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History

Critical care is recognised to be one of the key acute hospital services [1].
Unfortunately, due to the competing demands of emergency and elective
admissions, patient flow through the entire hospital can be constrained by
inadequate critical care capacity. Such constraints are usually manifest as
postponed operations for elective admissions and non-clinical transfers for
emergency patients. Although the number of critical care beds has increased
since 2000 [2] (Figure 1) it is unclear, in the face of greater hospital activity,
whether the extra critical care capacity is sufficient to prevent critical care from

being a ‘bottleneck’ within the hospital system.

Figure 1. The number of ICU beds (triangles), HDU beds (squares) and total
critical care beds (diamonds) in England reported in the bi annual critical care

bed KHO3a census.
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There is wide variation in all aspects of critical care. Most importantly, there
are enormous differences in the lengths of stay of patients. Such differences
are present even between patients within the same diagnostic group because
of variations in the severity of their illness. The case-mix of patients will vary
between critical care units depending upon the specific hospital population
they serve. For example, there are specialist critical care units looking after
patients following cardiac or neurosurgery and units providing specialist care
to paediatric, liver and burns patients, as well as more standard general adult
critical care units. Such heterogeneity frequently makes it difficult for
managers or purchasers of healthcare to gain an overall picture of how a
critical care unit is operating. It also makes it almost impossible to compare
critical care units, which might be considered similar. Clinicians delivering
critical care often have to concentrate on operational aspects of service
delivery, such as when the next ICU bed will become available and, if
necessary, which patient will be transferred to another unit. As a result,
clinicians can lose, or fail to appreciate, the overall dynamics of patient flow
through their units and what might be done to improve, or at least ameliorate,

the situation.

The understandable response to seemingly inadequate capacity is that critical
care needs more beds. This may indeed be true, but two important questions
need to be answered before simply increasing critical care bed numbers. First,
is there any evidence to show that the present capacity is being used as
effectively as possible? Clinicians running busy critical care units may, with

some reason, argue that consistently high occupancy rates demonstrate that



there is little they can do to improve efficiency. However, this may not
necessarily be true. Second, what improvement in patient flows could be
expected following any investment in expensive critical care beds? Rather
than qualitative answers, purchasers could reasonably expect accurate
forecasts about the expected increase in numbers of patients treated and the
numbers of postponed operations and non-clinical transfers following the

investment of £310,000 per annum, the price of a Level 3 (intensive care) bed

[3].

Methods

In early 2004, the Modernisation Agency, and subsequently the Emergency
Care Team at the Department of Health and the Intensive Care Society
agreed to review the possible ways in which these two questions could be
addressed. A small working group of interested volunteers was formed and
the group is now in a position to describe some of their results. After reviewing
the literature for prior examples of flow and capacity modelling applied to
critical care, the group felt that the two questions would be best answered by

the following approaches.

a) Mapping patient flow through critical care

A simple patient flows model had been produced under the auspices of the
Modernisation Agency [4] and was tested in a number of individual critical
care units and also across whole critical care networks. The Working Group
recognised that various enhancements could be made to the model to make it

both easier to use and more useful to clinicians, managers and purchasers.



Based upon experience within the Working Group and after a call for
suggestions from the critical fraternity, various adjustments to the model were

made.

b) Effects of changes in flows

As critical care bed spaces are expensive to equip and staff, it is not
unreasonable to try and quantify the likely consequences of any capacity
changes. This would quantify the enhancement in service delivery in terms of
extra patients treated, decreases in postponed elective operations and
decreases in non-clinical transfers. Computer simulation has been used in
other spheres of medicine and is recognised as a robust technique [5-7]. The
combination of an appropriate grouping of the patients using classification and
regression tree analysis (CART) [8,9] and the computer simulation of patients
passing through a critical care unit can evaluate the effects of changes in
critical care capacities and selected changes in the case load or case mix.
This combination has been described previously for critical care [10,11] and

since then the model has been refined further.

Results
a) Mapping patient flow through critical care
The patient flow model is available for download from the Patient Flows web-

page of the Intensive Care Society’s website (www.ics.ac.uk). The flow model

graphically describes the current use of critical care beds on an hour-by-hour
basis. The model requires relatively simple inputs (i.e. the level of care

required by the patients in any occupied beds or the status of any unoccupied



beds e.g. empty, being cleaned, closed) and also records the actual demand
for critical care (as opposed to simply measuring activity). Any unmet demand
is captured by creating ‘virtual’ critical care beds that indicate a patient being
cared for elsewhere (e.g. theatre recovery, Accident & Emergency
Department or another hospital). A high number of virtual patients is a clear
marker of demand exceeding capacity. The graphical output of the model can
be customised, but principally shows the hourly occupancy of all the beds
over time (Figure 2 shows an example). The output is useful because it
shows the relative demand for level 2 (high dependency) care versus level 3
(intensive) care. It clearly demonstrates what impact closure of beds (e.g.
due to staff shortages) and delayed discharges will have on occupancy and

patient flows.
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Figure 2. An example of a summary graph from the flows model. The format
and the data displayed can be tailored to suit the end user. The levels
describe the level of care required by the patients; VB are virtual beds
representing patients elsewhere awaiting admission. The solid black line

represent unit capacity (at 310 hrs activity).
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b) Effects of changes in flows
In essence, using historical data from a particular critical care unit, CART
produces an appropriate grouping of patients which reduces the heterogeneity

in their lengths of stay. A computer programme then uses these groups of



patients to simulate the flow of all patients through the critical care unit for a
fixed length of time (usually one year). The simulation is run several times to
get sufficiently precise results and the final output summarises all these
simulation runs. Table 1 compares the model predictions based on running
the model for 50 x 1 year simulations for a critical care unit with 13 beds using
CART analysis of the available data and the information about the unit. This
table includes the 95% confidence limits for the mean values calculated from
the 50-year run. There is a good match between the available data and the

tuned model giving reasonable estimates of the various mean values.

Tablel. Critical care data (actual data first column) and model predictions for

a unit with 13 beds

Actual data  Model Model lower Model upper
and mean 95% limit 95% limit

information value

Emergency 822 821 814 828
Admissions

Elective Admissions 190 191 187 195
Total Admissions 1012 1012 1004 1020
Bed Occupancy About 80%  80.3% 79.3% 81.3%
Deferral Rate About 20%  21.5% 20.5% 22.5%
Transfer Rate About 1% 1.2% 1.0% 1.4%

A successfully tuned model can be used to evaluate a variety of scenarios

about capacities and patient flows. Table 2 illustrates the effects of changes



in both the number of beds and patients in terms of bed occupancy and the
service delivery. With increased capacities and the original number of
patients (1012), service levels will improve and the pressure on the critical
care unit, as measured by the bed occupancy rate, will decrease. With the
base case service levels, increased capacities will mean that a greater

number of patients can be admitted to the critical care unit.

Table 2. Predictions for the effects of increased capacities and increased

number of patients. The original situation is 13 beds.

Beds 13 14 14 15 15 16 16
Emergency 821 819 912 822 934 944 1047
Admissions

Elective 191 190 208 192 212 210 234
Admissions
Total Admissions | 1012 1009 1120 1014 1146 1154 1281
Bed Occupancy | 80.3% 74.2% 82.3% 70.2% 79.8% 74.5% 81.8%
Deferral Rate | 21.5% 12.6% 24.0% 7.8% 17.9% 11.0% 19.7%

Transfer Rate | 1.2% 0.6% 18% 04% 1.1% 05% 1.2%

Table 3 shows the effects of a particular change in the case-mix of the
patients and Table 4 shows the effects of reductions in the delayed

discharges.



Table 3. Predictions with an extra 20 planned general surgical patients.

Data 13 Beds 14 Beds

Emergency Admissions 822 822 819
Elective Admissions 210 209 212
Total Admissions 1032 1031 1031

Bed Occupancy 81.8% 76.2%
Deferral Rate 23.0% 15.1%

Transfer Rate 1.3% 0.6%

Table 4. Predictions for improved service delivery with reductions in delayed

discharges
Tuned 0.5 Day reduced 1.0 Day reduced
Data Model 13Beds 12Beds 13Beds 12Beds
Emergency 822 822 818 820 825 816
Admissions
Elective 190 192 192 194 190 194
Admissions
Total Admissions 1012 1014 1010 1014 1015 1010
Bed Occupancy About 79.2% 70.4% 76.6% 62.1% 68.4%
80%
Deferral Rate About 19.8% 11.5% 19.1% 42% 9.3%
20%
Transfer Rate | About 1% 1.2% 0.5% 1.1% 0.1% 0.4%




Discussion

a) Mapping patient flow through critical care

The information provided by the patient flows model enables process
anomalies to be identified that can then be the focus of improvement efforts.
Persistently high critical care usage is graphically shown over time, rather
than as a single summary occupancy percentage, thus better communicating
the operational realities that critical care clinicians face on a daily basis.
Clinical experience with the model suggests that once in place, this level of

data collection and entry is not considered onerous by most staff.

If a critical care unit can demonstrate that despite making every effort to
prevent bed closures due to staff shortages, minimise delays in discharge and
provide best practice care, occupancy and virtual patient numbers are
persistently high, then its request for additional capacity would seem well

founded.

b) Effects of changes in flows

The combination of grouping patients and simulating their flow is a very
helpful planning tool for making robust decisions about changing capacity
and/or case load. This sort of modelling approach can also be used for
managing existing capacities and existing patient flows through a “diary
planner” which considers the current state of the critical care unit and looks
ahead, for example, to four weeks. Such short-term prediction could allow the

matching of staffing levels to peaks and troughs in demand, booking of



elective patients and, as a result, better matching service delivery to demand.

This work is being undertaken by the Working Group at present.

Conclusion

The patient flows model and supporting documentation is freely available on
the Intensive Care Society website. This approach to better understanding
capacity and demand issues is being actively promoted via Critical Care
Networks and the Intensive Care Society. Use of the simulation model
requires training and it is hoped that this will be available in the summer of
2006. Validation of the predicted effects of changes in capacity for a small,
medium and large critical care unit are being performed at the moment and
will be published in the summer of 2006. The short-term prediction model for
managing existing capacities and existing patient flows is likely to be ready by
2007. The patient flows model and capacity simulation may help Trusts to
develop robust cases for alterations in critical care provision. The graphical
representation of the effects of these changes may be more easily

appreciated by all concerned with the delivery of critical care.
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