
  

  

Abstract— As hospitals struggle to meet rising demand for 
their services, efficient capacity management is critical to the 
success of their efforts. A popular strategy employed by 
hospitals to meet the variability in demand for their services is 
to ‘flex’ their capacity, i.e. to vary the number of available 
staffed beds to suit demand on a regular basis. This study uses 
data from a large tertiary hospital in South Australia to 
analyze the efficacy of their flexing protocols and the impact of 
flexing capacity on overcrowding. We also analyze the impact 
of variation in occupancy on patient flow parameters and 
compare this to previous studies conducted on similar sized 
Australian hospitals that do not flex capacity. Our findings 
reveal that flexing capacity helps the hospital spend less time 
over critical occupancy levels, and that the hospital does not 
show the signs of performance decline exhibited by hospitals 
that do not flex capacity. Areas for improvements in the flexing 
protocol and possible strategies are also identified. The findings 
support the use of flexing capacity as an efficient protocol and 
will serve as a useful guide for services seeking to improve 
existing capacity management protocols.  
 

I. INTRODUCTION 

Hospitals around the world are struggling to cope with the 
challenges of ageing populations, reduced budgets and 
resource shortages. The pandemic of overcrowding continues 
to live up to its ‘International Crisis’ reputation, linked to  
poor patient outcomes, increased waiting times, reduced 
safety and unnecessary mortality [1][2][3][4][5][6]. 

The need for a ‘whole of hospital approach’ to combat 
overcrowding is well established, and better capacity 
management and improved discharge planning are recognised  
as ‘high impact solutions’ to alleviating overcrowding in 
hospitals. Popular mechanisms employed include capacity 
management plans [7][8], census alerts [9][10][11] and the 
use of surge/flex capacity [12][13]. The Australian Institute 
of Health and Welfare defines Surge Beds and Flex Beds as 
representing the increase in the number of available beds by 
making arrangements for additional nursing and auxiliary 
staff1. In Australia, several hospitals make regular use of this 
surge capacity to ‘flex’, i.e. vary the number of available 
resourced beds to suit bed demand, increasing their everyday 
capacity to meet patient demand. There is however, to the 
best of our knowledge, no documented evidence empirically 
validating the efficacy of ‘flexing’ bed stock to meet 
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expected variations in bed demand. This study is designed to 
analyze the efficacy of their flexing protocols and their 
impact on overcrowding.  

The Royal Adelaide Hospital (RAH), South Australia’s 
largest teaching hospital, employs flexing on a regular basis 
to meet periods of high demand and as a capacity 
management process to reduce overcrowding. The hospital 
defines capacity using two terms – a Base Bed Capacity that 
represents the total resourced general bed capacity for the 
hospital, and a Flex Bed Capacity, that represents the number 
of additional general beds for the hospital that can be used if 
appropriate levels of nursing staff can be made available to 
care for the additional patients.  

In this study, we analyse the base and flex capacity of the 
hospital over a two year period to analyse the efficacy of the 
flexing protocol in meeting demand for beds and the impact 
on overcrowding. Previous studies have identified that 
hospitals exhibit three stages of system performance decline, 
or choke points, as occupancy increases [14]. We analyse  
flex capacity  as a function of hospital occupancy to identify 
if flexing capacity helps the hospital overcome these 
conventional flow blockages and alleviate overcrowding. 

 

II. METHODS 

Retrospective analysis of patient flow data from inpatient 
databases in the Patient Management System from the RAH 
was performed. The study period for patient flow analysis 
was 24 months (July 2009 – June 2011). Ethics approval for 
this study was obtained from the RAH Research Ethics 
Committee. 

Patient record data was aggregated into hourly intervals, 
and these hourly interval ‘slots’ were used as a common 
index on which patient flow parameters from different 
datasets were measured, visualised and compared (as 
suggested in [15]). Two different measures were used to 
calculate occupancy across these hourly intervals. Occupancy 
was calculated as the ratio of occupied beds to census beds 
(i.e. base capacity). Occupancy was also calculated as the 
ratio of occupied beds to flex capacity. For the purpose of 
this study, the measures were referred to as Base Occupancy 
and Flex Occupancy respectively. 

 Daily patient flow was calculated from this hourly 
information. Variations in flow parameters as a function of 
varying flex occupancy were measured and compared to 
identify interdependencies. Information measured included 
time spent at various inpatient occupancy levels, inpatient 
admission and discharge rates, emergency department (ED) 
presentation and discharge rates, ED length of stay for 
admitted and non-admitted patients, and the inpatient length  

Flexing Bed Stock : A Hospital Capacity Management Case Study 

Sankalp Khanna, Justin Boyle, Kathryn Zeitz 

978-1-4244-7929-0/14/$26.00 ©2014 IEEE 2718



  

   
Figure 1.  Time spent at various flex occupancy levels                                         Figure 2.  Time spent above 100% capacity as a function of time of day 
 

 

 
Figure 3.  Hourly capacity and bed utilization 

of stay for admitted patients. This was then overlaid and 
plotted against corresponding hourly flex occupancy to allow 
analysis of system performance at varying levels of 
overcrowding as suggested in [14]. 

 

III. RESULTS 

The time that the hospital spent at various flex occupancy 
levels is presented in Figure 1. Most of the time was spent at 
between 90% and 100% occupancy, indicating that the 
capacity was being utilized efficiently. While the hospital, on 
average, spent just over 16% of its time above 100% 
occupancy on weekdays, this was reduced to less than 2% on 
weekends.  

At a daily level, the hospital spent on average 42% of its 
time with the mean occupancy higher than the base capacity, 

while less than 2% of its time was spent with mean 
occupancy above the flex capacity. When analyzed at an 
hourly level to account for occupancy peaks and troughs 
across the day, the hospital spent more than 41% of its time 
over the base capacity, but only 11.5% of its time over the 
flexible capacity, most of it being before noon (see Figure 2. 
Note the figure only shows data for when occupancy is 
greater than 100% capacity).  

Figure 3 represents the hourly occupancy snapshot plotted 
alongside the flex and base capacity of the hospital. The 
analysis captured the occupancy peaks and troughs across the 
day and revealed that the actual bed utilization varied by 
more than 10% from planned flex capacity for less than 8% 
of the time, as compared to over 12% of the time when 
compared with base capacity. Occupancy levels measured 
lower since most of the flexing comprised of adding beds to 
the base capacity instead of closing them (see Table I).  
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Figure 4.  Patient flow as a function of occupancy defined using flexible capacity. The dashed vertical line at 99% occupancy represents a decline in flow 
performance where the rise in the rate of inpatient admissions is not tracked by the rate of inpatient discharges.  

TABLE I.  OCCUPANCY DIFFERENCES – BASE VS FLEX CAPACITY 

Occupancy Metric Using Base Capacity Using Flex Capacity 
Mean Casemix 98.02% 95.03% 
Mean Midnight 97.70% 94.72% 
Mean Minimum 94.53% 91.65% 

Mean Peak/Maximum 102.46% 99.34% 
Mean Average 98.34% 95.34% 

Casemix Occupancy is calculated on midnight utilization reported in hospital 
databases while Midnight Occupancy is calculated on measured midnight utilization.  

 

Figure 4 presents patient flow parameters, i.e. inpatient 
admission and discharge rates, emergency department 
presentation and discharge rates, and ED length of stay for 
admitted patients as a function of flex occupancy. A decline 
in flow performance was observed at 99% occupancy, with a 
rise in the rate of inpatient admissions which was not tracked 
by the rate of inpatient discharges. Patterns for ED 
presentations and discharges, and inpatient admissions rates 
from ED decreased with rising occupancy. ED length of stay 
for admitted and non-admitted patients and access block 
(boarding in ED greater than 8 hours for admitted patients) 
were not affected by variations in occupancy.  

 

IV. DISCUSSION 

The time spent at or over the planned capacity, i.e. at high 
occupancy levels, has previously been shown to be related to 
poor patient outcomes, including performance decline in 
patient flow parameters and increased likelihood of adverse 

events. When considering hourly data, the hospital spent over 
41% of its time over the base capacity, but only 11.5% of its 
time over the flexible capacity. Improved management of 
capacity using flexing allows the hospital to reduce the time 
spent over critical levels of occupancy, possibly delivering 
improved patient outcomes. Given that most of this time 
above capacity is spent in the morning, efficient patient 
discharge practices, which have been shown to help reduce 
occupancy, can help reduce this significantly.  

Analysing patient flow as a function of varying 
occupancy reveals differences in flow as compared to those 
observed elsewhere [14]. We did not observe patterns evident 
at other sites, where inpatient admission and discharge rates 
and ED presentation rates sharply increased with increased 
occupancy. We speculate that this results from the RAH 
employing a different approach to managing the release of 
their flex capacity. Employing the flex protocol thus may 
help the hospital in overcoming sharp changes in admission 
and discharge rates.  

It was also observed that ED length of stay for inpatients 
(a measure of boarding) was not affected by rising 
occupancy. While improved availability of bed stock due to 
flexing is likely to be a contributing factor, the nature of ED 
turnover, with reduced presentations and discharges at high 
hospital occupancy, also possibly contributes to this finding.  

A tipping over point of the hospital resulting from 
inpatient discharges not being able to keep up with rising 
inpatient admissions is observed (noted by the dashed vertical 
line in Figure 4), but at high occupancy levels that the 
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hospital spends only 11.5% of the time over. Improving 
capacity management protocols that help the hospital manage 
these periods of high occupancy can help alleviate the stress 
caused by poor patient flow. 

Our study explores the regular flexing of bed stock in 
response to variations in demand for service. It is important 
to distinguish this from the practise of utilising surge capacity 
for large and catastrophic levels of unexpected variations in 
demand [16][17]. 

Our findings show that flexing hospital bed stock is an 
effective capacity management strategy for the hospital. The 
hospital is able to meet bed demand efficiently, spending less 
time in overcrowded conditions. It improves patient flow and 
the system does not exhibit some of the chokepoints observed 
in other similar sized Australian hospitals that do not flex 
capacity. Our discussions with hospital administrators 
however revealed that flexing is often employed as a reactive 
process, and would improve if employed as part of proactive 
capacity management. Employing reliable prediction 
algorithms [18] and queuing models [19] to estimate demand, 
and ‘flexing’ the number of available staffed beds to meet 
this expected bed demand can help deliver further 
improvements to patient flow. We have also previously 
identified the need for the hospital to improve the efficacy of 
their capacity alert protocols [11]. These improvements, 
alongside other flow management protocols such as early 
discharge initiatives can help significantly reduce 
overcrowding, improve patient throughput and patient 
outcomes and reduce unnecessary mortality in hospitals 
around the world. 

The challenge, in this resourced constrained environment, 
thus is to ensure that flex capacity is not treated as separate 
from base capacity. The base resourced and available beds 
need to be able to flex down as well as flex up based on 
forecasted demand to deliver efficient patient flow.  

 

V. CONCLUSION 
We have analysed the efficacy of ‘flexing’, i.e. varying 

staffed available bed stock on a regular basis to  meet patient 
demand, as a hospital capacity management process. Our 
findings reveal that flexing bed stock allows the hospital to 
reduce overcrowding and improve patient flow through the 
service. We also identify the need for hospitals to engage in 
flexing as a proactive capacity management exercise, 
improve capacity alert protocols and improve discharge 
planning, especially to alleviate stress in the morning hours.  

 

VI. LIMITATIONS 
The study assessed the impact of flexing bed stock at one 

hospital and in one state that may be seen to have a particular 
demographic and climatic profile. This should be considered 
when applying the findings to other hospital service settings.  

 

REFERENCES 
[1] R. Forero, K. M. Hillman, S. McCarthy, D. M. Fatovich, A. P. 

Joseph, and D. B. Richardson, “Access block and ED 
overcrowding,” Emerg. Med. Australas., vol. 22, no. 2, pp. 119–
135, Apr. 2010. 

[2] N. R. Hoot and D. Aronsky, “Systematic review of emergency 
department crowding: causes, effects, and solutions,” Ann. Emerg. 
Med., vol. 52, no. 2, pp. 126–136, Aug. 2008. 

[3] A. Guttmann, M. J. Schull, M. J. Vermeulen, and T. A. Stukel, 
“Association between waiting times and short term mortality and 
hospital admission after departure from emergency department: 
population based cohort study from Ontario, Canada,” BMJ, vol. 
342, no. 1, p. d2983, Jun. 2011. 

[4] D. B. Richardson and D. Mountain, “Myths versus facts in 
emergency department  overcrowding and hospital access block,” 
Med. J. Aust., vol. 190, no. 7, 2009. 

[5] P. C. Sprivulis, J.-A. D. Silva, I. G. Jacobs, G. A. Jelinek, and A. R. 
L. Frazer, “The association between hospital overcrowding and  
mortality among patients admitted via  Western Australian 
emergency departments,” Med. J. Aust., vol. 184, no. 5, 2006. 

[6] J. Boyle, K. Zeitz, R. Hoffman, S. Khanna, and J. Beltrame, 
“Probability of Severe Adverse Events as a Function of Hospital 
Occupancy,” IEEE J. Biomed. Health Inform., vol. 18, no. 1, pp. 
15–20, 2014. 

[7] “Capacity Management Plan, Shady Grove Adventist Hospital 
Patient Care Policy Manual,” 
http://static2.docstoccdn.com/docs/64955538/SHADY-GROVE-
ADVENTIST-HOSPITAL-PATIENT-CARE-POLICY-MANUAL-
CAPACITY-MANAGEMENT-PLAN-Effectiv [last accessed June 
2014], 2005. 

[8] Colchester Hospital Univ NHS Foundation Trust, “Whole Economy 
Capacity Management and Escalation Plan,” NHS NE Essex, 
http://www.colchesterhospital.nhs.uk/meetings_minutes/supporting
_docs/november_2009/whole%20economy%20capacity%20manage
ment%20and%20escalation%20plan%20final%20v7%202%201.pdf 
[last accessed June 2014], 2009. 

[9] Bay Area Division, “Hospital Census Alert 1/Alert 2 System, 
Hospital Council of Northern and Central California,” 
http://cchealth.org/ems/pdf/hospital_census_alert_system_1998.pdf 
[last accessed June 2014], 1998. 

[10] S. Finefrock, “Going into ‘Overdrive:’  A Program to Manage 
Patient Throughput in the Emergency Department,” 
http://www.nursinglibrary.org/vhl/handle/10755/162725 [last 
accessed June 2014], 2011. 

[11] S. Khanna, J. Boyle, and K. Zeitz, “Using capacity alert calls to 
reduce overcrowding in a major public hospital,” Aust. Health Rev. 
J. Aust. Healthc. Hosp. Assoc., vol. 38, no. 3, pp. 318–324, 2014. 

[12] K. T. Roche, Whole Hospital Analytical Modeling and Control. 
ProQuest, 2008. 

[13] D. N. Yazgi Tütüncü, “Short-Term Hospital Bed Extra Capacity and 
Mix Problem,” http://lem.icl-lille.fr/portals/2/actus/dp_200913.pdf 
[last accessed June 2014], 2009. 

[14] S. Khanna, J. Boyle, N. Good, and J. Lind, “Unravelling 
relationships: Hospital occupancy levels, discharge timing and 
emergency department access block,” Emerg. Med. Australas., vol. 
24, no. 5, pp. 510–517, 2012. 

[15] S. Khanna, J. Boyle, N. Good, J. Lind, and K. Zeitz, “Time based 
clustering for analyzing acute hospital patient flow,” in 2012 Annual 
International Conference of the IEEE Engineering in Medicine and 
Biology Society (EMBC), 2012, pp. 5903 –5906. 

[16] B. R. Asplin, T. J. Flottemesch, and B. D. Gordon, “Developing 
Models for Patient Flow and Daily Surge Capacity Research,” Acad. 
Emerg. Med., vol. 13, no. 11, pp. 1109–1113, 2006. 

[17] J. L. Jenkins, R. E. O’Connor, and D. C. Cone, “Differentiating 
Large-scale Surge versus Daily Surge,” Acad. Emerg. Med., vol. 13, 
no. 11, pp. 1169–1172, 2006. 

[18] J. Boyle, M. Wallis, M. Jessup, J. Crilly, J. Lind, P. Miller, and G. 
Fitzgerald, “Regression forecasting of patient admission data,” 
Conf. Proc. Annu. Int. Conf. IEEE Eng. Med. Biol. Soc. IEEE Eng. 
Med. Biol. Soc. Conf.,  pp. 3819–3822, 2008. 

[19] L. Green, “Queueing Analysis in Healthcare,” in Patient Flow: 
Reducing Delay in Healthcare Delivery, R. W. Hall, Ed. Springer 
US, 2006, pp. 281–307. 

2721


