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Introduction

This paper describes a subset of the results of a review of routinely available hospital data from an index acute
hospital. The focus for this review was on the relationship between Length of Stay and in hospital mortality, as
well as on issues that may influence patient flow wi
performance. We describe for clarity here only results from a single hospital, but the findings are consistent with
similar reviews that have now been undertaken from a total of four different locations and are, we believe, likely
to be broadly representative of acute (non-tertiary) hospitals.

1.0 Summary

Using a large sample of anonymised, routinely collected data from an acute hospital it has proved possible to
identify a relationship between length of hospital stay (LoS) and in-hospital mortality risk, together with age
banded trigger points at which risk begins to rise. This gives the potential for proactive intervention at a time
when the subsequent clinical outcome for a patient might be modifiable. It is suggested that consideration be
given to exploring use of such trigger tools as a means of timing MDT assessment of patients during the coming
winter, with prospective measurement of MDT interventions, patient LoS and clinical outcome, again wherever
possible using routinely available data.

An evaluation of the relationship between LoS and bed occupancy at the same hospital confirms evidence seen
in other locations of the huge impact long LoS (greater than 28 days) patients have on the bed base. A simple
measurement tool is described which would allow the build up of bed and hence patient flow pressures within
this hospital to be monitored in real time, allowing for earlier proactive intervention to protect patient flow and
improve the probability of maintaining performance against National targets in this area during the winter
months.

Short stay patients (<7D) have their length of stay distorted by the weekend and there may be opportunity to
target weekend discharges for specific subgroups of <7D LoS patients.

Gender variationintheindexhospi t al 6s caseload is identified as be
patient flow, by compromising optimal use of beds and the efficiency with which clinical staff can support their
patients.

2.0 Background

In continuing the Urgent and Emergency Care data work, the AHSN has had the opportunity to review data from
an acute hospital. The specific remit of this piece of work was to explore the relationship between Length of
Hospital Stay (LoS) and in-hospital mortality. The premise behind this was anecdotal evidence that there may
be a step in mortality after a particular number of days LoS, coupled with the a u t h dimical dbservation from
reviews of in hospital deaths that in some cases there may have been a missed opportunity to intervene at an
early stage in the admission in what appeatr initially to be important but non-critical areas of care (fluid intake,
nutrition, medicine review, physiotherapy, etc). If a step point for mortality risk could be confirmed, this might
allow the definition of a trigger point at which multi professional review of a case could be undertaken i with the
aim of optimising care across these and other areas in a patient at risk of adverse clinical outcome - at a point
that might potentially improve the outcome for that individual.

Given the nature of the data set made available from the acute hospital, it was also possible to review the
relationship between LoS and bed usage, in order to extend work undertaken in other YH AHSN partner
organisations as part of reviewing reasons for loss of patient flow within Acute Trusts at times of high overall
service pressures.



The data obtained from were anonymised data from routinely collected hospital statistics, including Age,
Gender, Admission type (EL/NEL), length of stay and the outcome of the admission - in terms of successful
discharge, or death during the admission. No attempt was made in this piece of work to explore early post
discharge outcomes; this may need to be considered in future work, but would involve a more complex data
accrual and linkage and was deemed out of scope for now.

Initial Questions included:

A What is the relationship between LOS and in hospital mortality?

Can a threshold be defined for LoS beyond which mortality increases?
What is the impact of Age on Mortality?

What is the relationship between long stay (>28day) patients and total bed usage?

o Do Do I»

What is the relationship between admission day and LoS?

3.0 Baseline data

Date of Discharge Range: 1/9/2013 to 31/8/2015, 729 Days

Patients: 41,267

Sankey Flow of Patients based on Gender, Admission method and Discharged/Deceased status
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Numbers of admissions studied, by year of admission were:

2013 6572
2014 20776
2015 13919



Age Profile of Admitted patients
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These charts show the count and % of admissions at each age. Elective admissions peak at age 68-76, with
NEL peaking significantly older, at 79-87 years of age.

4.0 In-Hospital Mortality

The raw numbers shown here cannot differentiate between the admission of a sprightly 90 year old who died of
an unexpected complication and that of a 25 year old, terminally ill cancer patient. These are clear limitations of
the current approach. However, there are enough data here to highlight where there are areas that might be
disproportionate or out of step. The current analysis is not of hospital standardised mortality; it is purely a review
of the patients in one hospital, looking at in hospital Mortality vs discharge. Every single number on every chart
or table represents a person and despite the limitations, use of these data may allow us to identify and reduce in
hospital risk for future patients.

In analysing such data sets, it would be normal to extract Elective and NEL to review them separately, but as
detailed analysis (not shown here) suggested there may be some elective admissions in the NEL data set they
are analysed together. There were also only 38/1330 elective patients who died, so including them together with
NEL admission patients seems a not inappropriate way to proceed.

Age Vs Mortality

Patient Mortality by Age

This chart shows, perhaps as
expected, peak mortality at age
85 and very little mortality
before 70 years of age
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LOS and total bed days used

With the resolution of the LoS data available being
only 1 day and not hourly, the highest volumes of
zero and 24 Hrs get a little mixed, compared to data
where LoS was longer. The overall profile, however,
is identical to that seen in similar analyses from other
trusts.

The cumulative bed days (LOS*number of patients)
begins to show the disproportionate impact a smaller
number of patients who occupy large numbers of bed
days can have on total bed days used. This will be
discussed further later in this paper.

LoS and Mortality

LOS+cummulative bed days Deceased
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This chart shows the Mortality figures by age band
rising (as expected) with age, being low (1%) in
the 56-60 years of age band and rising to 10% at
the 90-95 year old point.
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The decay LOS curve for those
patients who eventually died in
hospital is much less pronounced,
but as the number are 97% smaller,
this is not surprising. The interesting
observation is the cumulative bed
days line, which falls gradually till
about day 38 then steps down more

abruptly until a LoS of over 80 days.
This might suggest different types of
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patients form those dying before or
after 38 days LoS. It must be
recognised that the absolute
numbers of patients with very long
LoS will be small and that it is hence
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about this group.



This chart reviews the probability (%)
of death by LOS. Obviously, as
mentioned, after 60 days there are so
few patients that a single death has a
big impact eg at 113 days chance of
death is 100% eg 1 of 1.

Up to 40 days the probability of
death has an unmistakable linear
trend, peaking at 30%.

There are still significant effects from
low or single numbers at a LoS point
so the following analysis groups
events by 5 day LoS ranges.
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LOS by 5 day groups, % mortality

DECEASED % by LOS

o e e e

AnEdMEdEE g9

SN i RN R R RN PR R YIS R R el 8 BRANERRB e nBannaes5d2CHREREE

e DECEASED

By grouping the data into 5 day
LOS ranges up to 60 days, the
effects of low/single data points at
a particular LOS are reduced and
a clear trend emerges. The
longer the length of stay the
higher the mortality. This follows
a clear exponential trend, starting
at 1-5 days. Interestingly there is
a spike in Mortality at both 36-40
and 56-60 days, with a drop at 41-
55. The spike from ~13% to over
20% in the group with a LOS of
36-40 days would certainly be
worth investigating via case
review.

The table shows LOS group vs Age

group showing the % mortality. As

before, this table is distorted by the

number of single deaths in a

particular age group, in effect

creating A00% mortalityd so the

same table is represented below,

where there must be at least 2

deaths to allow the data to appear in

the table.
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These data from a single hospital therefore allow identification of a LoS point beyond which, for
patients of known age, but irrespective of gender or reason for admission, in-hospital mortality steps
up. This observation is potentially of clinical importance as it may offer a trigger point for intervention in
terms of care processes, with the aim of optimising care delivered to an individual who is becoming at
higher risk of not surviving that admission.

Potential LoS MOrtality Risk Trigger (LoOSMORT)

Warning Triggerday 11 6 1 Zero | +5% or1in 20 of this, the approach can be

: - further simplified, as shown.
Patient Age-> 46-75 7ot Mortality Obviously in this simplification

lost, but if there is to be
clinical utility in this approach it will have to be easy for ward staff to remember the trigger points.

The key numbers here are that, by day 16 following admission, 1 in 10 patients aged 46-75 will die, whereas by
only day 10 anyone over 75 has the same 1 in 10 chance, across all genders and specialities. In looking for a
trigger point for intervention, one would clearly want to move upstream of these LoS and so if one takes the 5%
mortality point, the trigger days for intervention decline from 11 days for those aged 51-55 to just 1 day for the
76-85 age group patients. Given the numbers of admissions in this latter group, the need for immediate focus on
reducing mortality risk will involve a significant number of patients. Detailed review of the case mix in the current
sample would inform whether alternative interventions might have been possible in this group of older people;
clearly it is possible that in many cases the nature of the disease processes involved effectively determined
outcome, but it would be surprising if there were not some opportunity to affect this in a positive way.

In moving from an assessment of risk of death by LoS, we also examined whether deaths were related to the
day of the week.

Mortality by Day of the week

DECEASED DISCHARGED All% neL% | This table shows the % of patients who died, instead
ELECTIVE| NEL |ELECTIVE| NEL Deceased |Deceased| of peing discharged, by day of the week. At first it
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Fri 156 897) 5389 6489 3.23% | 3.64% | hased on their condition and like acute ED arrivals
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these deaths are fairly constant. Discharge, as seen above, is a distorted process - so weekend mortality looks
high as it is a measure of a constant (death) divided by the distorted figure of discharge which is very different
weekend to midweek.

NEL Mortality by DOW with Average

Is there a mortality story by day of the week? It
does vary 18% Sunday to Monday but 210 203
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The weekly mortality shows a seasonal cycle which is clearly shown by the Monthly mortality graph. There are
nearly double the number of deaths in December than Jun + Aug.

Seasonal variation in death rates in hospital is a well recognised phenomenon. There has been much interest in
weekend deaths in hospital and the implications for 7 day working practices. These data would suggest there is
no clear difference between weekend and midweek data and certainly nothing that marks out Saturday and
Sunday as any different from midweek.

5.0 Patient flow

In the following section, we move from a review of mortality risk by LoS to an examination of issues that may
affect flow within an Acute Trust, beginning with the effectiveness of the discharge process by day of the week
before considering the impact of LoS on bed utilisation.



Discharge by Day of the week (DOW)

Admission Elective (blue) and NEL (Orange) by DOW

Admissions by day of the week show an unusual split and would suggest some electives are being coded as
NEL as it is unusual to have such a drop in NEL admissions at the weekend. The atrtificial system pressure can
be seen with low discharges on a Sunday adding the pressure into the Trust on a Monday.

Day of adrmission Here are the same data in a matrix format which begins to

Mon |Tue |Wed|Thu |Fri |Sat [Sun |Grand TgVarianc . .
Von 11747 391 488 6od 8ad 7871260 633  asg Ilustrate the problem. The more red the box the more likely

Tue |1861/1820 407 545 671] 569 779 6651 143 is discharge on a particular day. Obviously there is a very
Wed [1226 19481609 410 53§ 420 541] 6690 -444 high number of zero and 1 day LOS patients which show as
;:“ ggg 15171 12:“1; ;ggg 13;(1) gi; jéi %gg ﬁﬁ two red boxes next to each other in a vertical column. If

Sat_ 218 208 4358 77111519 854 128 2204 19 admitted ona Mono_lay 1747 had a zero LOS ar_ld 1_861 had a
sun | 1ad 139 217 372 589 o1d 7ed 312diaarg 1 day LOS, being discharged on a Tuesday which is the

Grand 6712 6794 6246 6494 6489 4224 4309 41261 0 highest number in the column, 1861. Tues, Wed, Thu follow

Day of Discharge

Day of admission
Mon |Tue [Wed|Thu [Fri |Sat [Sun |Tot
Mon | 2694 6% 8% 1194 1494 199% 29% 6253
Tue | 28% 27%4 79 8% 10% 13% 18% 6651
Wed | 18%4 29% 269 6% 8% 109 13% 6690
Thu | 13%4 19% 30% 25% 694 8% 10% 6736
Fri 1099 1399 2099 3294 30% 8% 994 7603
Sat 3% 49 79 1294 23% 20% 3% 4206
Sun 299 2% 3% 6% 9% 229 18% 312§
Grand 6712 6794 6249 6499 6489 4224 4304 41267

the same pattern until Friday where the zero ahd 1 day LOS are
flipped with 1931 and 1512 on Saturday, suggesting a
change in the discharge process.

It is easier to read this matrix with the raw numbers
changed for %, which is the probability of being
discharged on a certain day. This is for all patients, all
LOS, so if the LOS is long the probability of discharge
on a certain day becomes less linked as time passes.
To minimise this we look at all patients with an under 7 day
LOStoseet he e xt eWeekend distdrieon @ffecta

Day of Discharge

This set of tables shows only NEL with a 0-7 day LOS. The first table as above shows the raw numbers, the
middle table the % likelihood of discharge based on the day of arrival. The final table is the easiest to read as

instead of day of discharge on the Vertical it has LOS in days so itds easi ¢
Day of admission Day of admission Day of admission
Mon |Tue |Wed [Thu [Fri |Sat |Sun [Grand Tot|Variance NMon |Tue [Wed |[Thu [Fri  |Sat  |Sun |Tot Mon  |Tue wed [Thu |Fri Sat |Sun |Total
Mon [1504| 240| 286| 417| 521| 579| 1037 4584 -26 Mon | 33%| 6%| 7%| 10%| 11%| 18%| 31%| 6253 Zero 33% 34%| 33%| 33%| 36%| 25%| 23%| 6253

Tue 27%| 34%| 5%| 7%| 9%| 11%| 17%| 6651
Wed | 16%| 26%| 33%| 5%| 6% B8%| 11%| 6690
Thu 11%| 16%| 28%| 33%| 5% o%| 8% 6?36| |

1Day 27% 26%| 28%| 30%| 24%| 25%| 31%| 6651
2 Day 16% 16%| 18%| 10% 9% 18%| 17%)| 6690
3 Day 11% 12% 6% 5%| 11%| 11%| 11%| 6736

Tue |1215|1445| 222 307 390 374| 582 4535 -331
Wed 749(1113| 1354 214| 287| 273| 370 4365 -237|
Thu 492| 669|1144( 1402 207 214| 264 4392 -134

Legth of stay

Day of Discharge
Day of Discharge

Fri 399( 488| 740|1234]| 1646| 223 242 5032 -467| Fri 9% 12%| 18%| 30%| 36%| 7%| 7%| 7603 4 Day 9% 4% 3%| 10% 9% 8%| 8%| 7603
Sat 138| 172| 254| 407)1082) 811 77 2941 366 Sat 3% 4%| 6% 10%| 24%| 25%| 2%| 4206 5 Day 3% 2% Th 7% 6% 6%| 7%| 4206
5un 61| 77| 138| 217| 432| 828 761 2514 819 sun 1% 2%| 3%| 5%| 9% 25%| 23%| 3128 6 Day 1% 6% 5% 5%| 5%| 7%| 2%| 3128
Grand| 4558| 4204| 4138| 4258| 4565| 3307| 3333 28363 0 Grand| 5529| 5671| 5205| 5433| 5420| 3420( 3371| 34049 Grand1 5529| 5671 5205| 5433| 5420| 3420 3371(34049
Average LOS 1.77 1.82| 1.95 2.02] 2.03| 2.12 1.90
Bed days 8066| 7667 8051 8590| 9251| 7020| 6333 54378‘ 8.7%
Lost days 0| 227.45) 728.2| 1055| 1173|1168| 435 4786‘ e

side by side. Underneath is a sub table showing the average LOS for each day of arrival and the sum of bed
days.

Monday has the lowest LOS at 1.77 and Saturday the highest at 2.12, which appears not to be a significant
difference until all the bed days are tallied. If every day had the same LOS as Monday then it would be worth

4786 bed days or 8.7% of the 54978 days used by these 1-7D admissions. This is every age, every condition

and only <7D patients, s 0 t he Aprocesso difference in the LOS res



patients are not likely to be fundamentally diff er ent t o S agtiestiond the/ ndanagemént df \weekend
discharges; these are not the complex care package patients - by their very nature they are short stay patients
and special effort should be put into identifying subgroups of short stay patients who can be safely discharged
by a ward led weekend discharge protocol in order to minimise this dveekend discharge effectd

Impact of LoS on bed usage
In the following section, we review LoS data in the context of the impact of LoS on bed usage.

Previous YH AHSN work, evaluating data from other YH Acute Trusts, has shown that patients with LoS
>28days occupy a vastly disproportionate number of bed days and are a key measure in assessing whether a
Trust is heading into a situation where there is difficulty maintaining patient flow and hence risk of deteriorating
performance against quality and performance management targets - such as ED waits, etc.

We examined t he datafrdnetikis pergpective.t al 6 s

The following charts describe the relationship between LoS group, number of patients in each group and total
number of bed days occupied by that group. The LoS groups are represented by points on the chart: (L to R) O,
1-3D, 4-7D, 8-14D, 15-27D and 28D+ LoS.



