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Introduction

The forecasting of future healthcare demand has relied heavily on the assumption that
demographic growth is the main force behind growth in admissions & GP referral and
that length of stay efficiency is reducing bed demand. Both of these assumptions fail
in the real world'. This paper summarises alternative approaches to address this
limitation.

Beds and Bed Equivalents

1. Bed requirements are best forecast using past trends in bed days (projected
forward) rather than attempting to multiply Finished Consultant Episodes (FCE)
by average length of stay (ALOS)

a. Disadvantages of FCE x ALOS

e FCE are not a basic unit of healthcare resource demand since they
do not measure time

e For emergency admissions FCE inflation (usually 0 LOS
admissions) clouds the issue’

e Average specialty LOS is derived by dividing bed days by FCE,
hence, multiplication back to give bed days only introduces errors
and bias due to misspecification

e Average LOS has little real meaning when compared against the
LOS distribution from which it is calculated

e Computer simulation shows that the calculated average LOS is
highly dependant on statistical variation in the underlying age
distribution of the arriving patients

e The calculated average LOS is likewise highly dependant on the
relative proportions of 0 LOS and >7 days LOS patients

e Even HRG-adjusted LOS is subject to methodological bias and
high uncertainty in particular HRG’s where it is assumed that every
hospital has patients at the national average age distribution and at
the national average mix of conditions within that HRG®

e Attempts to forecast future average LOS are of dubious validity

e Forecasts based on FCE shown high statistical uncertainty due to
the inherent statistical variability in healthcare demand. This leads
to both an uncertain current and future average. Use of single year
values therefore have the potential to give very high bias in future
estimates
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b. Advantages of Bed days

e Bed days are basic units of healthcare resource demand (i.e. they
measure time) and can be diminished by bed day equivalents in
other settings

e Reduced average LOS for specific groups of patients are best
expressed as an overall saving in bed days rather than cumbersome
attempts to adjust the overall specialty average LOS

e The same demand as measured by FCE when expressed in bed
days shows lower levels of statistical variation

e 0 LOS admissions are treated as a special form of bed day in that
they express additional daytime rather than midnight occupancy

e Shifts from overnight to day case are also best identified as bed
days since the past trend in bed days associated with each
procedure can be determined and the forecast average removed
from the specialty total

Establishing trends in demand

1. Growth in demand is best forecast by comparing demographic-based estimates
against existing trends

Demographic growth is only one of a number of forces determining the
ultimate expression of healthcare demand

Trends in medical technology, i.e. joint replacement technology in the
early 1990’s, can have much greater effects than demography

Medical admissions have been shown to exhibit a periodic step increase
with an associated step increase in total bed days*

The chosen growth rate should therefore be a balance between past trends
and demographic change

A method similar to traditional access rates but using bed days is best used
to estimate growth in demand for overnight beds

Growth in basic or raw outpatient demand expressed as GP referrals is a
special case with up to seven different growth mechanisms.

Growth in inpatient demand is not as variable since the raw demand has
been sent through a filter mechanism, i.e. consultant review

2. The traditional method for estimating growth using access rates are flawed and
gives answers which in practice are subject to unknown bias

Access rates are based on FCE
a. For elective admissions these are based on activity rather than
demand — where demand is activity adjusted for the change in the
waiting list

# Jones R (2009) Trends in emergency admissions. British Journal of Healthcare Management 15(4), 188-196.

Jones R (2009) Cycles in emergency admissions. British Journal of Healthcare Management 15(5), 239-246.

Jones R (2009) Emergency admissions and hospital beds. British Journal of Healthcare Management 15(6), 289-296.
Jones R (2009) Emergency admissions and financial risk. British Journal of Healthcare Management 15(7), 289-296.
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b. For emergency activity the above mentioned FCE inflation varies
from hospital to hospital due to consultant rotas, emergency
assessment units and different interpretation of an inpatient
admission — which in some cases may more correctly be interpreted
as ‘urgent’ outpatient-type attendances

Access rates ignore the important contribution from private medicine

a. Areas of high affluence will therefore tend to have a lower elective
access rates which in practice is hard to estimate other than via the
actual level of elective demand experienced at each hospital, i.e.
the catchment population of a hospital is described by those
patients who require treatment at that hospital

b. For these reasons reported access rates differ significantly
depending on the chosen time frame and location, hence, in
practice they become an arbitrary choice

3. A modification of the traditional access rate calculation is therefore required

Age banded information is extracted from the hospital data base rather
than using a health authority boundary — this avoids the problem of
specification of the catchment area

Bed days rather than FCE are use for inpatient calculations — avoiding
issues of FCE inflation

Population growth is determined as a ratio of future to present for each age
band — implied in the traditional access calculations but obscured in the
method of application

Overall growth is then expressed as a percent growth rate’ — allowing
greater flexibility in application

This percent growth is then applied to a statistically averaged estimate of
the current years demand — avoiding high misspecification arising from the
use of a single year of activity data

The hospital-based data is also used to determine the overall split of
activity between locations. The ten year ONS population growth (by age
band) for each district is then blended in proportion to overall activity to
establish the overall growth by age band for the catchment area. The
inherent uncertainty in this process is compensated for by rounding
up/down the proportion for those areas with higher/lower population
growth and using data for Milton Keynes (highest UK growth in the more
mobile age bands) as the default for the group of ‘other’ purchasers. The
resulting bias to slightly higher growth

A similar approach can be applied to forecast demographic-based
outpatient growth — although in practice the actual growth is always higher
than that due to demography alone (see comments in #1 above)

> While growth is expressed as a percentage in practice true percentage growth is rarely seen in
healthcare trends. The most common form of growth is linear and hence the percentage value is best
multiplied by the most recent activity to give a number value for growth. When added year by year this
number value will give linear growth.
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Translating demand into the level of resources required to guarantee
waiting times

1. In practice it is the natural variation in healthcare demand rather than growth per
se which determines the level of required resources’

The variation in demand from one year to the next is orders of magnitude
higher than underlying growth

This variation can be expressed as a standard deviation around the
expected average — in most healthcare settings this variation is in the range
3% to 25% of the annual total (larger variation is seen as the annual
volume reduces)

For a given guaranteed waiting time it is the level of variation associated
with the demand in that time frame which determines the upper limit to the
potentially available physical and workforce resources. Hence for a
guaranteed inpatient wait of less than 3 months the variation is that
associated with just 3 months worth of demand. This is typically twice the
variation seen for the annual volume

For inpatient beds this is reflected in the choice of average occupancy —
the Erlang equation can be used to match the size of the bed pool with the
appropriate occupancy — the one size fits all approach of 82% average
employed by the NHS misses opportunities for economies of scale’

For outpatient and day case situations Poisson statistics can be used to
calculate the required average utilisation rate (the equivalent to occupancy)
In general the required occupancy or utilisation rate implied by a 13 week
or 3 month time frame is far less than current NHS practice

The statistical basis for variation in demand further suggests that over-
capacity in physical resources is required while current levels of
permanent staffing will have to fall to be replaced by a much higher
proportion of on-call staffing.

By implication the use of industrial-style process control charts will
become far more common as a tool for triggering the mobilisation of on-
call staff.

6 Jones R (2009) What next for 18 weeks? British Journal of Healthcare Management 15(8), 404-405.
Jones R (2009) How to maintain 18 weeks. British Journal of Healthcare Management 15(9), 456-457.

7 JonesR (2009) Emergency admissions and hospital beds. British Journal of Healthcare Management 15(6), 289-296.
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Calculations required for contracting to achieve waiting time

guarantees

1. Calculations based on last years out-turn plus something extra to reduce the
waiting list are an unacceptable basis for a contract

Any activity figure needs to be converted into demand by adding the
change in the waiting list which occurred in that year

They are based on a single year value thereby ignoring the statistical
variation inherent in healthcare demand

Even elective out-turn is part of a statistical distribution influenced by
random events such as staff illness, unavoidable bed closures, case-
mix, etc. The probability of last years value reoccurring is therefore
low. A longer term average is a far better basis.

2. Delivery of waiting time guarantees imply some form of short-term over-
contracting in order to avoid breaching the target

It is far less likely to breach a target when you are well below the
target rather than close up to it®

Characterisation of the standard deviation associated with each type of
demand is therefore extremely important’

During the period over which the waiting time is reduced it is
suggested that the historic elective activity is used as the basis to
determine the standard deviation associated with ‘elective’ demand.
One standard deviation should then be added to the Trust total with
allocation pro-rata of this Trust total amount down to specialty level.
Variation in emergency admissions should be handled via contract
tolerances (expressed as standard deviations rather than % variances)
Total elective contracted activity will therefore equal:

Forecast average demand

+ one standard deviation (the risk margin)

+ reduction in the number on the inpatient waiting list

+ additional inpatient work arising from extra outpatient volumes

3. Over-contracting is avoided in practice by the simultaneous use of waiting list
control charts

The natural variation in the waiting list is used to calculate an upper
control limit for the waiting list downward trajectory. This is then used
for end of month waiting list review

Only when the upper control limit is breached is extra activity
sanctioned — the activity delivered is thereby kept to the minimum
required.

¥ Calculations show that the target of a 13 week maximum outpatient wait implies an average wait of 9
weeks to avoid breaching the upper limit of 13 weeks.

® As a general rule surgical inpatient demand varies between one and two-times the variation expected
by simple Poisson randomness. Medical inpatient demand varies between two- and three-times that
expected of simple Poisson randomness. The higher variation is a reflection of the greater impact of the
environment (mainly the weather — shifts in temperature, pressure & humidity) on the triggering of an
acute episode of a pre-existing medical condition or weakness.
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