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PATIENT CARE 2016/2017

(+ \\

163,369

Emergency visits

787,709

52,447

Admissions

350,514

6.4

Average length of stay (days)

9,860

17,925

Operating Room Inpatient

15,971

414

University Hospital Beds

542

Victoria Hospital Beds

107

Children’s Hospital Beds
356

Statistics based upon data for the
penod Apnl 1, 2016 to March 31, 2017
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Definitions

 MSICU: Medical Surgical Intensive Care Unit
« NEMS (Miranda et al. 1997):
— “Nine Equivalents of nursing Manpower use Score”

— Therapeutic intervention index to measure
nursing workload: 56 point scale
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Definitions

Level of care Bed characteristics Patient /nurse ratio Estimated cost NEMS®
S/ patient-day !
1 Standard Ward bed: 3 or more to 1 SGO0 < 10
No organ support. no ventilation
2 Step-down bed: 2tol S2.000 11 to 25
Support. single failed organ
gvstemn, no ventilation
3 Intensive care bed: ltol Sa.0lh) 26 to 26

Invasive ventilation and
nultiple organ support

'Estimated cost provided by LHSC Management;
3 e . . N s
= Nine equivalents of nursing manpower use score (Miranda et al. |2])

7/10/2017
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LHSC — University Hospital

BIVEY

 Dec/13-Dec/14
— 17,411 patients
— 42,092 movements
* Misplacement/off-service
— 5% to 30% “

* “step-down” status

— MSICU
* 660 out of 864 patients

7/10/2017 5
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 What is the benefit of a “step-down” unit?
— Patient Flow
— Throughput
— Length-of-stays
— Costs
* For UH:
— What are the UH’s L2 bed needs? How efficient can
they be?

 Can NEMS scores provide a useful step-down rule
in estimating L2 needs?
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Challenges

* No previous history of medicine L2
* Seasonality, patient heterogeneity

e Patient’s health and death probability change
over time

e Step-downs & bounce-backs, congestion
e Off-service
* Costs



METHODS AND MODEL
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DES Model Overview

* Objectives:
— Minimize cost
— Minimize LoS (clinical)
— Maximize Throughput
* Decision Variables:
— Number of L2 Beds
— Number of MSICU Beds
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DES Model Overview

 Parameters and Constraints:
— Arrival rates, LoS rates, death rates
— NEMS thresholds
— Current bed allocations
— Flow matrix
— Budget
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Data

* Patient registry

* Patient transfer files

* Nursing workloads

* Distribution fittings: arrivals, LoS, step-downs
* Flow matrix

e Step-down rules

* N=17,380 patients
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Patient Flow

*Emergency *Medical- *ED decant
Department surgical sGeneral
(ED) Intensive Care Medicine

eOperating — _(MSICU} eCardiac
Room (OR) sCardiovascular eAcute Care

sClinics Surgery

: sCardiovascular
+OneConsult Recovery unit

] [ (CSRU) : : Surgery
sTemporary ¢ > eClinical
admission Neurosciences
- (ADT) eHyper Acute

sVictoria e
Hospital “General
Surgery,
*Multi-Organ Plastic,
Transplant Urology and
(MOTP) Gynecology
*Neurology *High Acuity
Observation Surgery
(NOBS) *Sub Acute
eCoronary Care Medical
(ccu) ePalliative Care
eNew L2 unit *Epilepsy

h S - / . J/
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Clinic entry point L-1/ER/OR| 0.00% 2.10% 3.20% 0.50% 0.00% 13.30% 15.20% 0.00% 14.30% 7.40% 0.80% 12.50% 0.30% 0.00% 8.50% 0.30%| 11.70% 6.10% 0.30%| 0.00% 0.30%| 2.90% 0.00% 0.30%| 100.00%
ED (emergency Department) entry point L-1/ER/OR| 0.00% 0.00% 4.60% 0.70% 0.00% 17.10% 6.70% 0.50% 7.60% 10.90% 130% 10.90% 0.10% 0.10% 9.00% 14.60% 1.20% 4.60% 1.10%| 0.30% 2.50%| 5.60% 0.50% 0.10%| 100.00%
ONEConsult entry point L-1/ER/OR| 0.10% 0.10% 0.00% 0.00% 0.00% 3.60% 4.60% 0.10% 5.40% 11.00% 0.10% 550% 0.20% 0.00% 5.00% 0.10% 3.10% 39.30% 1.80%| 2.50% 17.50%| 0.00% 0.00% 0.00%| 100.00%)
Operating Room entry point L-1/ER/OR| 0.30% 0.00% 0.00% 0.00% 0.50% 0.40% 0.40% 0.00% 1.50% 7.80% 0.00% 14.50% 3.50% 0.00% 34.50% 0.00% 1.60% 0.30% 6.90%) 18.70% 3.40%| 5.50% 0.20% 0.00%| 100.00%)
U-ADT entry point L-1/ER/OR| 6.40% 0.10% 5.90% 0.00%| 16.00% 5.60% 8.30% 0.10% 24.60% 5.80% 0.20% 7.80% 0.10% 0.10% 4.00% 0.10% 6.50% 7.10% 0.30%| 0.40% 0.60%| 0.00% 0.00% 0.00%| 100.00%)
Victoria entry point L-1/ER/OR| 0.40% 2.60% 0.20% 0.00% 0.20% 0.40% 3.40% 0.00% 11.70% 6.70% 0.20% 1.40% 0.00% 0.00% 2.80% 0.00%| 0.60% 19.20% 1.40%| 1.20% 8.10%| 34.20% 5.10% 0.20%| 100.00%
10th - Epilepsy (Ward) ward L-1/ER/OR| 0.00% 0.00% 1.40% 0.00% 0.00% 0.00% 0.00% 0.00% 0.30% 0.60% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.60%| 0.00% 0.00%| 96.50% 0.00% 0.60%| 100.00%
4th - General Medicine (Ward) ward [-1/ER/OR| 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.20% 0.20% 0.00% 0.00% 0.00% 0.00%| 0.00% 0.10%| 93.90% 4.60% 1.00%| 100.00%
5th - Cardiac (Ward) ward L-1/ER/OR| 0.30% 0.00% 7.00% 0.30% 0.00% 140% 0.00% 0.20% 3.20% 0.20% 0.00% 0.40% 0.00% 0.50% 0.90% 0.00% 0.00% 3.50% 0.00%| 3.20% 0.60%) 76.50% 1.60% 0.20%| 100.00%)
6th - Acute Care (Ward) ward L-1/ER/OR| 0.00% 0.00% 0.00% 0.00% 0.00% 0.20% 0.00% 0.00% 0.10% 0.00% 0.00% 0.00% 0.00% 0.10% 0.30% 0.30% 0.00% 0.00% 0.00%| 0.00% 0.00%) 95.60% 3.30% 0.10%| 100.00%|
6th - Cardiac/Cardio vascular surgery (Ward) ~ |ward L-1/ER/OR| 0.00% 0.10% 49.30% 0.40%| 0.10% 3.20% 3.10% 0.30% 0.00% 0.70% 0.00% 1.50% 0.10% 0.70% 2.00% 0.10%| 0.50% 6.60% 0.00%| 30.50% 0.80%| 0.00% 0.00% 0.00%| 100.00%
7th - Clinical Neurosciences (Ward) ward L-1/ER/OR| 0.00% 0.00% 8.80% 0.60% 0.30% 160% 0.00% 0.00% 0.10% 0.00% 0.20% 0.60% 0.00% 0.20% 2.20% 0.10% 0.10% 0.20% 4.90%| 0.20% 0.80%) 76.60% 2.20% 0.30%| 100.00%|
7th - Hyper Acute Stroke ward L-1/ER/OR| 0.00% 0.00% 1.40% 0.00% 0.70% 0.70% 0.00% 0.00% 0.00% 68.80% 0.00% 0.70% 0.00% 0.00% 0.70% 0.00%| 0.00% 0.70% 2.20%| 1.40% 1.40%) 20.60% 0.00% 0.70%| 100.00%)
8th - General Surgery, Plastic, Uro, Gyn (Ward)  |ward L-1/ER/OR| 0.00% 0.00% 850% 0.70% 0.00% 1.10% 0.20% 0.00% 0.20% 0.40% 0.00% 0.00% 1.70% 0.70% 1.80% 0.10% 0.80% 0.10% 0.00% 0.20% 1.30%| 80.60% 0.90% 0.70%| 100.00%
8th - High Acuity Surgery ward L-1/ER/OR| 0.00% 0.00% 1.60% 0.90% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 81.40% 0.00% 0.00% 0.60% 0.00% 0.60% 0.90% 0.00%| 0.60% 2.80%) 10.60% 0.00% 0.00%| 100.00%)
8th - Sub Acute Medical ward L-1/ER/OR| 0.00% 0.00% 2.30% 0.50% 0.00% 4.10% 0.00% 0.50% 0.00% 0.00% 0.50% 140% 0.00% 0.00% 3.20% 0.50% 0.00% 0.00% 0.50%| 0.50% 0.00%) 82.30% 3.20% 0.50%| 100.00%)
9th - Palliative Care (Ward) ward L-1/ER/OR| 0.00% 0.00% 7.20% 0.40% 0.00% 3.60% 0.10% 0.10% 0.40% 0.60% 0.00% 1.20% 0.00% 1.00% 0.00% 0.10% 0.20% 0.20% 0.10%| 0.10% 0.40%) 80.50% 3.60% 0.20% 100.00%|
ED Decant ward |-1/ER/OR] 0.00% 0.00% 1.30% 0.20% 0.00% 45.70% 3.60% 4.30% 4.70% 5.00% 0.00% 9.80% 0.00% 0.50% 7.50% 0.00% 0.30% 0.00% 0.10%| 0.00% 0.20%| 15.60% 0.90% 0.30%| 100.00%
4th - MOTP (Transplant) intermediate unit [L-2 0.00% 0.00% 10.70%| 0.20%| 0.20%[13.10% 0.30% 0.70% 1.70% 0.90% 0.00% 6.10% 0.30% 0.20% 2.60% 0.00% 0.00% 0.50% 0.20%| 1.60% 5.90%f 52.90% 1.70% 0.20%) 100.00%
5th - CCU - Cardiac Care intermediate unit [L-2 1.30% 0.00%| 7.50% 0.80%| 0.00% 0.80% 20.40% 0.00% 16.30% 0.60% 0.00% 0.20% 0.10% 0.00% 0.30% 0.00% 0.20% 0.00% 0.10%| 4.10% 1.70%| 43.20% 2.00% 0.40%| 100.00%
7th - Neuro Obs intermediate unit |L-2 0.00% 0.10% 5.80%| 0.10% 0.40% 0.30% 0.00% 0.10% 0.00% 71.50% 0.70% 0.00% 0.00% 0.00% 0.40% 0.00%| 0.10% 0.10% 0.00%| 0.80% 3.80%| 15.70% 0.10% 0.00%) 100.00%
0.00% 0.00% izl 0.10% 0.00% 0.60% 0.00% 0.10%[:PA70y 0.50% 0.00% 0.10% 0.20% 0.00% 0.10% 0.00%) 1.60% 0.10%| 0.00% 0.70% 0.00%| 100.00%}
0.00% 0.00% 2] 0.90%| 0.00% G} 1.70% 0.10% 0.70% 7.00% 0.30% 6.90% 2.90% 0.00% 2.30% 0.10%) 3.50% 6.80%| 2.00% SRR 0.20%| 100.00%
Grand total 0.40% 0.10% 5.00% 0.30%| 0.90% 6.70% 3.00% 0.30% 7.30% 6.10% 0.30% 6.40% 0.80% 0.20% 8.00% 3.00%| 1.30% 3.00% 1.80%| 3.80% 2.20%) 37.00% 1.90% 0.20%| 100.00%}
10/07/2017 13
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Simulation model —Level of care and death process
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Scenarios

1. New capacity:
Up to 20 beds at L2 Unit

2. Re-allocation of existing capacity
25 beds allocated between MSICU vs L2 bed mix

3. New capacity with re-allocation
30 beds allocated between MSICU vs L2 bed mix
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Results — Baseline Scenario
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Off-service impact

Unit Baseline Scenario 1 Scenario 2 Scenario 3
(new capacity) (reallocation) (new +
reallocation)

Existing L3 ~620 ~110 ~150 ~140
units

(CSRU and

MSICU)

Existing L2 ~570 ~220 ~200 ~210
units

(MOTP, CCU,

NOBS)

*(patients/year)

7/10/2017 21
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patients/year
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Throughput

6

8 10 12 14 16 18 20
L2 Beds

22 24

26 28

= MSICU throughput - scenario 1

------ MSICU throughput - scenario 2

= = MSICU throughput - scenario 3

——— 12 throughput - scenario 1
------ L2 throughput - scenario 2

- =12 throughput - scenario 3
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Average utilization rates

100%
95%
90%
85%
80%
75%
70%
65%
60%
55%
50%
45%
40%
35%
30%
25%
20%
15%
10%

5%
0%
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

L2 Beds

= [VISICU - scenario 1
------ MSICU - scenario 2
= = MSICU - scenario 3

L2 - scenario 1

Utilization rate

------ L2 scenario 2

= =2 -scenario 3

7/10/2017 23
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MSICU average number of empty beds
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Hours/patient
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MSICU average LoS
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——— MSICU LoS - scenario 1
------- MSICU LoS - scenario 2
===-MSICU LoS - scenario 3
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% of total patients
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0 2 4 &6

8

MSICU Long-stay patients (>504 h)

e e e e =

10 12 14 16 18 20 22 24 26 28
L2 Beds

- MSICU Long-stay patients -

scenario 1

------ MSICU Long-stay patients -

scenario 2

= == MSICU Long-stay patients -

scenario 3
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$3,500

$3,400

$3,300

$3,200

W
w
[
(=]
(=

r

CAD/patient-day

$3,000

$2,900

$2,800
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MSICU + New L2 cost per patient-day

I
!
|
!
I
I
|

6 8 10 12 14 16 18 20 22 24 26 28
L2 Beds

- VISICU + L2 total cost - scenario 1
------ MSICU + L2 total cost - scenario 2

= = MSICU + L2 total cost - scenario 3

27
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15t Scenario (@ 12 L2 Beds)

Walt for Disposition FLy Drecant

Scenario wait (h) st (h) <5 min LOS (b sud (LoS) <1 hour

BIVEY

Baseline ni1z L.OO 0L 1.27 T.95 O

25 MSICU and 12 L2 (.22 207 BE 2.07 6.33 84%
5% increase (.3 257 DT 2.08 (.35 B2

10% increase 1.13 G5.34 4% 3.01 7.56 TE%
20% increase 200 T84 8T 3.22 T.36 GO

30% increase 26.67 SN 0% .20 5.006 B2

Chuene for WC OR Total LOS

1 (h) <1 hour LLOS st (h)
26 RT% 1G-1.93 212.83
3 035 16260 196G.7T
5% .03 28,07 1G:3.69 19467

SCenario wait (h) St
l
l
l p”

10%: increase (.75 1.GY TO% G55 194.2
l
2

Baseline .43
25 MSICU and 12 L2 (.35

20% increase 1.001 08 T4% 1652 194.3

30% increase .25 2.24 69 173.25 189,67
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Patients / year
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Sensitivity Analysis: 30 Bed Mix Throughput

MSICU: 26/ 12: 4

MSICU: 24 /L2: 6

MSICU: 22 /12:8

MSICU: 20/ L2: 10

MSICU: 18 / L2: 12

MSICU: 16 / L2: 14
* MSICU: 14 /L2: 16

o
1]
o,
=
x

MSICU: 12 /1L2:18

MSICU: 10/ L2: 20

MSICU: 8 / L2: 22

MSICU: 6 / L2: 24

MSICU: 4 / L2: 26

= MSICU 10% increase
oooooo MSICU 20% increase

= = MSICU 30% increase
—— MSICU original scenario
———12 10% increase

------ L2 20% increase

- =12 30% increase

———L2 original scenario
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LoS in hours
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Sensitivity analysis: MSICU average LoS

MSICU:26/12:4

MSICU: 24 /L2:6

MSICU: 22 /12:8

MSICU: 20/ L2: 10

MSICU: 18 / L2: 12

MSICU: 16 / L2: 14
" MSICU: 14 /L2: 16

o]
1]
o
=
>

MSICU: 12 /1L2:18

MSICU: 10/ L2: 20

MSICU: 8 / L2: 22

MSICU: 6 / L2: 24

MSICU: 4 / L2: 26

e 10% INCREASE
------ 20% INCREASE
— —30% INCREASE
=—O0RIGINAL SCENARIO
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Sensitivity Analysis: MSICU and New L2 Unit total Bed Cost
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Summary

Indicator Basecline Scenario 1 Seenario 2 Scenario 3
MSICU capacity 23 25 13 1=
(beds)
L2 Capacity {(beds) () 12 12 12
Total Capacity 25 37 25 S0
(beds)
Mean (beds) 19.1 14.4 14.32 14.29
Median {beds) 19 14 14 14
Mode (beds) 19 14 13 15
Max (beds) 25 29 24 27
Std. dev (beds) 3.28 1.02 3.02 4.33
Average utilization T6H.A0Y 33.92% 57.28% AT.63%
Max utilization 1005 TR.ASY 06005 Q0004
Cumulative 21 =17 =16 =17
frequency below
To'%
Cumulative 25 =225 ==2() =21
frequency below
5%
LOS in MSICU {h) 16424 G037 GGG G006
82.876.21 82.873.83 S2.8G9.146

Cost CAD
S /patient-day
Total Cost
MSICU+L2 CAD
S /vear

83.477.44

S24.019 830,00

514,909 .5035.75

514.760.3635.22

514.503.103.34
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CONCLUSIONS AND EXTENSIONS
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Conclusions

L2 beds has positive impact in MSICU patient flow
— reduces occupancy, Length-of-stays, off-service and Costs

Added capacity: diminishing benefits

* Converting MSICU beds into L2 beds:

— Can have a positive impact under certain conditions
— Best combination was added capacity with reallocation

* NEMS scores provide a useful step-down rule in
estimating L2 needs



BIVEY

IC t
f H IthI

Next steps

* New simulations:
— Victoria Hospital
— Dedicated long-stay beds
* MSICU LoS Forecasting model incorporating:
— NEMS measurements

* Analytical model incorporating:
— Bounce-backs
— off-service
— NEMS measurements



Thank youl!
Questions, comments?
frodrigues.phd@ivey.ca
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