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TALKING POINT

Forecasting hospital bed needs

T K SWEENEY, J S A ASHLEY

The 1962 Hospital Plan for England and Wales' suggested for
planning purposes a maximum of 3 3 acute beds per 1000 total
population. This figure was a compromise between several
estimates of requirements made around that time by studies in
different parts of England.2 -5 These studies took account of
current discharges and deaths, length of stay, and changes in the
waiting list to arrive at what was then called the critical number6
of beds to meet demand. By adjusting the critical number for a

selected percentage occupancy and relating it to the catchment
population, a ratio of beds to population was obtained for the
hospital under consideration. This method, however, assumes

constant discharge rates, length of stay, and population structure.
Furthermore, the well-established relation between length of
stay and available beds7 tends to perpetuate widely different
ratios in different places.
At any particular time the number of hospital beds occupied is

the result of a complex interaction of bed supply and pressures

such as morbidity, social circumstances, the referral practice of
general practitioners, and consultants' decisions on the
admission and discharge of patients. The dynamic outcome of
these interactions may be studied by preparing trends of annual
discharges and deaths," equated with admissions, average

duration of stay, and turnover interval-the period of time a bed
remains empty between successive patients.

Projection of trends may be the basis of estimates of future use

and requirements which may be modified into more credible
forecasts by additional information on the effects of likely
changes in medical practice and disease epidemiology. Such
extrapolations by age and specialty using national data from the
Hospital Inpatient Enquiry (HIPE) have recently been made for
London.9 A similar method for local application using a

combination of data from Hospital Activity Analysis and the
Annual Hospital Return (Form SH3) has been proposed.10 The
method in this study is founded on the belief that hospital
services should be planned to relate directly to the pattern of
morbidity in the population served and is, therefore, based on

projections of disease trends modified in the light of clinical and
epidemiological information.

Method

National discharge rates and mean durations of stay for disease
conditions as classified in the ICD1' "A" list at different age groups for
each sex for non-psychiatric patients were taken from the 1968-73*
annual published HIPE tables (table I shows the data for appendicitis
as an example). Though maternity was excluded from the study and
the age groups between 15 and 44 were amalgamated, it was still
impracticable to produce the 3000 extrapolations required to cover each
disease in each of the six age groups 0 to 4, 5 to 14, 15 to 44, 45 to 64,

*For diseases exactly comparable in the 7th and 8th revisions of the ICD
the period 1964 to 1973 was used.
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65 to 74, and over 75 for both sexes. Fortunately, patients suffering
from most of the age- and sex-specific diagnostic categories use a small
proportion of hospital beds. Projections were, therefore, limited to
categories which occupied 01% or more of the total average beds
used daily by both sexes of all ages. In 1972, taken as the base year,
the average number of beds used daily was 172 000 so specific
projections were made only for the 313 categories using 172 beds or
more. Thus in the example given (table I) projections were made for
the 5 to 14 and 15 to 44 age groups. For each of these categories five
mathematical curves, chosen to give a wide range of possible under-
lying trends, were fitted to the series of discharge rates and durations
of stay by using least squares regression techniques after trans-
formation to straight-line equivalents as necessary. The most suitable
curve was used to make extrapolations to 1986.

TABLE I-An example of the data availablefrom the Hospital Inpatient Inquiry*

Age Discharge rate per Mean duration of Average beds used
group 10 000 related population stay (days) daily

0-4 2-2 9-1 10
5-14 32-9 7-4 256
15-19 57-5 6-8 1799
20-24 36-5 7-0 123 485
25-34 18 6 7-3 117 4
35-44 11 0 7-8 66 )
45-64 8-2 11*6 156
65-74 6-1 13-4 54
75+ 5-8 16-1 40
All ages 18 0 8-1 1001

* Appendicitis in women in England and Wales in 1972 was used as the
example.

The historical trends for each category were compared by age
group and sex and with the corresponding data from series of mortality
statistics'2 whenever these were an acceptable substitute for morbidity.
The direction of the trends in the mortality series, tested for statistical
significance, was compared with the direction of the curves used to
prepare extrapolations. A commentary was written and questions
framed about discharge rates and durations of stay in terms which drew
attention to compatibility or any clear inconsistency between the
discharge rates and mortality data-for example, the projection of
historical trends of discharge rates for strokes shows a rise in most
age groups contrary to the current falling mortality rates.
A similar procedure was followed using statistics from notifications

in the case of tuberculosis. When mortality was not an acceptable
proxy for morbidity and when it was thought helpful to do so,
attention was drawn to the relation between the trend in hospital
discharge rates and the relative levels of general practitioners'
consultation rates in 1958 and 1970-1, taken from the two national
studies of morbidity in general practice.13 14
The projections and questionnaires were sent for comment to

selected individual clinicians and national professional organisations
whose members had specific interest in the particular disease. The
same procedure was followed with epidemiologists, chosen on similar
grounds. They could also be expected in making their comments to
draw on other available evidence of the incidence of these diseases
for which it is not possible validly to compare hospital discharge rates
with mortality statistics or general practitioners' consultation rates.

In nearly all instances the comments that were received were
interpreted in line with the following predetermined ground rules:

(1) When those consulted agreed with the projected values, that was
accepted as the forecast.

(2) Alternative figures supplied were accepted as the forecast if
they fell within the 95% confidence limits.

(3) When advised that discharge rates would rise higher than
projected the upper confidence limit was chosen likewise; the lower
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confidence limit was selected when advised that a rise should be less.
A similar approach was adopted about projected falls and durations of
stay.

(4) In the few instances when advice was conflicting or at variance
with recorded facts all available data were examined and what seemed
to be the most reasonable figure was selected as the forecast. If no
advice was available statistical projections were accepted unless there
were clear reasons why these should be adjusted. Figure 1 illustrates
the general procedure.

FIG I-An example of the information sent to clinicians and epidemiologists,
their response, and the decision taken.

In each age and sex group categories not separately analysed were
aggregated to form a group (the remainder) that was also projected.
The forecast values for remainders were selected to preserve historical
relationships with the sum of the separately analysed categories.

For each category the forecast values were incorporated in the
following formula:

Discharge rate x mean duration of stay x population
Number of days in the year

to obtain the expected number of used beds. For each age group the
total number of used beds was obtained by summation. Bed require-
ments may be derived by including an appropriate figure for turnover
interval in the calculations.

Results

Tables II and III illustrate the results obtained by employing
this technique for the 15 to 44 age group. Beds used by the age

group as a whole are expected to fall by 1986 to 9 9 per 10 000
related population in men and to 11-6 in women; this is due
largely to forecast falls in length of stay for both sexes and an

8% fall in discharge rate for women (table II).
Despite substantial projected population increases (14% in

men and 13% in women) the age group will occupy 3500 fewer
beds than in 1972 (table III) if the forecasts are correct. This
net effect results from an increase in the use of beds by patients
with some diagnoses and a fall by others. Women with gynaeco-
logical disorders and abortions are expected to need substantially
fewer beds due mainly to the increasing popularity of day treat-
ment. The reduction in bed use by men is widely distributed
between diagnoses, including peptic ulcer, non-bony injury, and
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TABLE II-Trends in non-psychiatric bed use 1968-78 at ages 15 to 44 in
England and Wales with statistical projections and forecast values for 1986

Discharge rate Average beds used
per 10 000 Mean duration daily per 10 000

related population of stay (days) related population

Year Men Women* Men Women* Men Women*

1968 49 4 76-3 12-0 8-6 16-2 17-9
1969 51-4 79-3 10-3 8-1 14-5 17-6
1970 50-2 81-8 9-7 7-8 13-3 17-5
1971 52-4 85-5 10-5 7-3 15-1 17-1
1972 52-1 85-2 8-8 6-7 12-5 15-6
1973 51-1 845 8-3 6-7 11-6 15-5
1974 51-9 85-4 8-0 6-2 11-4 14-5
1975 48-9 67-1 8-5 7-1 11-4 13-0
1976 53-3 73-8 7-8 6-6 11-4 13-3
1977 51-9 85-5 7-7 5-8 11-0 13-6
1978 51-9 70-9 7-2 6-1 10-2 11-9
1986

Projected: 56-8 118-9 5-9 3-9 9-2 12-7
Forecast: 53-3 78-4 6-8 5-4 9-9 11-6

* Excluding maternity.

TABLE III-Average beds used daily in 1972 andforecastfor 1986 at ages 15 to 44
in England and Wales

Men Women
Diagnostic group

1972 1986 1972 1986

Peptic ulcer . . 415 316 * *
Appendicitis . . 459 431 485 442
Hernia . . 370 346 * *
Cholelithiasis and cholecystitis * * 357 495
Benign neoplasm of uterus . . n.a. n.a. 332 238
Gynaecological disorders (excluding neoplasms) n.a. n.a. 1926 1746
Abortions (therapeutic and spontaneous) n.a. n.a. 1211 526
Displacement of intervertebral disc 273 297 177 213
"Other" musculoskeletal disorders

(excluding arthritis) .. 432 771 510 860
Abdominal pain .* * 370 687
Principal fractures (exluding neck of femur) 1205 1478 * *
Adverse effects of medicinal agents (poisoning) * * 267 609
"Other" injuriest .1303 1200 * *

Total of the above 4457 4839 5635 5816
Others forecast explicitly not illustrated above 3531 2495 4164 3096
"Remainder" (see text). 4066 3587 4994 3440

Total .12054 10921 14793 12352

n.a. = not available.
* Less than 172 beds in 1972 (see text) and not forecast separately, but included in
the "remainder."
t Including internal derangement of joints, intracranial injury, dislocations, sprains,
and other injuries and reactions.

myocardial infarction. A rise in the incidence of fractures in
men is forecast, as is a small increase for cholelithiasis and
cholecystitis in women.
Table IV lists the seven conditions forecast to occupy a large

proportion of the hospital beds used by all age groups in 1986.
The basis for some of these forecasts illustrates how clinical and

epidemiological input modified the statistical projections. When
commenting on the inconsistency between the rising discharge
rates and falling mortality rates for strokes, one clinical view
was that more effective and prolonged treatment of hypertension
would reduce its incidence if doctors were prepared to prescribe

TABLE iv-Principal categories using non-psychiatric beds in England and Wales*

All ages, both sexes

Percentage of

Diagnostic group total beds used Forecast

1972 1977 1978 1986

Cerebrovascular disease ("strokes") 10-3 10-3 11-5 11-2

"Other" forms of heart diseaset 4-4 3-9 4-0 4-8

Osteoarthritis 2-0 2-3 2-3 4-4

Mental illness 1-4 2-5 2-5 3-4

Diseases of arteries, arterioles, and

capillaries 3-2 2-6 2-2 3-4

Acute myocardial infarction 2-8 2-4 2-3 2-7

Fracture of neck of femur 1-4 2-5 2-8 2-6

Total 25-5 26-5 27-6 32-5

* Excluding maternity.
t Principally heart failure.
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prophylactic hypotensive treatment and asymptomatic patients
were willing to be treated. For the present, however, it was
accepted that some increase in effective treatment might cause
the incidence to level off and result in discharge rates and bed
use at about the present level. Similarly, epidemiological
considerations based on mortality15 influenced the forecast for
acute myocardial infarction. In contrast, a considerable increase,
well above the statistical projection, is forecast in beds for
patients with osteoarthritis. This allows for increasing public
demand for hip replacement and the extension of treatment to
other joints.

Discussion

Arguments most often deployed against the approach in this
study are that it perpetuates the influence of bed supply on bed
use, is insensitive to local circumstances, and is inappropriate
for estimating needs of the elderly.

INFLUENCE OF BED SUPPLY

Pressure on resources stimulates changes in practice and there
is interaction between supply and demand in any study taking
account of past and current use of hospital beds. Other factors,
however, influence discharge rates and duration of stay, and
when extrapolated trends are adjusted to take account of views
of clinicians and epidemiologists the dependence between supply
and demand is reduced. So far as is known no other published
method does this.

INSENSITIVITY TO LOCAL CIRCUMSTANCES

Adequacy of housing and the general practitioner, district
nursing, and other community services affect discharge rates
and lengths of stay and have thus influenced the national data
from which extrapolations were made. But these extrapolations
cannot be sensitive to marked local deficiencies, which, if
necessary, must be quantified locally when estimating local
requirements. Nevertheless, it should be an important general
principle that expensive services should not be planned for one
section of the Health Service because of actual or expected
deficiency in another. Shortages of community services-for
example, general practitioners or home helps-may be sufficient
to delay a reduction in bed numbers but should not be used to
justify the permanent provision of excess hospital accommoda-
tion.
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and to estimate in another way the bed needs of the longer stay
who should be in hospital rather than in other accommodation.

RESULTS

Data for five subsequent years are now available but comment
on the eventual accuracy of the forecast must still be speculative.
Unforeseen factors like industrial unrest caused unusually wide
variations in discharge rates and length of stay in some recent
years. So far the predictions for women patients seem to be a
great improvement on the unadjusted statistical projections and
those for men seem acceptable. In the long term, however, it
may be shown that the scope for fall in the length of stay has
been underestimated as it was clear that clinicians took an
understandably conservative view of the possibility of continued
reductions. With hindsight the framing of the questions or the
interpretation of comments might have allowed for this.

Patients with one of only seven conditions are forecast to
occupy one-third of all beds in 1986. As shown in table IV
significant changes in bed use for any of these conditions would
substantially affect requirements. An approach that considers
diagnosis would help in the surveillance of these large resource
users and the early recognition of changes that would alter
requirements.

Applications of the study

The areas and districts of England and Wales differ in demo-
graphic structure, morbidity, and social circumstances. Services
provided also vary in emphasis and operational detail. If local
services are planned in relation to diseases there is scope for
taking these differences into account. It would be feasible for
those who use this method to decide the extent to which national
estimates of discharge rates and duration of stay reflect local
morbidity and clinical management. In most instances accept-
ance of national values would probably be appropriate, but for
some diseases in some age groups there would be sufficient
grounds to make changes-for example, death rates and discharge
rates for bronchitis and emphysema have been higher in
Newcastle upon Tyne and lower in East Anglia than nationally
(fig 2). In both regions it would be reasonable to weight national
discharge rates by the relationship between the local and national
death rates when calculating requirements. Comparative
statistics of infectious diseases, like tuberculosis, could similarly

100

NEEDS OF THE ELDERLY

Advances in prevention and improvement in treatment and
clinical management relate to diseases rather than to the entire
population of an age group. It is valuable, therefore, to use the
same diagnostic approach in estimating the bed needs of the
elderly and it is fairly generally agreed that data for 65- to 74-
year-old individuals can be processed in the same way as for
younger patients, but other considerations have much force for
those over 75. In that age group the principal diagnosis at
discharge is often not the sole reason for admission or for a
prolonged stay in hospital. In patients with multiple pathology
epidemiological and clinical views on the credibility of extra-
polations based on a single main diagnosis will often have
limited relevance. Furthermore, social circumstances and the
adequacy of resources, in particular of community services and
psychiatric hospital accommodation, often have considerable
influence. Additional refinement is probably necessary if the
approach described in this paper is used for estimating bed
requirements for those over 75. One possibility would be to
prepare trends and projections only for shorter-stay patients
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FIG 2-Relationship between death rates and discharge rates for bronchitis
and emphysema for men aged 65 to 74 in two regions and in England and
Wales. (Source HIPE.) * Northern RHA and t East Anglian RHA in 1974.
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be used to allow for high or low notification rates. National
discharge rates could also be modified when a service is provided
in a particular way. When a high proportion of patients requiring
surgery for conditions like benign neoplasms, hernia, and female
genital disorders are treated as day patients the relevant
discharge rates could be lowered. Likewise an increasing number
of medical patients with gastrointestinal disorders or diabetes,
who would until recently have been admitted, are now in-
vestigated and treated as outpatients.
The length of stay may also be altered to correspond to

clinically acceptable local practice. Values for turnover intervals,
which often reflect administrative efficiency rather than clinical
practice, should be supplied by those who understand the local
scene.
The data might be used in the following ways.
(1) Obtain the expected size and demographic structure of

the catchment population.
(2) Determine appropriate local figures for discharge rates,

mean duration of stay, and turnover interval.
(3) Calculate the beds required from the above data.
The co-ordinating responsibility for this work would be a

suitable task for specialists in community medicine working in
collaboration with statisticians and clinical colleagues.

We should like to thank Roger Edmunds, Wendy McLean, and
Mary Gaffney for invaluable statistical advice and help. Without the
generous co-operation of numerous epidemiologists, clinicians, and
professional organisations a study of this nature could not have
been carried out.
The views expressed in this article are those of the authors and

should not be attributed to the Department of Health and Social
Security or the Office of Population Censuses and Surveys.
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