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Introduction and key points

This publication explores the utility of Discrete Event Simulation as a modelling
method to test what-if scenario impacts on NHS Scotland waiting lists. Discrete
event simulation was used to replicate planned care waiting lists across outpatients,
inpatients and day cases.

The aim was to test the usability of the simulation method for modelling NHS
Scotland planned care waiting lists, including ascertaining if suitable data were
available to support the simulation method.

As an initial case study the focus was on ophthalmology, and in particular cataract
surgery. In the rest of the report this will be referred to as the “cataract case study”.
This method could be applied to other areas of planned care, and expanded to
cover ophthalmology more comprehensively if the data were available.

The model was used to look at the impacts of 1) a process change i.e. a change in
how patients can flow through the system, and 2) a productivity change due to
increased cataract surgery throughput.

Two discrete event simulation modes were developed, with and without direct TTG
additions, that can reproduce baseline TTG list size using a process map that was
developed alongside published PHS data to build distributions for the variables.
The simulation mode with direct TTG additions allows patients requiring surgery on
a second eye to be directly added to the TTG list following surgery on the first eye.
This is not allowed in the mode without direct TTG additions where instead it is
assumed that after surgery on the first eye, patients finish their journey and have to
start again from the beginning for the second eye.

The two simulation modes were compared in a scenario where cataract surgery
throughput was increased significantly. The mode without direct TTG additions
projected that the average TTG list size would fall to less than 5,000. The mode
with direct TTG additions projected that the average TTG list size would only
decrease moderately to just below 20,000. Direct TTG additions in this simulation
have a dampening effect on the potential productivity gains due to increased
cataract surgery throughput.

The modelling process provides additional value by facilitating an improved
understanding of the system. Small details can have big impacts as shown in this
case study where cataract patients can be added directly back onto the TTG list for
surgery on their second eye — depending on how often this occurs in practice could
influence how successful any productivity improvements are on TTG activity.

List of acronyms

NOP: New Outpatients
TTG: Treatment Time Guarantee
NTC: National Treatment Centre



IPDC: Inpatient and Day Case
ROP: Return Outpatients

PHS: Public Health Scotland
DES: Discrete Event Simulation

Background

General NHS Scotland context

Planned operations, across all specialties, are lower overall when compared to pre-
COVID levels e.g. “Overall, the number of planned operations has been steadily
increasing since the COVID-19 pandemic impacted service provision. In the 12
months from December 2023 to November 2024, there was a 3.3% increase in the
number of planned operations compared to the previous 12 months. However, this
remains 15.2% lower than those planned to take place in the 12 months from
March 2019 to February 2020, just prior to when the pandemic began to severely
impact service provision.” (1).

Attendances and admissions across all specialties are also lower than pre-COVID
levels. In the 12 months from January 2024 to December 2024 there was a 2.4%
increase in new outpatient attendances compared to the previous 12 months. This
is still 11% lower than the number of attendances in the 12 months from April 2019
to March 2020 (2).

In the 12 months from January 2024 to December 2024 there was a 7% increase in
inpatient or day case admissions compared to the previous 12 months. This is still
6.4% lower than the number of admissions in the 12 months from April 2019 to
March 2020 (2).

Cataract case study context

Ophthalmology outpatient activity follows the same trends as described for the
wider NHS Scotland context. Ophthalmology accounts for around 10% of all new
and return outpatient activity (3). In the 12 months from January 2024 to December
2024 there was a 1.8% increase in ophthalmology new outpatient attendances
compared to the previous 12 months. This is 7% lower than the number of
attendances in the 12 months from April 2019 to March 2020 (2).

In contrast to the wider NHS Scotland context, ophthalmology inpatient/day case
activity has increased above pre-COVID levels. In the 12 months from January
2024 to December 2024 there was a 21% increase in ophthalmology inpatient or
day case admissions compared to the previous 12 months. This is 16% higher than
the number of admissions in the 12 months from April 2019 to March 2020 (2).

It should be noted that ophthalmology has a significant volume of return outpatients
with long term, sight-threatening conditions that require continued care and support.

Cataracts account for around 80% of all ophthalmic surgery activity (4). Cataract
surgery was in the top five procedures performed in Scotland in 2023/24,
accounting for 4.4% of all procedures across specialties (5).
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https://publichealthscotland.scot/publications/cancelled-planned-operations/cancelled-planned-operations-month-ending-31-december-2024/
https://publichealthscotland.scot/publications/nhs-waiting-times-stage-of-treatment/stage-of-treatment-waiting-times-inpatients-day-cases-and-new-outpatients-quarter-ending-31-december-2024/
https://publichealthscotland.scot/publications/nhs-waiting-times-stage-of-treatment/stage-of-treatment-waiting-times-inpatients-day-cases-and-new-outpatients-quarter-ending-31-december-2024/
https://publichealthscotland.scot/publications/acute-hospital-activity-and-nhs-beds-information-quarterly/acute-hospital-activity-and-nhs-beds-information-quarterly-quarter-ending-30-september-2024/official-data-release-information/
https://publichealthscotland.scot/publications/nhs-waiting-times-stage-of-treatment/stage-of-treatment-waiting-times-inpatients-day-cases-and-new-outpatients-quarter-ending-31-december-2024/
https://publichealthscotland.scot/publications/nhs-waiting-times-stage-of-treatment/stage-of-treatment-waiting-times-inpatients-day-cases-and-new-outpatients-quarter-ending-31-december-2024/
https://publichealthscotland.scot/publications/scottish-atlas-of-healthcare-variation/scottish-atlas-of-healthcare-variation-17-december-2024/surgical-procedures-dashboard/
https://publichealthscotland.scot/media/29229/2024-09-24-annual-acuteactivity-report.pdf

It is anticipated that a significant proportion of patients waiting for cataract surgery
will require surgery on both eyes (4). Currently most cataract surgeries are done
one eye at a time, but surgeries that correct both eyes in the same surgery
(“Immediate Sequential Bilateral”) are being carried out by a small number of
surgeons in a few Health Boards (6).

As cataracts are the bulk of ophthalmic surgical activity, “single lists” where only
cataract surgeries are performed are common. Other lists are called “mixed lists”
which are usually comprised of a mix of more complex surgeries with gaps filled by
cataract surgeries. Please note that in the model scenarios which follow, where
surgical activity is increased, this increase is only applied to single lists.

High volume surgical lists are also possible for cataracts. According to guidance
from the Royal College of Ophthalmologists, in a typical surgical list 6-8 patients will
be seen, while a high volume list is defined as one where 10-14 patients are seen
in a single surgical session (7).

Data on sub-specialty proportions is limited so it was not possible to account for the
different resource requirements on a sub-specialty basis in this publication.

High level overview of a typical pathway for a cataract patient.

The first point of contact for a cataract patient is usually primary care. For cataracts
(and other ophthalmology sub-specialties) primary care activity happens in the
community via opticians and optometrists. The individual will then be referred to a
New Outpatient clinic for consultation where a range of tests will take place e.g.
measuring the curve of the cornea to help with surgery planning.

After the pre-assessment consultation if surgery is required the individual will be
referred to the TTG waiting list, and then have the surgery. The tests carried out at
an NOP consultation are valid for two years. If a patient is identified as requiring
surgery on both eyes but just has one eye treated initially, they can be directly
added to the TTG list to wait for the second eye surgery, following the initial surgical
treatment. Note that this process is not standardised and therefore may not be
followed in all Health Boards. After surgery the patient is discharged and will usually
have post-operative refraction undertaken by community optometrists.

Waiting list definitions

The new outpatients (NOP) waiting list includes all patients waiting for their first
appointment at a consultant-led clinic. These patients come from all referral
sources covered by the 12 week waiting time standards under 'New Ways' (8, 9).

The treatment time guarantee (TTG) waiting list includes patients waiting for an
inpatient or day case procedure that were added to the waiting list from 1 October
2012 onwards, where the TTG is applicable. The TTG comes from the Patient
Rights (Scotland) Act 2011 which established a 12-week maximum waiting time for
treatment of all eligible patients who are due to receive planned treatment deliver
on an inpatient or day case basis (10).


https://publichealthscotland.scot/publications/scottish-atlas-of-healthcare-variation/scottish-atlas-of-healthcare-variation-17-december-2024/surgical-procedures-dashboard/
https://nhscfsd.co.uk/media/5sofmknr/cataract-surgery-blueprint-2022.pdf
https://www.rcophth.ac.uk/wp-content/uploads/2022/02/High-Flow-Cataract-Surgery_V2.pdf
https://publichealthscotland.scot/media/30337/2024-11-26-wt-ipdcop-report.pdf
https://publichealthscotland.scot/healthcare-system/waiting-times/inpatient-day-case-and-new-outpatient-waiting-times/overview/background/
https://www.gov.scot/publications/charter-patient-rights-responsibilities-easy-read/

Modelling definitions

Conversion rate definition

The interplay between the two waiting lists, NOP and TTG, is not fully described via
available data - partly because of limited data tracking patients moving between the
waiting lists.

For this model it was therefore necessary to establish a placeholder variable to
quantify the flow of patients between the two waiting lists. A crude approximation
was derived based on the assumption that a certain proportion of people who
attend an NOP consultation will be referred for treatment and therefore arrive on, or
convert to, the TTG waiting list. This publication defines this proportion as
"conversion rate”. In this report, conversion rate always refers to individuals
converting from an NOP attendance to a TTG addition.

This is a simplistic average using published data that may not account for real world
complexities, however this was considered acceptable for this piece of work which
is focused on the utility of the modelling method.

The model considers two system modes which impact how the conversion rate is
calculated.

Mode 1

The assumption is made that all patients that arrive on the TTG list are referred
following an NOP attendance. Then the conversion rate is calculated as follows for
any given month:

conversion rate; = TTG additions/NOP attendances

There is a built in assumption that the referral to the TTG waiting list happens with
no time delay.

Mode 2

This scenario takes into consideration that individuals can be referred to the TTG
list from other sources in addition to NOP attendances e.g. directly after surgery on
the first eye if they require surgery on both eyes. Then the conversion rate is
calculated as follows for any given month:

(Total TTG additions — TTG additions from other sources)
NOP attendances

conversion rate, =

In this report, the rate at which TTG additions come from other sources is called the
“direct TTG rate”. “Direct” is used as these additions skip a new outpatient
appointment.



Methods

Process map

A process map provides a high-level visual overview of a process. For the case
study the aim was to garner agreement on the key steps in the patient journey from
initial contact with the health service, through to successful cataract operation.
Information on the patient journey was gathered from the literature and from a
range of stakeholders. This was then collated into a draft process map using Visio.
A workshop involving key stakeholders was organised to gather feedback on the
draft and collective agreement on the final product.

The process map in Figure 1 describes the possible patient journeys in
ophthalmology and was used to build the structure in the Simul8 model. The
numbers quoted are end of June 2024 figures, as reported in November 2024 (11).

Figure 1: The agreed process map for the ophthalmology patient journey.

Numbers are from the waiting list statistics for April - June 2024, rounded to the
nearest 1,000.
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The process map provides a visual representation of the following journey. Patients
generally arrive via Primary Care Services, which for ophthalmology is most often
community optometrists. In April to June 2024 43,000 individuals were added to the
New Outpatient List to wait for a consultation, the majority of which are assumed to
be waiting to be considered for cataract surgery. During this time, around 33,000
individuals were seen at a consultation appointment, and another 10,000 were
removed from the NOP list for other reasons. These removal reasons can include,
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https://publichealthscotland.scot/publications/nhs-waiting-times-stage-of-treatment/stage-of-treatment-waiting-times-inpatients-day-cases-and-new-outpatients-quarter-ending-30-september-2024/

for example, “treatment no longer required” and “referred back to GP”. Patients can
be referred back to primary care for a number of reasons, including if they have
failed to attend an appointment or because the referral to hospital was
inappropriate. Treatment no longer required is often due to patients going to the
independent sector for their surgery, or due to patient death.

Discrete event simulation

Discrete event simulation is a simulation method designed for looking at processes
and optimising efficiency by testing changes to the processes in the model
environment. The operation of a system is represented as a chronological
sequence of discrete events of a predetermined timestep, such as a day. As each
portion of time passes different activities take place and resources may move to
different parts of the system. The benefits of this approach are that using simulation
methods allows us to move away from deterministic estimates using averages, and
better replicate reality by using realistic variation in demand and activity. This is
achieved by having distributions for simulation variables rather than a fixed average
value. For each run of the simulation the modelling software samples a random
value for each variable from the respective distributions. The simulation is then run
multiple times with new values sampled each time, and the outputs aggregated
together. In this way individual simulation runs may yield completely different
outputs, but running the simulation repeatedly provides a sense of the most likely
outcome.

With simulation we can build a visual representation of the current patient journey
based on available data and use this to test the impact of changes due to new
policies and various “what-if’ scenarios. This simulation method has previously
been applied to healthcare processes (12, 13, 14).

For the cataract case study, the process map was used to structure the DES which
was subsequently built in the Simul8 software package. Published PHS data for
quarterly additions, removals, attendances were used to fit the distributions for all
the variables required in the simulation (2). The simulation was set up so that
patients travelled through the system as work items, arriving at activities e.g. a
consultation appointment, with a frequency based on historical distributions of
arrivals per day. In this way it was not necessary to make assumptions on length of
appointment, or staff availability.

The simulation model for the case study was run 30 times for each scenario tested.
To quantify the impacts of the different “what-if’ scenarios the simulated TTG list
size was used as an indicator. The list size was written to a spreadsheet every two
simulation weeks to capture the dynamics over the course of the simulation, for
each run. Using the TTG list size as the core output also enabled the simulation to
be verified and validated against published statistics for the TTG list.

Staff were not explicitly included in the Simul8 model as a constrained resource,
partly due to the lack of suitable data. This meant that the impact of return
outpatients were not considered in this case study. Theoretically this is something
that Simul8 and DES modelling could forecast if the right data were available.
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https://www.simul8.com/case-studies/reducing-patient-wait-times-changeology
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When simulating what-if scenarios where TTG activity is modified, this change is
applied only to single lists (surgical lists which only have cataract cases) on the
assumption that these are the surgical lists where productivity changes would be
most feasible to implement.

Model verification and validation

Waiting list and activity data from Q2 2024 (April — June 2024) were used to set the
parameter distributions in the model. These data were also used in a linear
regression model to estimate the conversion rate. More detail about the
distributions and the linear regression model can be found in the Annex.

Verification of the DES model involved checking that the simulated TTG list size for
Q2 2024 aligned with the actual TTG list size. Figure 2 shows that over Q2 2024
the actuals land within the error bars for the model projection. The error bars
represent the standard deviation of the projected TTG list size over 30 model runs.

The reported TTG list size over July — October 2024 was then used to sense check
the short term projections of the DES model i.e. validate that the model can
replicate real world dynamics. Figure 2 shows that the actuals continue to land
within the error bars for the model projection.

Due to the uncertainty in the DES input distributions the standard deviation in
Figure 2: Simul8 model output validated against TTG list size.

Simul8 model output verified against TTG list size for April to June 2024, and
validating that the model continues to provide reasonable projections over July to
September 2024. Error bars represent the standard deviation across 30 model
runs. The Simul8 conversion rate was set using data from March 2022 onwards.
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model runs increases over time as diverging dynamics are modelled. This is why
the error bars grow over time. This allows the DES model to make reasonable
projections that capture the July — October 2024 TTG list size, even though the Q3
2024 TTG waiting list growth was much higher than in Q2 2024.

During this process of verification and validation we found that the model is very
sensitive to the initial parameter values sampled by Simul8. For example, there are
some parameters combinations which result in an immediate downward trend for
the TTG list size. This could be an avenue for further research into the details of the
waiting list dynamics.

The modelled TTG list size was also sensitive to the conversion rate, as the main
tuning factor in the model that adds patients to the TTG list. While being a
modelling convention rather than an accurate measure of the flow of patients from
NOP to TTG, it is still important to note that for ophthalmology the calculated
conversion rate has not been constant in the last couple of years. This increases
the variability in the distribution used in the model for the conversion rate.

Cataract case study results

Improving our understanding of the system: direct TTG additions

One of the benefits of the DES modelling approach is that it is straightforward to
update and re-validate the model as learning about the system, or process,
develops. In relation to the cataract case study we initially set the model up in the
simple mode where all TTG additions arrive following an NOP consultation. Some
health boards allow individuals requiring cataract surgery in both eyes to re-join the
TTG waiting list after surgery on one eye — the “direct TTG additions” previously
described in the Modelling definitions section. To capture this the model was then
expanded to also include the second mode with the direct TTG dynamics.

The model was updated to be able to capture this new flow of patients going from
day case surgery directly to the TTG list for their second eye. The corresponding
theoretical conversion rate and direct TTG rate were estimated using a multiple
linear regression model (see Annex). The model can now be run in two different
modes: a mode with no direct TTG additions, and a mode with direct TTG
additions.

The mode with no direct TTG additions could be more reflective of an
ophthalmology patient journey if immediate sequential bilateral cataract surgeries
were the standard approach. That is, if individuals that require cataract surgery in
both eyes, had the surgery in both eyes at the same time and so these individuals
would not need to re-join the TTG list and wait for a second time. The mode with
direct TTG additions is assumed to be more reflective of the ophthalmology patient
journey if all health boards used the direct TTG process. It is likely that the reality in
Scotland sits somewhere in between these two modes.

The mode with direct TTG additions had new distributions estimated for the
conversion rate, and the direct TTG rate. It was therefore necessary to validate and
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verify this model version as well. Figure 3 shows that this new model version with
direct TTG additions aligns very well with the no direct TTG version. The averages
for the two model versions are nearly equal. The main difference is that the model
with direct TTG has much wider standard deviation, as shown with the ribbons. This
increased uncertainty in the TTG list projection is due to the addition of another
distribution with its own uncertainty to the model i.e. the distribution for the direct
TTG rate.

Figure 3: Including direct TTG additions does not significantly change the
baseline output.

Verifying and validating the model mode with direct TTG additions compared to the
actuals. The model mode with no direct TTG is included for direct comparison. Both
model mode projections for the TTG list size are the average of 30 runs and are
overlapping. The shaded areas bounded by lines represent the standard deviation.
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Process change scenario: impact of direct TTG additions

The two simulation modes, with and without direct TTG additions, output very
similar average projections for the TTG list size when the rest of the process
continues with no changes. A scenario was therefore devised to explore the impact
of the system design when there are activity changes. The simulated scenario
increased cataract surgical activity while holding everything else constant. This
assumes that changing surgical activity has no impact on the conversion rate or the
direct TTG rate.

A very high level of surgical activity was chosen to stress test the process change.
The same activity level was explored using both simulation modes, to gauge the
impact that the new flow could have on the TTG waiting list size reduction.
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The simulation was set up to begin on the 1st April 2024 and run until the end of
March 2026. The increase in surgical activity was applied on the 1st January 2025
(in “simulation time”) as an instantaneous step change. The different projections
from the two simulation modes can be seen in Figure 4. Both simulation modes
follow the same average projection up to January 2025 at which point the uplift to
surgical activity is applied, and the average projections diverge. The simulation with
no direct TTG additions suggests that increasing surgical throughput while
everything else in the system remains the same would result in significantly smaller
TTG list size by March 2026 (an average of roughly 1,500), with some model runs
completely clearing the waiting list.

In contrast the simulation with direct TTG additions has a very wide spread of
possible outcomes following the uplift in surgical activity, depending on the initial
simulation trajectory before the change is applied. There is still an overall decrease
in the projected TTG list size by March 2026, but the average TTG list size is above
the baseline target of 7,500 with roughly 18,500 individuals on the list by March
2026. The very wide uncertainty range that develops in this simulation mode could
indicate that this method is more suited to shorter term projections, but could also
reflect the underlying uncertainty in the system, especially when the number of
direct TTG additions is not fully understood.

Figure 4: Direct TTG additions dampen the impact of increased surgical
activity.

Increasing TTG surgical activity in January 2025 leads to a significant drop in the
projected TTG list size in the mode without direct TTG, with a more moderate
average decrease in the mode with direct TTG. Shaded areas represent the
standard deviation from 30 model runs.
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This type of process change could be relevant when considering immediate
bilateral sequential cataract operations. The expectation from the modelling would
be that if more bilateral sequential operations were performed, this would reduce
the number of direct TTG additions. This would in turn amplify the impact of any
increased surgical throughput leading to a more rapid and pronounced reduction in
the TTG waiting list size.

Productivity scenario: increasing cataract surgical throughput

Simul8 models are ideal for testing what-if scenarios such as changes in
productivity. Similarly to the process change scenario, there is a change in surgical
activity in the productivity scenario. However, in this case, the change in activity is
more precisely derived from potential productivity improvements. Additionally, this
scenario uses the direct TTG simulation mode only (on the assumption that this is a
better reflection of how the system is currently structured) and compares the
baseline (no change to activity) with the proposed productivity scenario.

Hypothetical productivity scenario details:

e The National Treatment Centres at Highland and Golden Jubilee deliver a
higher volume of surgeries per session - 10 cataract surgeries per list, in line
with a high volume list (7).

¢ All other sites (operating on adults) achieve 1 more cataract per list in line with
guidelines from the Royal College of Ophthalmologists (7).

e The activity uplift for the scenario is applied on the 1st January 2025 (in model
time), as a step change i.e. activity immediately increases to the target level.

The simulation was set up to begin on the 1st April 2024 and run until the end of
March 2026.

The productivity scenario whilest being theoretically feasible, does not look like it
would have a significant impact on the TTG list size. The final average TTG list size
in the productivity scenario is around 22,000 compared to 24,500 in the baseline
model. There would likely be a small reduction in the list size but there is such a
wide degree of variation that it would not be clear if there was a positive impact of
the initiative for at least a year after implementation. There is an assumption in this
scenario that the direct TTG rate remains static over time, and when the cataract
surgery throughput increases.
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Figure 5: Productivity scenario — higher cataract throughput.

The "higher cataract throughput" scenario is applied to the direct TTG simulation
model. There is a moderate decrease in projected TTG list size by March 2026.
Shaded areas represent the standard deviation across 30 runs.
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Limitations

Data quality is often an issue for discrete event simulations, as they aim to replicate
real world processes in a virtual model which requires sufficient data. The data
used in this case study (waiting list figures, attendances, arrivals, removals etc.) are
revised at each quarterly publication as there can be issues with initial data
collections. This leads to small variations and the need to re-calculate the
distributions following each publication. The impact of this on short and medium
term projections is mitigated by having wide distributions in the model, however this
reduces the utility of the model for longer term projections.

As this was a case study and exploration of the method we considered the case
study subject at a Scotland-wide level and specialty level. This meant that the
model still relied on some averages and potentially misses some of the variance
between health boards which could impact the flow of patients Scotland wide.

It is important to note that in the case study we did not consider the impact of
diagnostics on the flow of patients, or the impact of return outpatients (and how the
number of return outpatients would change over time) on consultant availability.
The model also assumed that conversion rates and direct TTG rates were stable in
time and independent of any changes to surgical activity. A suggested future
expansion of this simulation model would be to explore in more detail the
relationship between surgical activity and additions to the new outpatient list. With
these limitations the model outputs are more illustrative of the potential impacts of
any productivity scenarios in a highly idealised system.
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Conclusion

Discrete event simulation using Simul8 proved to be a relatively quick way to build
a representation of a planned care patient journey, and test the impact of proposed
productivity scenarios. This modelling method depends heavily on having good
quality data available in order to build robust distributions. Any implementation will
be somewhat constrained by this due to disruption that arose from the COVID-19
pandemic which reduces the timeseries of available data. Nevertheless, this could
be easily translated onto other specialties of interest as long as the necessary data
to build the distributions is available.

The cataract surgery case study was useful for highlighting the importance of
understanding the flows in the system, and the impact that unidentified flows can
have on model projections. With direct TTG additions excluded, any model
projections for productivity scenarios would have overestimated the positive impact
of increased activity on the TTG list size. The case study also demonstrated the
limitations that arise from data quality, with growing uncertainty in the projections
due to diverging simulation dynamics. This method is therefore more suitable for
short and medium term impact assessment if it were to be used to make
operational decisions — from a theoretical perspective it is perhaps useful that the
simulation does give some more quantitative visual on the wide range of possible
outcomes following an intervention, and highlights the need to understand
uncertainty in projections when using them for decision making.

From the case study itself, we can conclude that the increased cataract throughput
productivity scenario does not have a significant impact on TTG list size in the
mode where patients are re-added to the TTG list for the second eye — it could
however have an impact on waiting times that this model is unable to measure.
However, in a scenario where there were fewer direct TTG additions i.e. there were
more immediate sequential bilateral operations, the productivity scenario would
have a stronger positive impact. This also suggests that depending on local
processes, different health boards could appear to be performing better or worse
following such productivity improvements mostly due to how they govern flow onto
the TTG list.

Annex

Model input distributions

The Simul8 software employed in this modelling uses variables in the format of
“inter-arrival times” i.e. the time there is in between new patients arriving at different
points in the system. The unit used is days. As an example, if 10 patients arrive for
an NOP consultation on average per day. Then the inter-arrival time would be 1/10
= 0.1 days. A list of the model input distributions is included below:

e NORP list inter-arrival times
e NOP attendance inter-arrival times
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e NOP removals inter-arrival times
e NOP to TTG conversion rate

e |P inter-arrival times

e TTG removals inter-arrival times
e DC inter-arrival times

Table 1. A summary of the Simul8 variable input distributions with ranges and

explanatory notes.

Model input data Simul8 distribution name Range Notes
NOP inter-arrival NOParrival MIN: 0.000959 This is the time between
time MAX: 0.004 patients arriving in the
MODE: 0.001398 simulation and is based on
the volume of additions to the
NOP list. Triangular
distribution used, set so
average is average of data.
NOP attendance NOPConsultationDist MIN: 0.00125 This is the time between
inter-arrival time MAX: 0.00498 patients attending a
MODE: 0.00218 consultation and is based on
the volume of NOP
attendances. Triangular
distribution used, set so
average is average of data.
NOP other removal  Average Average: 0.00899 The NOP other removal rate

rate

has been trending upwards
consistently over the data
period. Use the rate from Q2
2024 with the built-in Simul8
distribution

Inpatient inter- IP attendance dist

arrival time

MIN: 0.17614
MAX: 0.32718
MODE: 0.80357

This is the time between
patients attending an
inpatient appointment and is
based on the volume of IP
attendances. Triangular
distribution used, set so
average is average of data.

Day case inter- DC attendance dist

arrival time

MIN: 0.003115
MAX: 0.0158
MODE: 0.004636

This is the time between
patients attending an
inpatient appointment and is
based on the volume of DC
attendances. Triangular
distribution used, set so
average is average of data

TTG other removal
rate

Average

Average: 0.0437

Same principle applied to this
removal rate as for NOP
removal rate.
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Linear regression models for conversion rates

Linear regression models in R were used to build the conversion rate and direct
TTG rate distributions for the two model versions: with and without direct TTG
additions. In both cases intercepts are set to 0 as it is assumed that if there are no
NOP attendances then no patients would be referred to the TTG list. It is important
to note that the below conversion rates and direct TTG rates are theoretical
constructs developed to explore this simulation modelling method.

Without direct TTG additions, the assumption is that TTG additions directly
correlate to NOP attendances:

Only using timeseries data from March 2022 results in an estimated conversion rate
of 43.7 + 1.3%, p<0.001. Using all available timeseries data from March 2019
results in an estimated conversion rate of 40.9 + 0.9%, p<0.001.

With direct TTG additions, the assumption is that TTG additions are correlated with
both NOP attendances and TTG attendances:

Only using timeseries data from March 2022 results in an estimated conversion rate
of 17.9 + 5.7% p = 0.01354, and a direct TTG rate of 74.5 + 16.3%, p = 0.00179.
Using all available timeseries data from March 2019 results in an estimated
conversion rate of 19.2 + 5.1% p = 0.001178, and a direct TTG rate of 65.0 +
15.1% p < 0.001.

Interestingly the result from the multiple linear regression of 65-75% of TTG
attendances flowing back i.e. requiring an operation on the second eye, aligns with
stakeholder estimates of 70%.

These coefficients and standard deviations using the timeseries data from March
2022 were used in Simul8. They were used to parametrise normal distributions
from which to sample the conversion rate and direct TTG rate in different model
runs.
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