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Emergency Department (ED) 
Crowding – “A National Epidemic” 

Improve Patient Flow 

157 

Presenter
Presentation Notes
In 2006, the Institute of Medicine published a series of reports where they described the crowding of emergency departments as “a national epidemic.”  I am a pediatric emergency medicine physician from Cincinnati Children’s Hospital, and our ED offered no exception to the occurrence of crowding, as evidenced by the 157 chairs in our waiting area.  One way to alleviate crowding is to improve patient flow.



The Setting 
• Pediatric ED at tertiary-care children’s 

hospital 
• 90,000 annual ED visits 
• 8-county local service area, national and 

international referral center 
• 42 exam rooms (7 of which are Fast 

Track) 
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Presentation Notes
To be fair, let’s put our waiting area in perspective.  Our pediatric ED is one of the busiest in the country with approximately 90,000 annual patient encounters.  Often multiple caregivers and family members accompany a single patients.  We service an 8-county local area, and have significant national and international reach especially around tertiary care.  Other than our resuscitation area, our ED has 42 exam rooms, 7 of which are designated as Fast Track beds to help manage patients identified as having minor illness.  But how do we categorize degree of illness?




Emergency Severity Index 

1  2  3  4  5 

Most Sick Least Sick 
(Major Illness) (Minor Illness) 

Presenter
Presentation Notes
Upon a patient’s arrival, we apply the most common segmentation system in U.S. emergency departments – the Emergency Severity Index – where we place patients into one of five categories – category 1 representing the most sick or having major illness, and category 5 representing the least sick or having minor illness.



“Current” System: LOS vs. Wait Time 
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We need to understand how this segmentation affects patient length of stay.  The y axis represents hours, the blue diamonds represent average values for time, and the light blue bars represent 95% confidence intervals.  Considering our ED as a whole, the average length of stay is approximately 2.7 hours and the average wait time to see a physician is approximately 35 minutes.  

If we segment LOS by illness severity, we would expect that patients with minor illness experience shorter lengths of stay compared to sicker patients, as the complexity of care for patients with minor illness is expected to be relatively low.  Yet, except for the most critically ill patients, this data demonstrated nearly equal lengths of stay regardless of illness category. 

To offer an explanation for this, we look to wait times.  Patients with minor illness experienced proportionally longer wait times to see a physician.  It is this wait time that led to an increased length of stay for this patient segment.  In effect, our system was not designed to capitalize on the fact that the care of patients with minor illness is less time consuming.  



 Major  vs.  Minor 
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These findings informed our theory that we would be able to improve ED length of stay by directing our resources to patients who were the least ill.  However, this was counterintuitive to a clinician like me.  In the midst of working in a busy ED, my attention is directed toward patients with major illness, and if less sick patients have to wait – well, that’s just the way it is.  So how do we convince ourselves that focusing on patients with minor illness is the right thing to do?  




Effect of Working on “Minor Patients” 
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We used discrete-event simulation to test our theory, and this graph depicts the results of our simulated tests.  The x axis represents the fast track scenario tested – from the baseline system shaded in blue on the left to one of 9 different scenarios as we move horizontally on the x axis to the right.  Without getting into too much detail, we varied several factors related to our Fast Track, including methods for triage, types of patients seen, and various flow and operational policies.  The y axis represents length of stay in hours, and the various colors and symbols correspond to ESI categories, with red and yellow representing the sicker patients and green and gray representing our less sick patients. 

Let me use the current system and scenario 8 to illustrate 2 key points.  First, Scenario 8 demonstrates improvement in length of stay for less sick patients – represented by the green and gray symbols – but the most important thing this graph demonstrates is that as we increase our efficiency of care delivery for our least ill patients, the simulation predicted that there would be a concurrent decrease in length of stay for our most ill patients – without any active effort directed at these sicker patients.  

Dissemination and explanation of this single slide was the turning point in our efforts to achieve staff buy-in for our work.  It challenged our conventional thinking that patients with minor illness could afford to wait.  



Fast Track Aims Measure Target 

↑ Patients 
P-chart 

Proportion of ESI 4-5 
patients seen (Minor)  

55  70% 

↓ LOS 
Run chart 

Average Fast Track LOS 
2.3 1.5(hrs) 

      

Secondary Aim Measure Target 

↓LOS for sicker 
      patients 

Run chart 
Average LOS for ESI 2-3 

patients (Major) 
↓ by 15 min 
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Based on this simulation, we developed the following aims related to the Fast Track:  see more patients while reducing their length of stay.  We believed that by accomplishing these two aims, we would indirectly reduce the length of stay for our sicker patients. 

We developed measures and targets for each of these aims.  To measure the number of patients, we developed a p chart showing the weekly proportion of minor illness patients seen in the Fast Track with a goal to increase this value from 55% to 70%.  To measure Fast Track length of stay, we developed a run chart showing weekly average length of stay with a goal to decrease this from 2.3 hours to 1.5 hours.  Finally, for our secondary aim, we developed a run chart showing the weekly average length of stay for patients with major illness, and had a goal of reducing this value by 15 minutes.



Intervention (Adapted from Crane and 
Noon, 2011) 

Greeter RN 
Algorithm 

Entrance/Exit 

Triage 

Exam Room Exam Room 

Exam Room 

1 MD/APN 
1 RN 
1 PCA/Medic 

Team Approach to Care Scribes 

Swing Room 

Results Waiting 

Virtual Bedding 

Presenter
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Our intervention design was based on Scenario 8 and was adapted from a model published by Crane and Noon this year.  I will focus on 4 main components.  First, we recognized that work done by the different provider types was performed in parallel and was not complimentary.  We decided to make the team concept explicit by determining the necessary personnel resources, by defining roles and responsibilities, by eliminating competing priorities, and by limiting the physical space.  Next, we moved from a single tier triage system to a 2-tiered process – and stationed a greeter nurse at the entrance to identify the extremes of illness and the least ill patients were sent immediately to the fast track according to a newly developed algorithm. 

Third, we implemented a system of virtual bedding – in other words, patients waiting for test results would be moved to a results waiting lobby rather than occupy precious exam room capacity.  After results were made available, the patient was brought to a 4th swing room to deliver final care.  Lastly, we discovered through time studies that nearly 50% of a provider’s effort was spent doing documentation in the medical record.  We decided to offload the documentation task by hiring and employing scribes – individuals trained to document care in real time.  

Now we’ll move on to our results…
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Degradation  
Baseline 
Period 

Prototype 
Design  

Near-Final 
Design 
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First – did we see more patients in the Fast Track?  We did - This p chart shows the proportion of “minor” patients (those categorized as ESI 4 or 5) - receiving care in our fast track.  The x axis is time from November of 2009 through November of this year, with each data point representing a 1 week period.  The y axis depicts the percent of patients.  We established a baseline from November through February of 2009 – at baseline, our fast track handled about 55% of these patients.  We tested individual components of our intervention after this, and eventually did a month-long test of a prototype design in September 2010 – we saw some performance gains that gave us a bit of confidence.  We refined our intervention and implemented a near-final design in mid January of this year; and our final design with full scribe implementation occurred mid May of this year.  Interestingly we had some degradation coincident with our final design.  We provided another wave of reinforcement and re-education – and these efforts have been associated with a stabilization to our target performance of 70% over the last 2.5 months.  
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Week Ending 

Primary Aim 2: Fast Track Average Length of 
Stay 

Average LOS in Hours Center Line-Median

Baseline 
Period 

Prototype 
Test  

Near Final 
Design 

Final Design 

Degradation  

Presenter
Presentation Notes
Second – did we reduce fast track length of stay?  We did, but we have more work to do.  This run chart shows the weekly average length of stay for patients seen in our Fast Track.  The x axis is unchanged from the prior chart.  The y axis depicts the average length of stay in hours. Prior to implementation of our final design, during the process of ramping up our use of scribes, we demonstrated special cause variation with a reduction in average length of stay to 1.8 hours – as denoted by the red arrow.  Recently, however, we experienced performance degradation.  Due to staffing limitations, we anticipated this would occur, but these limitations were resolved in October and we believe we will return to our 1.8 hour average.  The occurrence of this special cause was in fact helpful.  As our patient demand during this period approximates winter demand, we have been proactive in our staffing models to hopefully prevent deterioration this winter.  
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Week Ending 

Average LOS in Hours Center Line-Median

Secondary Aim: Average Length of Stay for “Major”  
Patients (ESI 2 or 3) 

Baseline 
Period 

Prototype 
Test  

Near Final 
Design 

Final Design 
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Finally, did we reduce length of stay for our major patients?  We believe so.  This run chart shows the weekly average length of stay for higher acuity patients seen outside the Fast Track.  The x and y axes are unchanged from the prior run chart.  Concurrent with the reduction in fast track length of stay shown on the last run chart, we have been able to demonstrate a significant reduction in length of stay for our patients with major illness – as denoted by the red arrow – specifically, we achieved a reduction in average LOS of 17.5 minutes.  



Conclusions and Implications 

• Successfully increased proportion of patients with 
minor illness (ESI 4 or 5) seen in Fast Track to 70% 

• Need further work to sustain reduction in length 
of stay 

• Documented a 17.5 minute decrease in average 
length of stay for “major” patients (ESI 2 or 3), 
consistent with our simulation-based prediction 

• Application outside the ED 

Presenter
Presentation Notes
In conclusion, we have had an exciting journey in our initial efforts to improve patient flow through our ED.  We have successfully increased the number of patients receiving care in the Fast Track to our goal.  We need to work further to sustain decreases in fast track length of stay, and we have not yet been able to achieve our goal of 1.5 hours.  Finally, we documented a 17.5 minute decrease in average length of stay for our patients with major illness, consistent with our simulation-based prediction.  

We believe our project has implications even outside the ED.  This is essentially an open access model for the delivery of acute illness care – and as such, may be adapted to varied outpatient settings.
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Patients with “Major Illness” (ESI 1-3) 

Jan 14 - Oct 1, 2010 
Patients Seen: 28,504 

Jan 14 - Oct 1, 2011 
Patients Seen: 28,373 
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48-Hour Returns (Fast Track) 
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48-Hour Returns (Major) 

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

3.0%

3.5%

4.0%

1/
9/

10
 n

=1
19

1
1/

23
/1

0 
n=

13
73

2/
6/

10
 n

=1
29

4
2/

20
/1

0 
n=

10
55

3/
6/

10
 n

=1
27

7
3/

20
/1

0 
n=

12
68

4/
3/

10
 n

=1
18

7
4/

17
/1

0 
n=

14
53

5/
1/

10
 n

=1
32

4
5/

15
/1

0 
n=

12
39

5/
29

/1
0 

n=
12

99
6/

12
/1

0 
n=

11
71

6/
26

/1
0 

n=
12

15
7/

10
/1

0 
n=

11
96

7/
24

/1
0 

n=
11

46
8/

7/
10

 n
=1

15
3

8/
21

/1
0 

n=
11

81
9/

4/
10

 n
=1

27
4

9/
18

/1
0 

n=
12

85
10

/2
/1

0 
n=

12
24

10
/1

6/
10

 n
=1

24
4

10
/3

0/
10

 n
=1

22
5

11
/1

3/
10

 n
=1

17
3

11
/2

7/
10

 n
=1

04
2

12
/1

1/
10

 n
=1

12
0

12
/2

5/
10

 n
=9

58
1/

8/
11

 n
=1

17
8

1/
22

/1
1 

n=
12

34
2/

5/
11

 n
=1

33
5

2/
19

/1
1 

n=
14

79
3/

5/
11

 n
=1

34
3

3/
19

/1
1 

n=
12

22
4/

2/
11

 n
=1

11
4

4/
16

/1
1 

n=
11

83
4/

30
/1

1 
n=

11
75

5/
14

/1
1 

n=
12

00
5/

28
/1

1 
n=

11
43

6/
11

/1
1 

n=
11

15
6/

25
/1

1 
n=

99
1

7/
9/

11
 n

=1
03

7
7/

23
/1

1 
n=

10
56

8/
6/

11
 n

=1
01

9
8/

20
/1

1 
n=

10
96

9/
3/

11
 n

=1
17

4
9/

17
/1

1 
n=

11
42

10
/1

/1
1 

n=
11

45
10

/1
5/

11
 n

=1
20

2
10

/2
9/

11
 n

=1
15

1
11

/1
2/

11
 n

=1
11

6

Pe
rc

en
t o

f P
at

ie
nt

s 

Percent of Patients Average UCL LCL



LWBS Rate (Fast Track) 
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Resource Comparison 

Pre-Intervention  
• 4 providers 
• 3 nurses 
• 1 patient care assistant 
• 14 rooms 

 
 

Post-Intervention 
• 3 providers 
• 3 nurses 
• 2 patient care assistants 
• 9 rooms 
• 2 scribes 



Model Value 

• Cost 
– Includes personnel costs, materials/equipment 

costs 
– Does not include resident physicians, utilities 

• Measure:  Cost/patient encounter 
– FY 2010 - $93.29 
– FY 2011 - $84.13 (10% decrease) 
– Lowest cost model among 2 EDs and 3 urgent 

cares 

Presenter
Presentation Notes
Cost/patient visit in the Major increased by 5.5% - b/c less patients going through major and same resources.  These resources are being kept to account for future growth (new urgent care and growth at our second ED).  $125.40 is next lowest cost model – at an urgent care.







0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

90.00%

100.00%

0

2

4

6

8

10

12

14

16

18

Cu
m

ul
at

iv
e 

Pe
rc

en
ta

ge
 

N
 

Patients who WERE eligible for Area E, but SEEN in Major  
Pareto chart 



0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

90.00%

100.00%

0

5

10

15

20

25

30

35

Cu
m

ul
at

iv
e 

Pe
rc

en
ta

ge
 

N
 

Patients with ESI 4-5 that were NOT eligible for Area E 
Pareto Chart 



Simulation Variables 

• Patient segments 
– ESI 5, current ESI 4, and ADDITIONAL ESI 4 

• Virtual bedding 
– Results waiting lobby vs. stay in room 

• Flow Rules 
– Single tier vs. 2-tier triage 
– Wait for fast track bed vs. reroute to major if fast 

track bed unavailable 
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