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What is an Observation Unit? M

ENGINEERING
UNIVERSITY OF MICHIGAN

» Dedicated area for Emergency Department (ED)
- Patients need extended time period (<24 hours)
— Evaluation
— Monitoring
— Treatments and patients’ response

» Too sick to leave, not sick enough to be admitted
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Why Observation!? M
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- Benefits:
— Improved quality of care
— Decreased ED revisits
— Decreased readmission rates
— Shorter lengths of stay

— Reduced health care costs f-;—
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C.S. Mott Children’s Hospital M
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« Children’s Emergency Services
- 28 ED beds
+ Over 25,000 visits per year

No observation unit

— Use observation protocol
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How Observation can be Structured =
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Location

Process
Gold
of Current State
Standard
Care
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« Determine how an observation unit would
benefit the Mott ED

— How many beds!?

— What policies should be implemented?
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How Many Beds! M
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- Little’s Law
— Determine occupancy rate

. Formula: L = AW
— L :average number of patients in the ED
— A :arrival rate of patients

— WV :time spent in the system; length of stay (LOS);
throughput

CENTER FOR

HEALTHCARE ENGINEERING & PATIENT SAFETY 9

UNIVERSITY OF MICHIGAN



How Many Beds! M
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+ To determine the observation unit size N, we
had to tweak Little’s Law a bit

— A\ = entire throughput of patients/day (63.16)
— Solution: multiply A by f,

* f, = the fraction of patients/day who are put on
observation status (.06)

« Final Formulation Used:
N, = (f,ALOS,) / (Utilization Rate)
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How Many Beds!

Need to define Length of Stay (LOYS)

Value
(Average)

Definition

Time between the
start of protocol

LOS,,, and hospital 0.47 days
discharge
Time from ED

LOS, arrival to ED exit 0.85 days

(discharge or admit
to inpatient)
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How Many Beds! M
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« Assume utilization rate of .9

Input Definition Value Results
Time between the
start of observation Ny = 2.3 beds
LOSqps protocol and leaving 0.47 days ~3 beds
ED
Time from ED
arrival to ED N, = 3.8 beds
LOS, ., departure 0.85 days 4 beds
(discharge or admit)

N, = (f,ALOS,) / (Utilization Rate)
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How to Use the Observation Unit? M
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Designed for observation patients

Allows for boarding patients
— Patient taking up ED bed

Time to First Treatment vs.Wait Time to Enter
Observation Unit

How do certain policies affect patients!?

CENTER FOR

HEALTHCARE ENGINEERING & PATIENT SAFETY |3

UNIVERSITY OF MICHIGAN



ED Observation Unit M
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Ul

Entrance

Blue = ED Patient
Yellow = Observation Patient
Red = Boarding Patient
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ED Observation Unit M
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Ul

Entrance

Blue = ED Patient
Yellow = Observation Patient
Red = Boarding Patient
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Simulation Model
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Tradeoffs

— Time to first treatment in ED

— Wit time to enter observation unit

Arrival times for patients
— By hour of day
— By day of week

Treatment Time (ED and observation)

Boarding Time

— Based on time of day
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Simulation Model
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- Parameters
— Number of ED beds
— Number of observation beds
— Threshold of ED patients for boarding

— Number of observation beds for boarding patients
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Simulation Model
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- Baseline
— ED beds: 20
— Observation beds: 2
— ED Boarding Threshold: |8

— Observation Beds for Boarding Patients: 0
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Baseline Results

- ED Beds: 20 - ED Threshold: |18
« Observation Beds:2 - Beds for Boarding: 0

Time to First Treatment (mins) Wait Time to Enter Observation Unit (mins)
S M | Tu wW Th | F S S M | Tu \\% Th F S
0 1.72 | 3.55 2.16 423 1.26 249 | 247 0 [51.12 | 55.49 | 54.00 53.26 52.03 | 50.27 | 52.74
S. | 0.84 1.89 0.65 1.78 0.51 1.35| 0.89 S | | 47.48 | 52.02 | 48.75 55.05 47 47 | 48.56 | 53.65
(v 2 1027 | 0.64 0.25 0.65 0.21 0.62| 0.37 (] 2 | 48.64 | 50.17 | 48.79 48.03 46.84 | 50.99 | 46.24
O 3 (10.13 | 0.25 0.09 0.19 0.03 0.12| 0.12 D 3 (4394 | 4493 | 41.32 45.19 38.86 | 48.72 | 45.49
G 4 1004 | 007 0.04 0.10 0.03 0.05| 0.06 G 4 (3733 | 41.76 | 42.38 41.50 41.17 | 41.76 | 42.10
(@) 5 | 0.00 | 0.04 0.03 0.02 0.0l 0.00| 0.02 o 5 135.68| 39.19 | 38.54 38.30 3824 | 38.66 | 37.12
| 6 | 0.00 | 0.02 0.00 0.00 0.0l 0.0l 0.0l — 6 | 37.07 | 35.44 | 36.88 35.16 2820 | 34.72 | 3598
8 7 | 0.00 | 0.0l 0.00 0.00 0.00 0.00 | 0.00 8 7 131.04]| 3091 | 32.55 31.43 2525 | 31.03 | 26.98
I 8 | 0.00 | 0.00 0.00 0.00 0.00 0.00( 0.00 I 8 |20.66 | 31.65 | 26.41 24.02 2240 | 2746 | 26.16
9 | 0.00 [ 0.00 0.00 0.00 0.00 0.00| 0.00 9 12449 | 2253 | 21.68 20.78 2129 | 26.15| 26.11
10| 0.00 | 0.0l 0.00 0.00 0.00 0.00| 0.00 102021 | 24.08 | 21.97 23.52 2245 | 25,59 | 19.27
111000 | 002 0.0l 0.0l 0.02 0.0l 0.02 11]19.36 | 2441 | 20.63 20.53 20.01 19.42 | 23.40
12 [ 0.01 0.06 0.04 0.06 0.11 0.04| 0.05 12123.73 | 21.22 | 24.37 24.65 2228 | 24.02 | 24.04
131008 | 0.25 0.08 0.12 0.20 0.18| 0.18 13121.49 | 25.64 | 26.07 22.02 22.63 | 23.57 | 25.40
141022 | 046 0.13 0.36 0.35 0.41 0.31 141 26.76 | 2691 | 26.42 26.46 26.83 | 28.66 | 30.21
I15(0.30 | 0.6l 0.22 0.70 0.34 0.65| 0.59 152650 31.74 | 30.70 28.74 31.19 | 30.18 | 31.29
16 | 0.59 | 0.85 0.46 1.00 0.57 0.89 1.20 16 |30.73 | 36.85 | 32.57 37.51 31.41 35.25 | 37.36
17 | 1.44 1.47 0.97 |.45 1.04 1.19| 2.35 17133.65| 37.12 | 33.30 37.35 38.08 | 39.12 | 37.70
18 | 2.83 2.46 1.86 2.15 1.51 240 | 3.42 18(39.74 | 39.49 | 3892 40.68 4122 |39.59 | 39.46
19| 5.17 | 3.29 4.14 3.20 2.81 425 | 3.70 19141.35| 44.23 | 41.46 46.55 4224 |42.20 | 46.26
20| 722 | 3.88 7.52 3.50 5.00 5.78 | 4.04 20| 46.44 | 47.65 | 45.12 46.11 45.06 | 46.00 | 45.89
21| 8.19 | 5.06 9.92 3.66 6.25 630 | 442 21| 5157 | 48.60 | 51.34 47 .47 4792 |[49.13 | 48.29
22 | 845 | 5.37 9.71 3.64 5.38 5.88 | 3.92 22(53.65| 52.32 | 51.92 49.86 52.03 | 53.86 | 50.26
23 | 6.15 | 4.02 7.64 2.60 4.10 426 | 2.68 23(56.58 | 53.64 | 51.99 50.56 50.74 | 5288 | 5I1.15
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Scenario |: More Observation Beds

- ED Beds: 20 - ED Threshold: |18
« Observation Beds:4 - Beds for Boarding: 0

Time to First Treatment (mins) Time to First Treatment (mins)

S| M| Tu W Th | F| S S M | Tu \"s" Th | F| S

0 | I.72 | 3.55 2.16 4.23 126 [249| 247 0| 0.84 222 1.30 2.64 0.69 1.53 1.30

S. I | 0.84 1.89 0.65 1.78 0.51 1.35| 0.89 S. | 0.40 0.96 0.40 0.84 022 [(0.69| 0.55
(] 2 1027 | 0.64 0.25 0.65 0.21 0.62| 0.37 () 2| 0.14 0.42 0.12 0.25 006 [(0.32]| 0.1l
(@) 3013|025 | 0.09 0.19 003 [0.12| 0.12 O [3] 004 | 010 [ 002 0.05 0.0l [0.08| 0.05
Y 4 10.04| 007 | 0.04 0.10 0.03 |0.05| 0.06 Y 4 |1 0.0l 0.03 0.00 0.00 0.00 |[0.00]| 0.00
o 51000 | 004 [ 003 0.02 0.01 0.00| 0.02 o 51| 000 | 00l 0.00 0.00 0.00 |[0.00| 0.00
— 6 | 0.00 | 0.02 [ 0.00 0.00 0.01 0.0l | 001 - 6 | 000 | 0.00 | 0.00 0.00 0.00 [(0.00| 0.00
8 7 | 0.00 | 0.0l 0.00 0.00 0.00 |0.00| 0.00 8 7 | 0.00 0.00 0.00 0.00 0.00 [0.00| 0.00
I 8 | 0.00 [ 0.00 | 0.00 0.00 0.00 |0.00| 0.00 I 8 | 0.00 | 0.00 | 0.00 0.00 0.00 |[0.00]| 0.00
9 [ 0.00 | 000 | 0.00 0.00 0.00 |0.00| 0.00 9 | 000 | 0.00 | 0.00 0.00 0.00 |[0.00]| 0.00

10| 0.00 | 0.0l 0.00 0.00 0.00 |0.00| 0.00 10| 0.00 | 0.00 | 0.00 0.00 0.00 [0.00]| 0.00

1110.00 | 002 [ 00l 0.01 0.02 |00l | 0.02 11| 0.00 | 0.00 | 0.00 0.00 0.0l 0.00 | 0.00

12 | 0.0 0.06 0.04 0.06 0.11 0.04| 0.05 12| 0.0l 0.02 0.02 0.0l 0.05 [(0.02| 0.02

131 0.08 | 0.25 0.08 0.12 020 (0.18| 0.18 13| 0.06 0.15 0.05 0.08 0.12 [0.09| 0.05

141 0.22 | 0.46 0.13 0.36 035 [041 | 0.3l 14| 0.12 | 031 0.07 0.23 0.16 [026]| 0.16

151 0.30 | 0.6l 0.22 0.70 0.34 [065| 0.59 15 022 | 031 0.09 0.49 0.19 [045| 0.36

16 | 0.59 | 0.85 0.46 1.00 0.57 (089 | .20 16| 0.43 0.47 0.27 0.64 0.28 [0.65| 0.77

17 | 1.44 1.47 0.97 1.45 1.04 1.19]| 2.35 171 1.05 091 0.62 0.82 0.63 087 | 1.67

18| 283 | 2.46 1.86 2.15 1.51 240 | 342 18| 2.21 1.66 1.35 1.45 1.12 1.74| 2.54

19| 5.17 | 3.29 4.14 3.20 2.81 425| 3.70 19| 3.87 2.28 2.99 2.15 2.03 329 | 247

20 (722 | 388 | 7.52 3.50 500 [578| 4.04 20| 549 2.71 5.6l 2.32 390 |455| 2.69

21 | 8.19 | 5.06 9.92 3.66 625 [630| 442 21 | 593 3.6l 7.45 2.33 454 |472| 2.85

22| 845 | 5.37 9.71 3.64 538 [5.88| 3.92 22| 594 3.87 7.09 2.37 373 |405| 2.64

23| 6.15 | 4.02 7.64 2.60 4.10 |4.26| 2.68 23| 432 2.57 527 |1.46 261 278 | 1.77
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Scenario |: More Observation Beds

- ED Beds: 20 - ED Threshold: |18
- Observation Beds:4 - Beds for Boarding: 0

Wiait Time to Enter Observation Unit (mlns) Wait Time to Enter Observation Unit (mins)

S M | Tu \\% Th F S S M | Tu W Th | F S
0 | 51.12 | 55.49 | 54.00 53.26 52.03 | 50.27 | 52.74 0| 643 7.01 6.82 6.80 6.89 700 | 6.83
S | | 47.48 | 52.02 | 48.75 55.05 47 47 | 48.56 | 53.65 > | | 708 | 7.23 7.56 6.73 5.89 7.14| 6.46
3 | 2 (4864 | 50.17 | 48.79 48.03 46.84 | 5099 | 46.24 (4 21684 | 69l 5.78 7.36 5.85 595| 7.35
D 314394 | 4493 | 41.32 45.19 38.86 | 48.72 | 45.49 D 3| 596 | 595 471 6.72 3.99 580 | 5.60
Y= | 4 | 3733 | 41.76 | 42.38 4].50 41.17 [ 41.76 | 42.10 Y 4| 468 | 4.68 424 440 3.92 391 452
o 513568 | 39.19 | 38.54 38.30 3824 | 38.66 | 37.12 o 51311 3.64 427 3.49 3.49 407 | 4.22
; 6 | 37.07 | 35.44 | 36.88 35.16 2820 | 34.72 | 3598 ; 6 | 3.05 2.95 2.12 2.87 1.97 2.48 1.75
O 7 131.04| 3091 | 32.55 31.43 2525 | 31.03 | 26.98 o 7| 2.63 3.33 1.88 1.96 1.73 3.60 1.78
I 8 |20.66 | 31.65 | 26.41 24.02 2240 | 27.46 | 26.16 I 8| 080 | 264 1.38 2.09 3.12 1.86| 2.13
9 12449 | 22.53 | 21.68 20.78 2129 | 26.15| 26.11 91 1.17 | 0.96 1.0l 1.33 1.00 [0.9] 1.12
10120.21 | 24.08 | 21.97 23.52 2245 | 25,59 | 19.27 100 1.45 | 0.96 0.69 1.76 0.29 1.57 | 1.36
11]119.36 | 2441 | 20.63 20.53 20.01 19.42 | 23.40 11023 | 0.56 0.50 1.06 1.04 090 | 0.40
12123.73 | 21.22 | 24.37 24.65 2228 | 24.02 | 24.04 12 0.26 1.57 0.83 1.32 0.76 1.26 1.35
13121.49 | 25.64 | 26.07 22.02 22.63 | 23.57 | 25.40 131 1.28 .16 1.00 1.16 0.96 1.23 | 0.84
141 26.76 | 2691 | 26.42 26.46 26.83 | 28.66 | 30.21 14| 1.18 | 2.05 0.98 1.09 1.33 |.15 1.16
15]126.50 | 31.74 | 30.70 28.74 31.19 | 30.18 | 31.29 151 1.09 | 243 1.31 1.72 1.27 1.86| 1.70
16| 30.73 | 36.85 | 32.57 3751 31.41 35.25 | 37.36 16| 1.33 2.16 1.31 1.95 1.73 260 2.11
17133.65| 37.12 | 33.30 37.35 38.08 | 39.12 | 37.70 171213 3.01 1.41 2.38 1.63 236 | 2.85
18(39.74 | 39.49 | 3892 40.68 4122 |39.59 | 39.46 18| 2.85 3.03 1.80 3.89 2.31 3.39| 3.54
19141.35| 44.23 | 41.46 46.55 4224 |42.20 | 46.26 19| 3.48 | 3.60 2.74 3.53 3.62 3.35| 3.8l
20| 46.44 | 47.65 | 45.12 46.11 45.06 | 46.00 | 45.89 20( 445 | 4.11 3.69 4.80 427 5.50| 3.93
21| 51.57 | 48.60 | 51.34 47 .47 4792 |[49.13 | 48.29 21| 482 | 457 475 6.66 3.42 5.23| 546
22| 53.65| 52.32 | 51.92 49 .86 52.03 | 53.86 | 50.26 22| 5.12 | 5.53 5.87 5.25 641 7.11 591
23| 56.58 | 53.64 | 51.99 50.56 50.74 | 5288 | 5I.15 23| 7.67 | 5.70 6.95 5.44 6.27 6.06 | 6.78
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Scenario 2: Adding Flexibility
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- ED Beds: 20 - ED Threshold: |18
- Observation Beds:4 - Beds for Boarding: 4

Time to First Treatment (mins) Time to First Treatment (mins)
S M | Tu wW Th | F S S M| Tu \2% Th | F S
0 0.84 2.22 1.30 2.64 0.69 1.53 1.30 0| 0.33 1.10 0.64 1.23 0.31 0.68| 0.49
| 0.40 0.96 0.40 0.84 0.22 0.69 | 0.55 S 1 | 0.12 | 042 0.13 0.37 0.07 027 | 0.13
(>3\ 2 0.14 0.42 0.12 0.25 0.06 0.32| O.11 ) 2 | 0.02 | 0.08 0.04 0.07 0.0l 0.12| 0.03
O 3 0.04 0.10 0.02 0.05 0.0l 0.08 | 0.05 D 3 | 0.0l 0.01 0.0l 0.00 000 |(0.02| 0.0l
G 4 0.01 0.03 0.00 0.00 0.00 0.00( 0.00 G 4 | 0.00 | 0.00 0.00 0.00 0.00 [0.00| 0.00
(o] 5 0.00 0.0l 0.00 0.00 0.00 0.00( 0.00 o 51 0.00 | 0.00 0.00 0.00 0.00 [0.00| 0.00
|- 6 0.00 0.00 0.00 0.00 0.00 0.00( 0.00 1 6 | 0.00 | 0.00 0.00 0.00 0.00 |[0.00| 0.00
8 7 0.00 0.00 0.00 0.00 0.00 0.00| 0.00 8 7 | 0.00 | 0.00 0.00 0.00 0.00 0.00( 0.00
I 8 0.00 0.00 0.00 0.00 0.00 0.00( 0.00 I 8 | 0.00 | 0.00 0.00 0.00 0.00 (0.00| 0.00
9 0.00 0.00 0.00 0.00 0.00 0.00( 0.00 9 | 0.00 | 0.00 0.00 0.00 0.00 |[0.00| 0.00
10 [ 0.00 0.00 0.00 0.00 0.00 0.00( 0.00 10| 0.00 [ 0.00 0.00 0.00 0.00 [0.00| 0.00
11 [ 0.00 0.00 0.00 0.00 0.0l 0.00( 0.00 11| 0.00 [ 0.00 0.00 0.00 0.00 [0.00| 0.00
12| 0.0l 0.02 0.02 0.0l 0.05 0.02| 0.02 12 1 0.01 0.02 0.0l 0.00 0.03 0.02| 0.02
13| 0.06 0.15 0.05 0.08 0.12 0.09| 0.05 131 0.02 | 0.08 0.02 0.03 0.06 0.07 | 0.03
14| 0.12 0.31 0.07 0.23 0.16 026 | 0.16 141 0.06 | 0.12 0.03 0.10 0.11 0.17| 0.10
15| 0.22 0.31 0.09 0.49 0.19 045 | 0.36 151 0.12 | 0.14 0.05 0.28 0.09 028 | 0.22
16 | 0.43 0.47 0.27 0.64 0.28 065 | 0.77 16| 0.23 | 0.27 0.17 0.35 0.14 0.36 | 0.52
17| 1.05 091 0.62 0.82 0.63 0.87 1.67 17| 0.57 | 0.57 0.37 0.46 0.40 0.46 1.10
18| 2.21 1.66 1.35 |.45 1.12 1.74 | 2.54 181 1.29 1.06 0.81 0.80 0.57 1.04 1.56
19| 3.87 2.28 2.99 2.15 2.03 3.29 | 247 191 2.51 1.32 1.92 1.20 1.10 1.97 1.34
20 | 549 2.71 5.6l 2.32 3.90 455 2.69 20| 3.35 1.53 3.66 1.37 2.26 261 |.44
21 | 5.93 3.6l 7.45 2.33 454 [472| 285 21| 3.53 1.99 4.67 1.28 261 2.59 1.59
22 | 594 3.87 7.09 2.37 3.73 405 | 2.64 22| 346 | 2.21 429 1.28 1.94 2.26 1.40
23 | 4.32 2.57 5.27 |1.46 261 2.78 1.77 23| 2.25 .56 2.82 0.70 1.31 129 | 0.8I
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Scenario 2: Adding Flexibility
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- ED Beds: 20 - ED Threshold: |8
- Observation Beds:4 - Beds for Boarding: 4

Wiait Time to Enter Observation Unit (mlns) Wait Time to Enter Observation Unit (mins)

S M | Tu \2% Th | F S S M | Tu \2% Th | F S
0| 643 7.01 6.82 6.80 6.89 700 | 6.83 0| 753 | 9.60 9.22 10.50 7.57 7.61 8.36
S | | 708 | 7.23 7.56 6.73 5.89 7.14| 6.46 S | 5.76 | 8.04 8.08 7.90 6.21 8.31 7.85
< ([2]684 | 69l 5.78 7.36 5.85 595 | 7.35 (4 2 | 558 | 7.38 6.28 7.90 6.08 693 | 6.78
D 3| 596 | 595 47| 6.72 3.99 580 | 5.60 D 3 |696 | 58I 6.17 6.07 422 6.67| 529
L 4| 468 | 4.68 424 4.40 3.92 391 452 Y 4 | 487 | 444 427 456 4.00 527 | 3.73
o 51301 3.64 427 3.49 3.49 407 | 422 o 5 1] 3.89 3.49 3.56 5.21 3.00 546 | 2.85
5 6 | 3.05 2.95 2.12 2.87 1.97 2.48 1.75 ; 6 | 239 | 2.75 2.44 2.85 1.32 285 | 3.50
o 71263 | 3.33 1.88 1.96 1.73 3.60| 1.78 o 7 1.86 | 2.38 2.12 1.56 1.18 283 | 2.75
I 8080 | 2.64 1.38 2.09 3.12 1.86| 2.13 I 8 1.69 1.67 1.09 1.02 0.88 1.98 1.34
91 1.17 | 0.96 1.0l 1.33 1.00 [09] 1.12 9 1.12 | 0.75 1.14 1.28 1.0l 1.09 .13
10| 1.45 | 0.96 0.69 1.76 0.29 1.57 1.36 10| 1.22 | 0.79 1.03 |.44 0.63 1.14| 0.89
11| 023 | 0.56 0.50 1.06 1.04 090 | 0.40 11060 | 061 0.60 1.35 0.25 1.48| 0.92
12 1 0.26 1.57 0.83 1.32 0.76 1.26 | 1.35 12 | 0.42 1.04 1.07 0.87 1.35 0.72 1.17
131 1.28 1.16 1.00 .16 0.96 1.23 | 0.84 13| 0.72 |.45 0.99 0.75 1.21 1.92 1.09
14| 1.18 | 2.05 0.98 1.09 1.33 |.15 1.16 14 | |.46 1.89 1.61 201 1.42 2.00 1.91
151 1.09 | 243 1.31 1.72 1.27 1.86| 1.70 I5] 186 | 2.57 1.60 1.73 2.16 227 | 2.16
16| 1.33 2.16 1.31 1.95 1.73 260 2.11 16 | 2.11 2.77 1.90 247 2.66 272 | 2.89
171 2.13 3.01 1.41 2.38 1.63 236 2.85 17 | 3.34 3.83 3.29 3.85 4.07 456 | 4.04
18| 2.85 3.03 1.80 3.89 2.31 3.39| 3.54 18 | 423 | 4.56 3.50 5.17 3.67 433 | 5.26
191 348 | 3.60 2.74 3.53 3.62 3.35| 3.8l 191 6.16 | 6.37 496 5.34 482 5.77 | 6.53
20| 445 | 4.11 3.69 4.80 427 5.50| 3.93 20 | 784 | 6.90 6.79 741 7.06 721 7.89
21| 482 | 457 475 6.66 3.42 5.23| 546 21 | 870 | 6.87 8.98 7.59 761 854 | 7.59
22| 5.12 | 5.53 5.87 5.25 6.41 7.11 591 22 11044 | 9.34 9.63 7.25 8.27 985 | 84l
23| 7.67 | 5.70 6.95 5.44 6.27 6.06 | 6.78 2311042 | 883 10.33 8.22 8.30 8.38| 9.94
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» Flexibility
— Allows for short first treatment time

— Increases time to get into observation unit

« Small observation units need restricted beds
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- Change parameters
— Capacities and thresholds
» Modify observation patients

+ Other methods to determine how many beds
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Thank You!
Questions!

Mark Grum

mgrum(@umich.edu
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