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Background
• A patient-level simulation (PLS) may be preferable over a state-transition model when an individual’s route through the model is

dependent on their history.
• Although more flexible than a decision tree or state-transition model, a PLS is often more complex to develop and more 

computationally demanding.1

• PLS models can be built using various software packages; these have been compared in simplified cases, but not using a complex 
model developed for national decision-making. 

Objective: To replicate an existing PLS to evaluate the advantages and disadvantages of three different types of modelling 
software: visual basic for applications (VBA), SIMUL8 and R

Usability
• Object-oriented VBA was difficult for new users to grasp and coding errors were difficult to identify. 

• The SIMUL8 interface allowed for patients’ routes through the model to be easily visualised (Figure 2) and 
tracked; however, some simple operations (e.g. lookups across categories) required convoluted coding.

• R offers the benefit of specialist packages that are free to use and facilitate the PLS build process. 

• The R replication was the quickest to build and validate, taking approximately 30 working days in total, 
compared with approximately 45 days for SIMUL8.

Validation
• Model validation was challenging across all 3 types of software due to the stochastic nature of PLS. When 

potentially non-trivial differences emerged between implementations, it was difficult to determine whether 
these were due to technical errors, Monte-Carlo error, or bias from different RNGs, an area in which VBA 
is known to perform poorly. 

• All 3 software packages allow the user to generate a record of each event to determine how any selected 
variable changes over time; this was invaluable for model validation.

Limitations
• The version of SIMUL8 we have access to is not the latest; more recent versions 

may offer faster running speeds. 
• We built the R and SIMUL8 versions as exact replications of the VBA model rather 

than with the sole aim of efficiency; hence, there may be ways of optimising the 
run-times. For example, by using as few ‘labels’ as possible in the SIMUL8 model.

• Each model was built by a different developer so build times are not directly 
comparable.

Conclusions and future research
• None of the 3 replications were consistently superior across all assessed areas.
• It is not clear that dedicated simulation software provides meaningful benefits over a 
generic scripting language for PLS. 

• We are currently developing a further replication using discretely integrated 
condition event (DICE) simulation. Initial findings indicate that this method is 
relatively simple to grasp, but may have very long run-times and pose validation 
challenges.
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Methods
NICE’s 2012 clinical guideline on 
hyperphosphataemia in chronic kidney disease 
(CG157)2 included a PLS simulating the use of 
phosphate-binding medicines. The developers chose 
PLS to link trial evidence on surrogate measures to 
patient-relevant outcomes, such as mortality, 
cardiovascular events and fractures. This approach 
required updating and tracking each simulated 
patient’s biochemistry, which would not have been 
possible using a state-transition approach. 

The original model was developed in VBA. We 
replicated the VBA model in SIMUL8 (version 20.0), a 
dedicated simulation environment, and R (R-3.6.1), a 
free statistical software environment using a discrete 
event simulation package, simmer. We simulated 8 
cohorts of 10,000 patients using the 3 models to 
explore differences in run-time, usability and model 
outputs. As the VBA random number generator (RNG) 
is known to be biased, we ran the VBA model twice –
once using the internal RNG and once using an 
externally-generated stream of random numbers.

We ran the models on the same server to ensure 
consistency between results. Models were verified by 
recording events and examining distributions of 
outputs. We kept records of development and 
validation time for SIMUL8 and R. Developers also 
noted their personal experience and opinions on the 
ease of build and validation throughout the process.

Figure 2: Model structure in SIMUL8

Results
Run-time
• The VBA model had the fastest run-time, followed by SIMUL8, 

then R (Figure 1).

• SIMUL8 required the use of multiple patient-level variables 
(‘labels’), which are known to slow down the model. 

• It is possible that a model built in base R rather than a package 
would run more quickly; however, this might have a negative 
impact on build-time. R is also amenable to parallelisation, 
which has the potential to speed up calculation significantly.

• When event logs were recorded for debugging, both VBA and 
SIMUL8 took considerably longer and SIMUL8 crashed 
frequently when logging events for large cohorts of patients. 
Recording events did not alter the run-times in R.

Figure 1: Model run times for 8 
cohorts of 10,000 patients
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Abbreviations
CKD, chronic kidney disease
CV, cardiovascular
Dec., decrement
PTx, parathyroidectomy
Tx, transplant
Util., utility


