triage predicts an online consultation as ‘urgent’ or ‘emergency’ which is unchanged by staff. We will
assume that patients who receive a signpost message and cancel their online consultation will have sought
care from other services and not experienced a care delay. In control practices we define online
consultations as urgent and emergency only if GP practice staff apply a triage decision as either ‘urgent’
or ‘emergency’.

Secondary outcome measures
Interrupted Time Series Analysis
Patient-level — binary

e  Proportion of delayed emergency online consultations at the patient-level (disaggregated primary
outcome measure; denominator=number of emergency online consultations)

e Proportion of delayed urgent online consultations at the patient-level (disaggregated primary
outcome measure; denominator=number of urgent online consultations)

e  Proportion of online consultations cancelled by patients at the patient-level (denominator=number
of online consultations)
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e  Proportion of online consultations assigned to clinicians (denominator=total number of online
consultations)

Patient-level — continuous

e Absolute time to completion for urgent and emergency online consultations (combined and separate)

e Absolute time to completion for routine online consultations

e Absolute time to first staff user action in online consultation system for urgent and emergency online
consultations (combined and separate)

e Absolute time to first staff user action in online consultation system for routine online consultations

GP practice-level — counts (workload measures)

e Proportion of total appointments provided by GP practices (denominator=GP practice population size
(1)

e  Proportion of online consultations submitted by patients (denominator= GP practice population size)

e  Proportion of patients with emergency department attendances (denominator=GP practice
population size (37))

e Proportion of online consultations with emergency department attendances (denominator=total
number of online consultations (37))

e  Proportion of patients with emergency hospital admissions (denominator=GP practice population
size (37))

e Proportion of online consultations with emergency hospital admissions (denominator=total number
of online consultations (37))

GP practice-level — continuous (cost measures)

e  Cost of clinicians processing online consultations within the GP practice per 1000 patients
e Cost of emergency department attendances and emergency hospital admissions per 1000 patients

Quantitative process evaluation
For readability, these are described in more detail in the statistical analysis section.

e  Fidelity, dose, and reach of Al Triage and online consultations

e Al Triage accuracy, true positive rate, true negative rate, positive predictive value, and negative
predictive value for predicting urgent and emergency online consultations (combined and separate)
in intervention GP practices

e  Potential triage behaviour change in control GP practices

e Observed triage behaviour change in intervention and control GP practices

6) STATISTICAL CONSIDERATIONS

6.1 Statistical Analysis
Interrupted Time Series Analysis

Design

Each intervention GP practice will be matched one-to-one with a control practice according to the
characteristics described above. At least 12 months of outcome data before, and following, the index date
will be available for analysis.

Descriptive statistics
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Characteristics of intervention and control practices and their patients, and those that crossed over or
declined the intervention, in terms of variables used for matching and all outcome measures, will be
compared descriptively and inferentially in the pre-intervention period using t-tests for continuous and
Fisher’s exact tests for categorical variables. Outcome measures will be plotted as monthly time series of
events across the pre- and intervention periods.

Modelling

To analyse binary patient-level outcomes, including our primary outcome measure (proportion of delayed
urgent and emergency online consultations; proportion of delayed urgent online consultations;
proportion of delayed emergency online consultations; proportion of online consultations cancelled by
patients; proportion of online consultations assigned to clinicians), we will use mixed-effects logistic
regression models with appropriate offset terms (number of urgent and emergency online consultations).
We will initially analyse data as a time series with a minimum of 12 time points (months) pre-intervention
and 12 intervention. The main exposure of interest will be membership to the intervention or control
group modelled as binary (0/1). Models will be adjusted for practice characteristics that we have been
unable to match during randomisation described elsewhere (e.g. patient population size). Where possible,
we will also adjust models for the following practice characteristics that may influence the primary
outcome measure: length of time using PATCHS without Al Triage, and other features enabled in PATCHS
(the system has several configurable features such as different Al modules). Time will be modelled as
continuous (1 to 24) to account for trends in the pre-intervention period. We will also attempt to include
month as a categorical variable to account for seasonality. The main parameter of interest will be the
interaction term between practice group (intervention vs control) and study period (pre- vs intervention);
post-estimation commands will be used to obtain estimates for each study period by practice group.

To analyse continuous patient-level outcome measures (absolute time to completion or staff user action
for urgent and emergency online consultations — combined and separate; absolute time to completion or
staff user action for routine online consultations) we will use mixed-effects linear regression models with
all other aspects of the analysis remaining the same.

If multiple online consultations are submitted by the same patient, we will randomly sample one per
patient for analysis. Multiple online consultations from the same patient are expected to be infrequent,
though if this approach adversely affects reaching our sample size target we will instead include all online
consultations with a patient-level variable in our models.

To analyse count GP practice-level outcome measures (proportion of total appointments provided by GP
practices; proportion of online consultations submitted by patients; proportion of patients with
emergency department attendances; proportion of online consultations with emergency department
attendances; proportion of patients with emergency hospital admissions; proportion of online
consultations with emergency hospital admissions) we will use negative binomial regression models with
appropriate offset terms for the denominators. For example, GP practice population size (40) or number
of whole-time equivalent GPs per 1000 patients (39).

Cost consequences of clinician, emergency department, and hospital admission contacts will be estimated
by multiplying counts by the relevant weighted average unit cost (42). The timeframe for the cost
consequences analyses will be limited to the 12-month period of implementation in the study. Impacts
on health and wellbeing outcomes will not be evaluated due to the variety of different health-related
reasons patients may present with, resources required to collect health-related quality of life measures
via primary data collection, and the retrospective nature of the pre-intervention period evaluation.
PATCHS is delivered across both comparator and treated practices so the cost of PATCHS itself will not
feature in the economic analyses. The costs of the intervention include the Al element of PATCHS and
training of this element to practices (funded centrally). We will explore the identification of these costs
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and, where feasible, the apportioning of these costs to practices. To analyse continuous GP practice-level
outcome measures (cost of processing online consultations within the GP practice per 1000 patients; cost
of emergency department attendances and emergency hospital admissions per 1000 patients) we will use
linear regression models with all other aspects of the analysis remaining the same.

Sensitivity analyses

Limitations with the above approach include that: staff triage decisions could be applied by non-clinicians
which could be systematically different to those applied by clinicians (43); we assume that patients who
receive a signpost message and cancel their online consultation have not experienced a care delay; and
the triage decisions made by GP practice staff may be highly variable. We will therefore conduct sensitivity
analyses where: we restrict triage decisions to those only made by clinicians; we exclude patients who
receive a signpost message and cancel their online consultation; we define online consultations as urgent
and emergency in intervention and control practices if they are predicted as either ‘urgent’ or ‘emergency’
by Al Triage. We will also conduct sensitivity analyses where we sub-sample practices and patients with
similar: baseline levels of the outcome measure, monthly volume of online consultations per 1000
patients, prevalence of urgent and emergency online consultations, agreement with Al Triage predictions,
contributions to Al Triage model training, and other variables matched during randomisation and model
adjustment where appropriate. Further sensitivity analyses may be undertaken based on findings from
the process evaluation (44), for example, we may find a cohort of practices that did not engage with the
Al Triage training, and we may test the hypothesis that Al Triage was less effective at reducing delays in
urgent and emergency online consultations for them. We will also explore using an alternative analysis
approach, interacting practice group with time and period to estimate the adjusted intervention time
series. For example, a difference-in-difference method pooling the outcome (and the offset) in the pre-
and intervention periods.

Health inequalities

We will use the pre-intervention period to assess for inequalities in the influence of patient characteristics
on experiencing urgent and emergency care delays in both the pre- and intervention periods. We will use
patient age, sex, ethnicity, socioeconomic deprivation, and non-English language usage as predictors in
our regression model to compare the probability of experiencing a care delay (45). We will also explore
the possibility of adding data on patient multimorbidity and frailty if available. If there is a main effect in
the outcome analyses, we will also use sub-group models for appropriate interaction terms in the main
models to explore the effectiveness of the intervention on population strata of interest described above.
We appreciate power will be lower for these investigations so these approaches will be exploratory, and
this approach assumes that there is a main effect for the primary and / or secondary outcomes.

Quantitative Process Evaluation
Fidelity, dose, and reach of Al Triage and online consultations

‘Fidelity’ is whether the intervention is delivered as intended (44). We will evaluate fidelity through counts
of how many practices have Al Triage switched on and the number and proportions of staff in each
practice that access online learning materials.

‘Dose’ is how much intervention is delivered (44). We will evaluate dose through descriptive analyses of
counts of online consultation usage submissions in both intervention and control practices in terms of
overall numbers and specific types of online consultations (for example, health problems or administrative
requests). In intervention practices, we will undertake descriptive analyses of counts of predictions made
by Al Triage (urgent, emergency, or routine).
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‘Reach’ is the extent a target audience encounters the intervention (44). We will evaluate reach in both
intervention and control practices through descriptive analyses of counts of patients that submit online
consultations, how many each they submit, counts of staff that process them (including comparisons
between clinical and non-clinical staff), and how many each they process. In intervention practices we will
include separate counts of staff that process online consultations that have been predicted by Al Triage
as urgent or emergency, and how many patients are presented with signpost messages.

Al Triage accuracy in intervention GP practices

We will calculate the overall accuracy (proportion of ‘correct’ predictions), true positive rate, true
negative rate, positive predictive value, and negative predictive value of Al Triage in intervention
practices. Our primary measure of accuracy will be for urgent and emergency online consultations
combined; secondary measures will assess urgent and emergency online consultations separately. There
is no gold standard test to decide the ‘correct’ triage decision for online consultations written by patients
in their own words. We will therefore use the triage decisions made by GP practice staff when processing
online consultations and consider their triage decision as ‘correct’. Where Al Triage predicts an online
consultation as ‘urgent’ or ‘emergency’ we will consider it a:

e True positive if the triage decision is not changed by staff, or if staff change the triage decision and
the highest triage decision applied by staff is ‘urgent’ or ‘emergency’.

e False positive if staff change the triage decision and the highest triage decision applied by staff is
‘routine’.

Where Al Triage predicts an online consultation as ‘routine’, we will consider it a:

e True negative if the triage decision is not changed by staff, or if staff change the triage decision and
the highest triage decision applied by staff is ‘routine’.

o False negative if staff change the triage decision and the highest triage decision applied by staff is
‘urgent’ or ‘emergency’.

We will quantify cases where emergency online consultations have been predicted as ‘routine’ as these
represent the highest risk misclassifications. The Spectra Analytics Clinical Safety team will investigate
these and other patient safety incidents reported by GP practices as per their internal processes to comply
with MHRA and NHS DCB0129 standards (16). We will review their findings to understand if there are
patient groups or online consultation topics that are at higher risk of misclassification by Al Triage.

Potential triage behaviour change in control GP practices

We will obtain Al Triage predictions (urgent and emergency — both separate and combined) for control
practices for each online consultation submitted during the intervention period and compare them to the
actual triage decisions made by GP practice staff using the same definitions of true/false
positives/negatives above. These predictions will differ from those in intervention GP practices because
they will not have been presented to GP practice staff whilst they processed the online consultations. It
identifies a group of patients for whom potentially different triage decisions would have been made if Al
Triage had been enabled in those practices. We will then estimate the potential impact of these different
triage decisions.

Observed triage behaviour change in intervention and control GP practices

To evaluate observed changes in triage behaviour, we will compare monthly and weekly time series
counts of urgent and emergency triage decisions (both separate and combined) made by intervention and
control GP practices. In intervention practices we will consider a triage decision as urgent or emergency
if the highest triage applied by staff is ‘urgent’ or ‘emergency’ or an Al Triage prediction of urgent or
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emergency is left unchanged (same definition as ‘true positives’ above). In control practices, we will
consider a triage decision as urgent or emergency if the highest triage applied by staff is ‘urgent’ or
‘emergency’. We will also measure counts of patients cancelling their online consultations, and map
whether patients cancel their request or receive input from a clinician following a signpost message
and/or emergency prediction.

Sensitivity analyses

Similar to the interrupted time series analysis, limitations with the above approach include that: staff
triage decisions could be applied by non-clinicians; the true urgency of an online consultation may only
be apparent when further information has been obtained from the patient (e.g. over the telephone); we
assume Al Triage predictions for patients who receive a signpost message and cancel their online
consultation is correct. We will therefore conduct sensitivity analyses where: we restrict triage decisions
to those only made by clinicians; the final triage decision when the online consultation is resolved is used;
patients who receive a signpost message and cancel their online consultation are excluded. As mentioned
above, multiple online consultations from the same patient are expected to be infrequent, though will be
assessed by using a patient-level variable in models and by re-running analyses after randomly sampling
one online consultation per patient.

Health inequalities

We will assess the potential influence of Al Triage on health inequalities across different age groups, sexes,
ethnic backgrounds, Index of Multiple Deprivation quintiles, and non-English language usage. In dose and
reach metrics we will compare the proportion of each sub-group in the population using online
consultations in intervention and control practices in the pre- and intervention periods (44), and to the
characteristics of the wider practice populations in National General Practice Profiles (38).

Each accuracy metric will be tested for differences in performance between patient sub-groups. We will
also undertake a failure case analysis to explore factors why Al Triage may have predicted incorrectly (46)
by comparing the characteristics of patients who have submitted online consultations classified as false
positive and negatives to those of true positive and negative predictions (‘error auditing’) (47). Additional
factors to test will include those related to the online consultation (including type of online consultation,
time and day of submission), GP practice staff who applied the triage decision (including role, experience
using PATCHS), and GP practice (including size, geographic location, experience using PATCHS).

In potential behaviour change analyses, we will find patients for whom the Al Triage prediction differs
from the actual decision made by GP staff (potential false positives and negatives) and test for differences
in characteristics of the patient, online consultation, GP practice staff, and GP practice using the error
auditing approach described above (47).

Allocation non-adherence

In a traditional Zelen design, data are analysed on an intention-to-allocate basis rather than whether or
not the intervention was actually received (24). This approach is practical when the intervention is not
widely available and when participants can provide immediate consent, which is not the case in this study.
Firstly, Al Triage has been available to all GP practices using PATCHS since October 2021, therefore control
GP practices can start using Al Triage at any time during the study. Because it is considered a selling point,
GP practices may also receive communications encouraging them to use Al Triage outside the study e.g.
from their NHS commissioning organisation. Secondly, GP practices may take several weeks to reply
following an invitation to use Al Triage. Thirdly, GP practices not yet using Al Triage may have explicitly
chosen not to use it, meaning they may be more likely to decline an invitation to use it or drop out of the
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study later. These factors combine to exacerbate our anticipated recruitment challenges described above.
Therefore, we will take the following approach:

e Control GP practices that cross over to the intervention group: If we have sufficient follow-up data
we will treat them as intervention GP practices in the main analysis, otherwise we will use their data
as controls up to the point they cross over. If numbers allow, we will analyse them separately in an
uncontrolled interrupted time series analysis. We will conduct sensitivity analyses where we treat
them control GP practices for the entire study and where we exclude them entirely from the analysis.

eGP practices that decline to use the intervention or do not respond to recruitment communications
after being allocated to the intervention group: We will treat them as control GP practices in the
main analysis. We will conduct sensitivity analyses where we treat them as intervention GP practices
and where we exclude them entirely from the analysis.

e Intervention GP practices that cross over to the control group (i.e. that stop using Al Triage) or stop
using PATCHS altogether: We will include them in the main analysis in the intervention group. We
will undertake sensitivity analyses where we use their data as intervention GP practices up to the
point they cross over and where we exclude them entirely from the analysis.

6.2 Sample Size:

Our sample size calculation is based on our primary outcome measure. Patients and clinicians we
consulted during our PPl work felt an absolute reduction of 5% in the proportion of urgent and emergency
online consultation delays would be meaningful. Assuming a baseline delay of 25% from our prior research
and a simple before-after design, we estimate a minimum of 2928 urgent and emergency (combined)
online consultations across both intervention and control GP practices during the intervention period are
required to detect a minimum absolute reduction of 5% to 20% with 90% power and 5% alpha. Further
assuming 50 urgent and emergency online consultations (combined) on average for a GP practice per
month and a 12-month intervention period, this translates to a minimum of three intervention and three
control practices. However, this does not account for between-practice variability. Consequently, we will
aim to recruit 20 intervention and 20 control practices. Between-practice variability can be difficult to
predict, so we have estimated the power of this sample size for different assumptions of between-practice
variance using ipdpower for Stata (48), which calculates power for mixed-effects models using simulations
(Table 1). To minimise between-practice variance in our sample, we will recruit intervention and control
GP practices in blocks (described in section 8.4). If we find that between-practice variance is high, we will
target recruitment of practices with similar baseline characteristics for the outcome measure in
subsequent stages.

Table 1: Study power simulations

Between-practice variance Power (%) 95% confidence interval (%)
0 100 96.4-100.0

0.1 72 62.1-80.5

0.2 53 42.8-63.1

0.825 21 13.5-30.3
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