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Abstract—Predictive and prescriptive techniques are being
evaluated to predict demand for inpatient services within South
East Wales. This work is specifically focusing on multi-site
hospital services for elderly and frail patients, using classification
and regression trees to determine patient clusters with similar
attributes, yielding results of up to 89.62% accuracy. By incorporating these results into mathematical models we aim to quantify
the value of incorporating the clustering results in a deterministic
and stochastic mathematical programme.
Keywords—Machine Learning, Mathematical Programming,
Stochastic Programming.

I. Introduction
Ageing is one of the most common and well known risk
factors for most chronic diseases [1]. As patients get older
their severity of frailty increases and as a result, so does their
dependency on health care resources. Planning for the frail and
elderly can be difficult since these patients often suffer with
multi-morbidity and can take longer to recover in hospital with
more staffing hours and resources required. This often leads
to difficulty in clustering these patients for prediction, as there
are many different factors which cause longer lengths of stay
(LOS). Literature in this field has often been focused on single
medical settings where the focus has been on one illness, with
recommendations for future research to encompass multi-site
services [2], linking predictive and prescriptive analytics [3].
II. Methods
Within healthcare, a vast amount of data is routinely collected when a patient is admitted to hospital. Our analysis
utilises a data set of 162,763 records across ten hospitals
within the region. Patient attributes that have similar LOS
groupings within hospital were determined via classification and regression trees (CART) and clustering techniques.
Ten different variables were included which were identified
through data analysis as significant. Additionally, a frailty
score was generated based on ICD10 hospital codes using a
combination of Gilbert et al. [4] and Soong et al. [5].
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III. Results
The results of the CART analysis yielded results of up
to 89.62% accuracy. Using these clusters of grouped patient
nodes we can apply these to deterministic and two stage
stochastic models, determining the number of beds required
for elderly and frail patients.
The overall objective is to minimise the total costs of
hospital beds and staffing, whilst accounting for the stochastic
nature within healthcare.
IV. Proposed work
The aim of this research is to show the value of using
either CART or clustering techniques with deterministic and
two stage stochastic programming, building upon the work
by Maggioni and Wallace [6]. Our results will indicate which
method produces a more accurate and reliable result and the
trade-off required. A tool will be created which can predict
both short and long-term bed capacity predictions.
V. Expected contribution and impact
This work has been in collaboration with the Clinical
Futures Team within the Aneurin Bevan University Health
Board in South East Wales, UK. The results from the work
will plan for staffing requirements and bed capacities across
a network of hospitals. Linking predictive and prescriptive
analytics will provide a better insight into the state of the
hospital system and services for elderly and frail patients. In
practice, it will avoid planning based on averages and aid in
making better decisions within the healthcare system.
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