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Key Points 

 
• Queuing theory explains why the average occupancy depends on the size and functional 

requirements of each specialty bed pool. 

• Smaller bed pools need to operate at lower average occupancy. 

• As average occupancy increases the undesirable effects of ‘turn-away’ (the proportion of 

time a bed is not available for the next arriving patient) starts to occur and increases in an 

exponential manner. 

• ‘Turn-away’ can be understood as queues for a bed, cancelled operations, medical 

patients in surgical beds, inability to achieve waiting time targets and the general 

appearance of organisational chaos including antidepressant medication for staff, hospital 

errors, cross-infection and deaths. 

• A national average occupancy of 78% applies to hospitals with 1,000 beds in the USA 

and the national average figure for Europe is around 77% 

• Average occupancy of 87% in the UK is the result of a policy to build smaller hospitals 

but has considerable undesirable implications to staff and patients. 

• The average occupancy at the South Staffordshire hospital in England is used to illustrate 

the unrecognised role of excessive whole hospital occupancy which, along with other 

factors, contributed to an estimated >400 excess deaths over a four year period. 

• The challenge is to develop predictive supporting tools which allow hospitals to minimise 

cost by staffing the patients in a bed rather than the beds per se. 
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Abstract 

 

Part one of this series investigated the adequacy of current models used to forecast bed 

demand. This part explores the issues surrounding the correct level of occupancy required 

to deliver effective and safe health care. Economy of scale as explained by queuing 

theory is a significant factor in understanding bed occupancy. However, irrespective of 

the occupancy specific to different sized hospitals an absolute maximum occupancy 

(even during the winter months) in the range 82% to 85% is required to maintain the level 

of hospital acquired infection at the minimum possible level. 

 

Introduction 

Recent articles have highlighted the importance of understanding the multi-factorial 

issues of hospital size and bed occupancy (Bain et al 2010, Jones 2010b, Keegan 2010, 

McCarthy 2010). In this respect the work of Danish mathematician A.K. Erlang (1878-

1929) on queuing theory enables us to gain valuable insight into the intricate issues 

surrounding hospital average occupancy (Marjot 1987, Brockmeyer et al 2004, Bain et al 

2010). While queuing theory was developed to determine the capacity of telephone 

networks all that is required is a change of name to understand its direct application to 

health care. Telephone lines become hospital beds; the rate at which calls arrive becomes 

the admission rate into beds and the average call duration becomes the average length of 

stay. 

 

What does queuing theory tell us? 

 

The simplest form of queuing theory is called Erlang-B where it is assumed that if there 

is not an available bed then the arriving patient is diverted elsewhere. Maternity and 

intensive care most closely conform to Erlang-B; however, what this equation does 

provide is an estimate of the level of ‘turn-away’ (Jones 2002a-c, 2003). The easiest way 

to appreciate what turn-away may imply is to consider it as a measure of the chaos, 

difficulty and effort implied in running the hospital, i.e. ambulances diverted elsewhere, 

patients  held on trolleys in the emergency department, medical patients in surgical beds, 

cancelled operations, managers and clinicians hastily re-arranging schedules, bed 

management meetings and general operational complexity. Indeed high bed occupancy 

has been demonstrated to increase almost all of the key measures of ‘poor performance’ 

such as the waiting time to find a bed, staff stress, dissatisfaction and prescriptions for 

antidepressants, levels of hospital acquired infection, errors and excess deaths (Forster et 

al 2000, Borg 2003, Cunningham et al 2005, Sprivulis et al 2006, Cunningham et al 2006, 

Borg et al 2008, Clements et al 2008, Gidney 2008, Virtanen et al 2008, Borg et al 2009, 

Hillier et al 2009, Schilling et al 2010, Keegan 2010). The key point from Erlang-B is 

that a small incremental increase in average occupancy leads to an exponential increase 

in organisational chaos, complexity of management and adverse outcomes. 

 

Article continues…… 
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