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1 Background 

Whole Systems Partnership was asked to develop a simple systems model to allow St 
Christopher’s Hospice to explore the impact of changes in length of stay on inpatient 
occupancy and capacity.     

Section 2 of this report provides a user guide to the online model. Sections 3 and 4 provide 
additional information on the model itself and on the baseline data used to initialise it. 

2 Model user guide  

The model can be accessed at the following link:  St Christopher's inpatient capacity 
model 

2.1 The model interface 

2.1.1 Front page 

The front page of the online model is shown below 

 

 

The model front page enables the user to navigate to the change assumptions page, 
to select options for changes to be applied, and to run and reset the model. 

http://www.thewholesystem.co.uk/systems-thinking-modelling/hosted-online-models/bed-capacity-model/
http://www.thewholesystem.co.uk/systems-thinking-modelling/hosted-online-models/bed-capacity-model/
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2.1.2 Running the model 

Click the ‘Run’ button to run the model.  The front page should then look like this: 

 

The graph shows modelled inpatient occupancy assuming all the baseline values are 
maintained, and no change in lengths of stay are applied. 

2.1.3 Navigating to the change assumptions page 

Click the ‘go to change assumptions’ button.  You will see this page. To return to the 
front page click the ‘Home’ button. 
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2.1.4 Options within the model 

Options can be introduced by using the sliders, numeric inputs and dials. 

Switches on the front page look like this: 

 

They can be used to activate reductions in: 

 The proportion of patients who stay beyond the active treatment spell 

 The average length of time spent as an additional spell for those patients who 
do stay on 
 

To activate a switch, click it.  A green light will appear on the switch when it is activated, 
like this: 

 

Note that the switches operate independently – you can activate either, both or none 
at any one time. 

Numeric inputs on the change scenario page look like this: 

 

Or this 

 

These are used to change starting values for a model run, and so temporarily adjust 
baseline values or estimates. 

Or this 

 

These are used to change target values for a model run, and so will affect how large a 
change is made once the relevant switch is activated. 

To change any of the numeric inputs, double click on the number and type in your 
amended value. 
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Dials on the change scenario page look like this:  

  They can be used to vary the starting week and 
duration of the changes made once the relevant 
switch is selected. 

To change any of the dials, either grab the orange/ 
green bar and drag it to a new position, or click on 
the number in the centre of the dial and type in a 
revised value. 

 

 

 

 

2.2 Run the model with changes applied 

 Return to the home page 

 Do not press ‘reset’ (if you have, just press ‘run’ again) 

 Activate the switch on the left (“switch in reduction in % staying on”) 

 Now run the model again 

You should see this: 

 

The model has used the default assumptions shown in the change assumptions page: 

 A reduction from 100% of patients staying beyond the active treatment spell to 
50% of stable, unstable and deteriorating patients 

 No change in the average additional stay for those patients who do stay on 

 The change takes effect from week 52 of the model and takes 26 weeks to be 
fully implemented 
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 Now turn off the first switch, turn on the second, and run again: 

 
 

 Now turn both switches on and run again: 
 

 

The runs show the projected impact of making both changes separately or together on 
overall average bed occupancy. 

 To restore the model to its starting position, click ‘reset’. 
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2.3 Build a new scenario 

Use the switches, numeric inputs and sliders to build the scenario you want to test, 
navigating between the pages as required.  When you have finished click ‘home’ and 
run the model again.   

2.4 Example 

The picture below shows the model interface for a scenario comparing the baseline run 
to: 

 Both changes implemented (both switches on) 

 Reductions to 50% of stable staying on, but no change in any other cohorts (ie 
100% of these cohorts stay on) 

 A reduction to 1 additional day for those stable patients who do stay on, and no 
change in other cohorts 

 A 13 week implementation period for both changes 
 

For this scenario, the change page looks like this: 
 

 
 

  



7 

 

And the home page looks like this: 
 

 

2.5 Don’t forget: 

 If your scenario doesn’t seem to have made a difference, check that you have 
the right switch(es) activated 

 Runs will be added to the chart until you press ‘reset’ 

 You can’t break the model – ‘reset’ will return it to its original state 
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3 About the system dynamic model  

3.1 Model scope 

The model simulates the impact of changes in inpatient stays on bed occupancy.  It does 
not seek to model the outcomes achieved by the system currently or in future.  It 
excludes any costs or workforce assumptions. 

The model is based on analysis of inpatient data carried out by St Christopher’s and 
WSP including: 

 Analysis of admissions by diagnosis and phase of illness 

 Identification of key cohorts by phase 

 Analysis of admissions by length of stay within cohorts 

 Estimates of the breakdown of average ‘active’ and ‘additional’ stay for each 
cohort. 

3.2 Model parameters 

The model has been developed to run over a period of 5 years, measured in weeks. 

3.3 Model overview 

The basic model structure for Tier 3 and Tier 4 patient flows is shown in Figure 1. 

 

 

Figure 1:  model structure – patient flows for inpatient activity 

 All flows are segmented by cohort: 

o Stable patients 

o Unstable patients 

o Deteriorating patients 

o Dying patients 
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 Patients are referred for inpatient treatment (top row) and enter the ‘decision 
space’ where a decision on whether or not to admit is made.  A proportion of 
patients is not admitted and they exit the model.  The remainder are admitted 
and move into the inpatient model structure (bottom row) 

 Admitted patients’ total stay is made up of two spells: 

o Active inpatient spell: the patient is receiving active treatment for which 
inpatient care is clinically appropriate 

o Additional inpatient spell:  inpatient care is no longer required for clinical 
reasons, and the patient remains in the bed for non-clinical reasons (for 
example, waiting for assessment by or admission to another service, 
delays in transportation, patient or family choice to remain, etc)  

 Patients move on from active to additional spell, and then exit the system after 
the additional spell 

 The occupancy at any one time is calculated as: 

o For each cohort, the number of patients in an active spell, plus the total 
number in an additional spell 

o For the overall total, the sum of patients in the four cohorts 

4 Baseline data 

Available data on overall activity levels and average lengths of stay has been used to 
initialise the model.  Where data is not available, estimates have been used to initialise 
the model.  Data and estimates are set out in the section below. 

4.1 Unadjusted referrals and admissions by cohort 

Table 1 shows referrals and inpatient admissions by diagnosis (unadjusted) for the 2 
year period 2014-2016 

 

Cohort Not admitted Admitted 
Total 

referrals 
Average 

referrals pw 

Average 
admissions 

pw 
% 

admitted 

Cancer 263 1729 1992 19.2 16.6 86.8% 

Frailty 5 19 24 0.2 0.2 79.2% 

Neurological 8 44 52 0.5 0.4 84.6% 

Organ failure 37 187 224 2.2 1.8 83.5% 

Other 4 15 19 0.2 0.1 78.9% 

Grand Total 317 1994 2311 22.2 19.2 86.3% 

Table 1:  average weekly referrals and admissions by diagnosis cohort (unadjusted) 
(source;  St Christopher’s) 

4.2 Frailty adjustment  

Frailty is known to be under-recorded in the general population as cause of death.  It 
was agreed that an adjustment to the data shown above would be reasonable, to shift 



10 

 

a proportion of people from other cohorts into the frailty cohort to counteract the effect 
of under-reporting and base the model on a more realistic mix of need 

In work on the general population WSP has achieved this by shifting age-related 
proportions of deaths from cohorts other than frailty into the frailty cohort on the basis 
of: 

 10% of deaths in the 65-74 age group 

 30% of deaths in the 75-84 age group 

 80% of deaths in the 85+ age group 

When applied to the St Christopher’s data, this resulted in the adjusted values shown in 
Table 2: 

Cohort 
Average referrals pw 

(adjusted) 
% admitted 
(adjusted) 

Average admissions 
pw (adjusted) 

Cancer 14.8 89 13.2 

Frailty 5.5 90 5.0 

Neurological 0.4 89 0.4 

Organ 
failure 

1.4 85 1.2 

Other 0.1 94 0.1 

Table 2:  average weekly referrals and admissions by diagnosis cohort (with frailty 
adjustment) (source;  St Christopher’s) 

The values in Table 2 were imported into the model to set the baseline activity by 
diagnosis 

4.3 Activity by phase of illness 

OACC data for January – May 2016 was used to produce an analysis of patients’ phase 
of illness on admission, shown in Table 3: 

Cohort Stable Unstable Deteriorating Dying 

Cancer 1% 71% 20% 7% 

Frailty 0% 0% 100% 0% 

Neurological 33% 56% 0% 11% 

Organ failure 0% 59% 28% 14% 

Other 0% 80% 10% 10% 

Total 2% 70% 20% 8% 

Table 3:  phase of illness on admission by diagnosis cohort (with frailty adjustment), 
Jan-May 2016 (source;  St Christopher’s) 



11 

 

Combining this with the adjusted referral and admission data enabled modelling of 
admission flows by diagnosis and cohort. 

4.4 Total average length of stay 

OACC data was used to produce the following table of total average length of stay, 
measured in days, by cohort. 

 

Cohort Stable Unstable Deteriorating Dying 

Cancer 34.2 15.8 15.0 2.1 

Frailty   1.0  

Neurological 21.0 14.6  1.0 

Organ failure  14.6 12.1 2.3 

Other  14.3 1.2 2.2 

All diagnoses 27.6 15.6 14.2 2.1 

Table 4:  average total length of stay in days by diagnosis cohort and phase on 
admission, Jan-May 2016 (source;  St Christopher’s) 

A decision was taken to use the figures for ‘all diagnoses’ within the model to reduce 
complexity, in recognition of both the frailty adjustment and the low numbers of 
admissions in some groups.  The ‘all diagnoses’ row was imported into the model as the 
baseline average stay for all patients by phase on admission. 

4.5 Active and additional stay 

The total length of stay is split within the model into spells of active treatment and 
additional stay. 

Although this is not captured within current systems, an initial estimate of average active 
treatment time was reviewed by the St Christopher’s team and compared with available 
audit data and a case note review.  This resulted in the following baseline assumptions 
of the breakdown: 

 

Cohort Stable Unstable Deteriorating Dying 

Average total  stay (days)  27.6 15.6 14.2 2.1 

Of which: average active 
treatment (days) 

14 12 7 1 

Average additional stay 
(days) 

13.6 3.6 7.2 1.1 

Table 5:  estimated breakdown of total length of stay in days by phase on admission, 
Jan-May 2016 (source;  St Christopher’s) 
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4.6 Patients progressing to additional stay 

The model allows for assumptions to be made in relation to the proportion of patients 
who stay beyond the end of active treatment.  In the baseline, it was assumed that all 
patients would do so (with average stays in each spell as set out in Table 5) and so this 
was set to 100% for all cohorts in the baseline, but can be adjusted by the model user. 

 
LO’L/ Whole Systems Partnership 

January 17 


