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Key Points

Queuing theory explains why the average occupaapgids on the size and functional
requirements of each specialty bed pool.

Smaller bed pools need to operate at lower avevaggpancy.

As average occupancy increases the undesirablastie'turn-away’ (the proportion of
time a bed is not available for the next arrivimgient) starts to occur and increases in an
exponential manner.

‘Turn-away’ can be understood as queues for admut;elled operations, medical
patients in surgical beds, inability to achievetimgi time targets and the general
appearance of organisational chaos including gmtedsant medication for staff, hospital
errors, cross-infection and deaths.

A national average occupancy of 78% applies toiteispvith 1,000 beds in the USA
and the national average figure for Europe is astotif9o

Average occupancy of 87% in the UK is the resul pblicy to build smaller hospitals
but has considerable undesirable implicationsafi ahd patients.

The average occupancy at the South Staffordshspitabin England is used to illustrate
the unrecognised role of excessive whole hospitalijpancy which, along with other
factors, contributed to an estimated >400 exceathde@ver a four year period.

The challenge is to develop predictive supportoms which allow hospitals to minimise
cost by staffing the patients in a bed rather tharbeds per se.

Abstract

Part one of this series investigated the adequicyroent models used to forecast bed
demand. This part explores the issues surrountdmgadrrect level of occupancy required
to deliver effective and safe health care. Econofrgcale as explained by queuing
theory is a significant factor in understanding bedupancy. However, irrespective of
the occupancy specific to different sized hospig@sbsolute maximum occupancy
(even during the winter months) in the range 82%5% is required to maintain the level
of hospital acquired infection at the minimum pbsievel.
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Introduction

Recent articles have highlighted the importancenoferstanding the multi-factorial
issues of hospital size and bed occupancy (Baah 2210, Jones 2010b, Keegan 2010,
McCarthy 2010). In this respect the work of Damsithematician A.K. Erlang (1878-
1929) on queuing theory enables us to gain valuablght into the intricate issues
surrounding hospital average occupancy (Marjot 183@ckmeyer et al 2004, Bain et al
2010). While queuing theory was developed to datezrthe capacity of telephone
networks all that is required is a change of namenderstand its direct application to
health care. Telephone lines become hospital ledsate at which calls arrive becomes
the admission rate into beds and the average wadtidn becomes the average length of
stay.

What does queuing theory tell us?

The simplest form of queuing theory is called Egdhwhere it is assumed that if there

is not an available bed then the arriving patisrdiverted elsewhere. Maternity and
intensive care most closely conform to Erlang-Byeweer, what this equation does
provide is an estimate of the level of ‘turn-awéjones 2002a-c, 2003). The easiest way
to appreciate what turn-away may imply is to coesitias a measure of the chaos,
difficulty and effort implied in running the hosgilt i.e. ambulances diverted elsewhere,
patients held on trolleys in the emergency depamtimmedical patients in surgical beds,
cancelled operations, managers and cliniciansihastarranging schedules, bed
management meetings and general operational coityplexdeed high bed occupancy
has been demonstrated to increase almost all detyheneasures of ‘poor performance’
such as the waiting time to find a bed, staff stresssatisfaction and prescriptions for
antidepressants, levels of hospital acquired irdacerrors and excess deaths (Forster et
al 2000, Borg 2003, Cunningham et al 2005, Sprsvetial 2006, Cunningham et al 2006,
Borg et al 2008, Clements et al 2008, Gidney 20@@anen et al 2008, Borg et al 2009,
Hillier et al 2009, Schilling et al 2010, KeeganlP). The key point from Erlang-B is

that a small incremental increase in average ocaypl@ads to an exponential increase
in organisational chaos, complexity of managemadtadverse outcomes.

Using data from English hospitals one study wae &bdemonstrate that Maternity units
need to have sufficient beds to operate at a twanydevel between 0.1% and 1% (Jones
2002a-c). A similar calibration process showed thatvarious specialty bed pools need
to have sufficient beds to operate at the equivateB8% turn-away, i.e. elective waiting
lists, queues in A&E and the bed management pragass sufficient of a buffer to allow
this higher level of complexity to be maintainedr(ds 2002a-c, 2003, 2010b). The figure
of 3% turn-away was considered to be a pragmatigpcomise between operational
efficiency and the capital cost issues applicablihé UK but comes at the cost of not
being able to guarantee waiting time targets. Waek was used to explain why hospitals
in different regions may experience greater difficin achieving inpatient waiting time
targets (Jones 2010a).
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The next key observation from Erlang-B is that demalnits have to run at lower average
occupancy and this explains the observed highesimyicost per bed day in smaller
wards (Raspin 2009) and the lower average occupainegrved to be associated with the
smaller specialty bed pools in ENT, Gynaecologyaedatrics (Baillie et al 1997). This
is illustrated in Figure 1 where the number of &lde beds in a single function bed pool,
average occupancy and lines of constant turn-awagladisplayed on the same graph.
At this point it should be appreciated that anycgdest bed pool needs to have its
individual occupancy margin determined by its sime not by some one-size-fits-all
hospital average. The number of available bedsiphied by the average occupancy
gives the number of occupied bed days or averagepied beds.

Figure 1: Occupancy in dedicated bed pools
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Footnote: A dedicated bed pool could be a single specialt/gumol such as Maternity or
Paediatrics; or a functional group such as femaleggcal, male medical, Trauma and
Orthopaedics, Gynaecology, elf@bles of average occupancy for 0.1% to 1% turnyaara
available fromhttp://www.oldwww.com.dtu.dk/teletraffic/erlangbfus268-275.pdf

It has been pointed out (Jones 2009b) that thedigti85% average occupancy which
arose from the work of Bagust et al (1999) needsetmterpreted in the context of the
assumptions applied in their study, namely, seds@mgtion in bed demand is small and
that the bed pool only has 200 beds. As can beiadégure 1 at 200 beds the average
occupancy required to achieve a theoretical 1% &way is indeed close to 85%,
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however, the real world encompasses hospitals pexiadty bed pools which range from
very small to very large. In situations where thisra high degree of seasonality such as
Medicine, Paediatrics or Orthopaedics (Jones 2022@9) then a summer/winter
component needs to be introduced into the undetistgiof bed requirements (Jones
2008, 2009). An alternative figure of 82% arosedithe National Beds Inquiry
conducted during 2000 in England (Department ofltHe2001).

However the main conclusion from Figure 1 is afinite range in occupancies which
will apply to bed pools of differing size, functi@md complexity and that figures such as
82% and 85% only apply to a specific set of circtamses and almost certainly not to
whole-hospital bed occupancy.

Figure 2: Whole hospital occupancy
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Footnote: National and regional averages for the number dilable beds and average
occupancy in the USA during 2008 for a range dediint sized hospitals (less than 50 beds,
small, medium, large and greater than 500 beds) ex&iacted from the ‘Statistics on US

hospitals’ section of the Agency for Health Cared¢®ch & Quality website
(http://hcupnet.ahrg.gov/HCUPNet.jsp?1d=5D189B17D0B@8&Form=SelDB&JS=Y &Action=%3E%3ENext%3E%3E& DB=8NI

08). Data for English hospitals in 2008/09 was obtaifiein the Department of Health website
(http://www.performance.doh.gov.uk/hospitalactivigth requests/beds_open_overnight)htm
the average available beds and occupancy was @kdifrom the data ranked by hospital size
(number of beds) using groups of 10 hospitals. D&ta selected from those groups showing
lowest average occupancy.




An edited version of this article has been publisas: Jones R (2011) Hospital bed occupancy
demystified.British Journal of Healthcare Management 17(6): 242-248. Please use this to cite.

Having shed light on the issue of occupancy inlsifignction/specialty bed pools we
now need to understand the issues around wholathbaperage occupancy and to
achieve this Figure 2 displays average occupanizyfdahospitals of different size in the
USA and England. The trend line through the data&ézh country is the equivalent to a
trend line for national average occupancy. Thalreespecialty bed pools (i.e.
Paediatrics, Medicine, Surgery, Trauma & Orthopegdtc) with their own unique size
and occupancy as described by the lines of congtemfaway explains why the whole
hospital average occupancy for US hospitals apgedrs low, i.e. the hospital average
occupancy is the average of the unique occupan€i@sits constituent bed pools.

The issue as to why the trend line appears to gieééying theory as hospital size gets
smaller can be explained as follows. Lines of comigcation are far shorter in smaller
hospitals and resulting operational managemeritestd rapid and effective. In addition,
smaller hospitals are characterised by a less @agalse mix which implies that beds
can be treated as a single pool rather than angamabf smaller ‘closed’ specialist

pools. Many of these smaller hospitals are alsd-ségutive in that they decant patients
from nearby larger acute facilities whenever a becomes available. The issues specific
to the extremely high national average trend ImEmgland will be discussed later.

If we assume that the US health care system opeaitomewhere close to 0.1% turn-
away we can estimate the average bed pool sizénvditferent larger hospitals. In
Figure 2 the dashed line from average occupan29@beds goes across to the 0.1%
turn-away line and down to 40 beds, hence the gedds hospital with 200 beds is
comprised of specialty bed pools with an average af 40 beds (including male/female
split). Using the same process gives specialtypaith an average size of 155 beds for
hospitals with a total of 1,000 beds.

Other Factors

The alliance between health care and governmergadsssarily tempered by the policies
of the incumbent government and the wealth/augtarniposed by the longer term
economic cycles. Acute bed demand is subject tefowhich are poorly understood and
hence it has been easier to rely on the existinhodelogies for forecasting hospital size
than to ask uncomfortable questions regarding degwacy of those methods (Jones
2002a-c, 2003, 2010).

An example of such tension lies in two recentlgasked documents from the Department
of Health (DH) in England which have re-iteratedesire for fewer hospital beds. The
‘Operating Framework for 2010/11’ refers to redacs due to cardiac rehabilitation and
quality/productivity respectively (DH 2009a) whilerom Good to Great’ lists a range of
initiatives which will shift acute care into thernmunity and claims that up to 77% of
inpatient bed days may be devoted to the caretadrga with long term conditions (DH
2009b). These are statement of how bed demangected to ‘perform’ rather than a
reasoned analysis of all the contingent factorgaesible for bed demand and its
associated safe occupancy levels.
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Over the period 1997/98 to 2009/10 average occypanenglish general and acute beds
has risen from 80.5% to 86.6% which is a reflecbda deliberate policy to build

smaller hospitals (Pollock et al 2002, Jones 2008dgording to the HFA Database
(http://www.hope.be/03activities/quality _eu-hosfsiteey figures/O6-acute care-
bed_occupancy_rate.pdf) the UK has the highestgedned occupancy in Europe with
the next highest occupancy in Malta, Austria andispt around 80%. The European
average is 77% and this roughly corresponds tavkeage occupancy in the USA for
hospitals with 1,000 beds. The hospital averagemaacy comes from a mixture of
individual bed pools. Some of these bed pools, sisdRaediatrics and Maternity, are
‘closed’ bed pools and by virtue of size operat@aatower average occupancy (Baillie et
al 1997, Jones 2002a-c). This explains why, evem annual average occupancy of
85%, the adult bed pools in hospitals still opeedtelose to 100% occupancy for
extended periods during the winter months — witlulteng queues in the emergency
department and patients placed in inappropriatepoets. For example, a hospital with
1,000 acute beds operating at a whole-hospitabgeeoccupancy of 92.9% would imply
0.1% turn-away but there would be no specialtydgeor age boundaries and the next
arriving patient would go wherever a bed becamdabla, i.e. elderly medical patients
in paediatric beds, etc. Such a hospital has aetievaximum theoretical bed occupancy
efficiency but at the total expense of patient cBed occupancy in England appears to
be dangerously close to meeting this criterion.

In theory, the entire surgical bed pool should bgased’ pool, as common sense
(indeed good medical practice) dictates that nowaitle a medical condition should ever
be placed near surgical patients, and for thisorease suspects that the European and
USA average of 77% is probably closer to the requirement for a national average
hospital occupancy rate (individual hospital avesadepending on size and specialty
mix). This is especially true if the absence of etb>sex wards is considered a desirable
objective (Jones 2009b).

Case Study

Between 2005 and 2008 it is estimated that 400 ifmax possible 1,200) excess deaths
may have occurred at the Mid Staffordshire Hospit&ngland. In the period January to
March 2006 the rate of Clostridium difficile per@®bed days was twice the national
average (Healthcare Commission 2009) and geneoalqouling standards coupled with
under-reporting suggest this figure was actualjjnbr. As can be seen in Figure 2 in the
year 2007/08 this hospital had a hospital-wide ahauerage occupancy of 84.5%
(http://www.performance.doh.gov.uk/hospitalactivitafa requests/beds_open_overnight
.htm), yet no where in the ensuing report on the fgdiat this hospital was excessive
hospital average occupancy mentioned as contrip@éotor. This point is reinforced by
studies which have demonstrated that high hospa@lpancy (measured on the day of
admission) leads to excess in-hospital deaths\@iet al 2006, Schilling et al 2010).

It would appear that the generally high averageipancy in England had blinded the
regulators to the potentially catastrophic consagas of attempting to run any hospital
at such high occupancy levels. At this point itdse® be pointed out that the trend line
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for England applies to hospitals with the lowestrage occupancy; hence the real
average is higher. Indeed in 2008/09 some 28% ¢iL1®f 398 hospitals with greater
than 100 general and acute beds) in England haxitegppwhole-hospital annual average
occupancy above the 0.1% turn-away line, i.e. plication, patients are being placed
into any available bed rather than the bed poaédub their specific needs.

Given the fact that the annual average occupanEygland is around 87% and that this
average includes lower average occupancy spesiéBllie et al 1997) and the
summer/winter average; suggests that the bulkeo&thult bed pool in most English
hospitals operates at a daily average occupaneg ¢t0100% for at least six months of
the year. The work of Sprivulis et al (2006) dentmated that such high daily occupancy
leads to a 30% increase in in-hospital deaths;édre ‘average’ for in-hospital death in
England is an entirely elevated ‘base-line’ agamsich the excess deaths at Mid
Staffordshire were evaluated.

The policy to build smaller hospitals appears teehplaced the NHS in England in a
perilous position where very high average occupamegents opportunity for all
hospitals to become another ‘Mid Staffordshire’eTdhose proximity between patients
afforded by such high average occupancy amplifiegpbtential for large numbers of
excess deaths. The much lower average occupant$ hospitals provides a buffer to
limit the wider impact of breaches of governancerexthey to occur.

Given the fact that parts of the US health caréesydrave excess capacity the line
labelled ‘Suggested’ is provided as a potentianezice point from which to understand
what may be an adequate annual average whole-ablspit occupancy level. As can be
seen this ‘Suggested’ line passes through the hmlerage percentage occupancy
characterising large inner city hospitals in thghly populated Northeast region
(Connecticut, Maine, Massachusetts, New HampsRNeg; Jersey, New York,
Pennsylvania, Rhode Island and Vermont) of the UB# occupancy figures for
England then become a worst case position for pitabsystem which could be said to
be operating on the brink of operational chaosjrhbility to place patients into the most
effective bed pool to achieve efficient care anditvhay be internationally high levels of
in-hospital excess mortality. The known effectigh occupancy and throughput on
staff stress, burnout and dissatisfaction (Virtaeeal 2008) may well be an underlying
cause for the general low staff satisfaction inlEshghospitals (Appleby 2008).

This entirely unsatisfactory situation places mgsstaff in an ethical dilemma which is
only compounded by the generally lower than reguiegio of nurses to patients
(Clements et al 2008).

Conclusions

Queuing theory is a useful tool for explaining wdige and occupancy are directly
linked. The question is not about what average whokpital occupancy should we use,
but rather, what occupancy is appropriate to agwed of this particular size and
function? The challenge then becomes how to dtafpatients rather than the beds and
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what supporting tools are required to achievedbel (Jones et al 2002, Jones 2009a,b,
2010). Attempts to save both capital (and impliedfscosts can then be seen in their
true light and the full extent of the unanticipatehsequences for staff and patients can
be appreciated. Whole-hospital annual average beapancy from the USA has been
included as a benchmark and the excess deaths &btith Staffordshire hospital in
England can be seen to have been partly aidedd®ss»xaverage occupancy.

As a final comment, high bed occupancy is univéysalcognised as a source of hospital
acquired infection(s) (HAI). HAI is a major contuting cause to higher whole hospital
average length of stay (Dulworth & Pyenson 2004) een treble the cost of care for
those infected (Plowman et al 1999). A recent Rie3is on the topic of infection control
has concluded that HAI increases significantly a&82% average occupancy, however,
the evidence regarding single room accommodatianveay of preventing hospital
acquired infection is weak (Gidney 2008). Obvioustythe levels of HAI increase there
is a greater perceived need for single room accashatian to isolate infected patients.
Hence average occupancy in the 82% to 85% rangddshe regarded as entering into
the danger zone and thus from the infection comteaspective no hospital should ideally
be allowed to operate above 85% average occupaney @uring the winter).

This issue is directly relevant to the situationia UK where levels of hospital
occupancy are so high. To move the average occyfmauk into the recommended 82%
to 85% range should therefore make a significapiichon the levels of HAI and hence
on the perceived need for single room accommodaltmieed the excessive levels of
occupancy may well prove to be the single most mamb factor blocking the
progression to lower length of stay that is requit@reduce inpatient costs.

Hopefully this article has provided the concepfuaiework within which managers and
planners can appreciate the wider implicationsosiiital occupancy and how too high
occupancy may be preventing the efficient operabioacute hospitals to which we all
aspire.
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