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Queuing Theory - Agner Krarup Erlang

Copenhagen Telephone 
Company (KTAS), 1908

"Solution of some Problems 
in the Theory of Probabilities 
of Significance in Automatic 
Telephone Exchanges,” 
1917

© 2023, Crane, Noon

http://en.wikipedia.org/w/index.php?title=Copenhagen_Telephone_Company&action=edit&redlink=1
http://en.wikipedia.org/w/index.php?title=Copenhagen_Telephone_Company&action=edit&redlink=1
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A Simple Queue

Server

Queue
(waiting line)Customer

Arrivals

Customer
Departures

Arrival

Rate ( )
and Distribution 

Service

Rate ( )
and Distribution 

Avg Number

in Queue (Lq )

Avg. Wait Time

in Queue (Wq )

Avg Time in System (W )
Avg Number in System (L )

© 2023, Crane, Noon



Demand on Key Servers - Arrivals

ARRIVAL TIMES

660 690 720 750 780 810 840 870 900

Time

ARRIVAL TIMES

460 490 520 550 580 610 640 670 700

Time

Arrival data from a California hospital.  Mondays, 2pm-6pm.
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Distribution of Observed Triage Times (n=777) 
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Std.Dev. = 4.97

Time study data from MWH.

Demand on Key Servers - Service
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As Server Variation Increases…
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As Utilization Increases…

© 2023, Crane, Noon

Waiting 



Physician

Theory of Constraints – FT Example

30 min/pt3pts/hr

=
1) How many patients can my 

clinic see per hour?

2) How can you improve this 
system?

3) if you can’t add resources….
Nurse
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TOC: The Theory of Constraints
▪ Bottleneck- A resource 

that has the capacity equal 
to or less than the demand 
placed upon it

▪ Non-bottleneck- A 
resource that has a 
capacity that is greater 
than the demand placed 
upon it

© 2023, Crane, Noon
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Case Study: 75,000-visit Peds ED
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You’re called into the CEO’s Office!
Our ED 
really 
stinks!
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Peds ED Door to Doc by Month
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Peds ED LWOBS by Month
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Peds ED LWOBS vs. Peers
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You’re called into the CEO’s Office!
Our ED 
really 
stinks!

YOU better 
fix this 
NOW!

© 2023, Crane, Noon



What are you going to do?
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What Information Do You Need?
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PEDs ED Acuity Mix by ESI Level
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Peds ED Hourly Arrivals
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Peds ED Day of Week Arrivals
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Peds ED Seasonal Hourly Arrivals
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Peds ED Hourly LWOBS
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Peds ED LWOBS vs Door to Doc
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Nurse vs. Provider Staffing
Nurse

Provider

© 2023, Crane, Noon



Breakout Session – 7 min

How do you turn this 
around?

Provide a 5-point, bulleted 
summary of the following:
1. Problems identified (top 3)
2. Proposed solutions (top 3)
3. Information needed (top 3)
Designate one person to present

© 2023, Crane, Noon
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Basic Approach to Staffing

1. Define the arrival Demand

2. Define and align the server Capacity

(physician, nurse, APC, resident, bed 
productivity)

3. Execute in the Context of your 
current operational environment
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1. Define the Arrival Demand
Arrival demand defines 
the demand for 
healthcare delivery
Is the primary driver for 
physician, APC, and 
resident staffing

© 2023, Crane, Noon



1. Demand – Hour of Day Variation

Peak usually starts 
between 8a and 11am
Usually ends between 
9pm and 11pm
Typically between 4:1 
and 6:1 peak vs 
overnight arrivals
Pediatrics and low 
acuity – higher 
evenings

Peak 10/hr
Low 2/hr

© 2023, Crane, Noon



1. Demand – Hour of Week Variation

Volume varies significantly by day of week in most 
institutions
Weekend volume is usually lower than weekday volume
Mondays are usually the busiest and also have the highest 

acuity

Pediatrics will have much higher weekends and evenings

© 2023, Crane, Noon



1. Demand - Seasonal Variation

Seasonal Variation can 
be problematic if not 
considered
Ultimately affects the size 
of your ED and the 
operational approach
Peds follows this profile
Need specific strategies 
to staff appropriately –
part time staffing, 
preferential vacations, 
snowbird scheduling

Summer
10/hr

Winter
12/hr

© 2023, Crane, Noon



1. Demand - Acuity
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1. Demand – Special Demand COVID-19

The 2020 holiday wave aligns most closely with the current volume experience; both in timing around the holiday season and the depth of the 

volume suppression.  This has led to its use as the historical modelling point for the analysis..
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Basic Approach to Staffing

1. Define the arrival Demand

2. Define and align the server Capacity

(physician, nurse, APC, resident, bed 
productivity)

3. Execute in the Context of your 
current operational environment
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2. Define Server Capacity
1. Assess the volume 

over a week and 
divide by the total 
staffing hours

1400 pts/wk

700 doc hrs/wk = 2 pts/hr

© 2023, Crane, Noon



2. Capacity – Average Service Rate
1. Assess the volume 

over a week and 
divide by the total 
staffing hours

2. Peak productivity will 
usually be higher as 
lower overnight 
volumes tend to 
drive the overall 
average down

© 2023, Crane, Noon

1400 pts/wk

700 doc hrs/wk = 2 pts/hr

1100 pts/wk

500 doc hrs/wk
= 2.2 pts/hr



Benchmarks are Scarce
Nursing

No source for ideal 
productivity
Most recommendations 
are from nurse advocate 
organizations
Growing evidence that 
lower nurse staffing 
results in increased 
morbidity, mortality, and 
cost

Physician

No source for ideal 
productivity
ACEP, SAEM, AAEM all 
have position statements
Other studies are largely 
inaccurate, outdated

Recommended Benchmarking Sources: ACEP; Premier; EDBA; VHA

© 2023, Crane, Noon



EDBA Actual PPH

Based on 2018 data

© 2023, Crane, Noon
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EDBA Actual PPH

Based on 2018 data
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Must take system flow into account!
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4,000 Clicks

• 43% of time on data entry
• 28% on direct care
• 12% Results review
• 13% Communication
• 3% Other

© 2023, Crane, Noon



Scribes
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EDBA Impact of Scribes

© 2023, Crane, Noon



Scribes vs Voice Dictation
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Physician

Theory of Constraints – FT Example

30 min/pt3pts/hr

=
1) How many patients can my 

clinic see per hour?

2) How can you improve this 
system?

3) if you can’t add resources….
Nurse

© 2023, Crane, Noon



2. Nurse Capacity

© 2023, Crane, Noon



Worked Hours per Patient Visit (whppv)
Nursing worked hours per patient visit:
WHPPV is just the inverse of the calculation we use for 
provider pts/hr

Total worked hours per patient visit is calculated 
similarly, but includes all other staff as well as nurse 
admin FTEs.

© 2023, Crane, Noon

1400 pts/wk
700 doc hrs/wk = 2

pts/hrP
ts

/h
r

W
h

p
p

v

1000 RN hrs/wk
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EDBA WHPPV – All Sites

*This data set does not include admin FTE

© 2023, Crane, Noon
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2. Capacity – Nurse Staffing Ratios

1. Many nurse staffing 
paradigms are driven 
off of bed ratios (4 
beds per nurse)

2. Nurse staffing will 
depend on occupancy

© 2023, Crane, Noon
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Dynamic Capacity Alignment

Steady state staffing is straightforward
Ramp up and ramp down is more difficult

© 2023, Crane, Noon
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Arrivals – 72k Visits



Provider Demand – 72k Visits
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Overlay Arrivals and Provider Demand
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1 hour 1 hour1 hour 1 hour

3-hour Length Of Stay

MD spends 30 minutes per patient,

but when?

15 Minutes 

in first 

hour

6 Minutes 

in second 

hour

9 Minutes 

in third 

hour

50% in first 33% 20% in second 33% 30% in third 33%

Copyright Jody Crane, MD, MBA, Chuck Noon, PhD 2008

MD Demand – 2 pts/hr

© 2023, Crane, Noon



Optimizing the Alignment

© 2023, Crane, Noon

ESI Level 3 36.37%

ESI Level 4 30.20%

ESI Distribution

ESI Level 1 1.64%

ESI Level 2 20.00%

11.80%ESI Level 5



APC
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APC
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Physician
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Physician
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Provider
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Provider
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Current Nurse Staffing - Planned
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Current Nurse Staffing - Actual
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Future Nurse Staffing
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Basic Approach to Staffing

1. Define the arrival Demand

2. Define and align the server Capacity

(physician, nurse, APC, resident, bed 
productivity)

3. Execute in the Context of your 
current operational environment
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Geography, 
Process, 
and People 
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This ED is a lot harder to staff….

© 2023, Crane, Noon



Than this ED….

Turbo Care/
Results Waiting

Laboratory

Public Entry
Intake
Waiting

Continuous Care

TraumaD Pod

EMS Access

© 2023, Crane, Noon



Arrival Acuity by HOD

© 2023, Crane, Noon



There are Really Only 3 Types
of ED Patients…

SickEasy Complicated

© 2023, Crane, Noon



Optimizing Streams

© 2023, Crane, Noon



Assessment

SickEasy Complicated

Walk-in 
Arrivals

Ambulance 
Arrivals

8 pts/hr
“Vertical”

Super Track

8 pts/hr
“Horizontal”

Main ED

3 pts/hr
“Vertical”

Intake/RME

© 2023, Crane, Noon



Low Acuity Arrivals = ESI 4,5

2.5 Vertical 
6 Horizontal

© 2023, Crane, Noon



Assessment

SickEasy Complicated

Walk-in 
Arrivals

Ambulance 
Arrivals

2.5 pts/hr
“Vertical”

Super Track

6 pts/hr
“Horizontal”

Main ED
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“Super Track” 

Fast Track 
located in or 
near triage for 
the purpose of 
promptly 
treating patients 
who require 
very low 
resource 
utilization

Treatment 
Room 1

Treatment 
Room 2

Procedure 
Chair

Entrance/Exit
1 MD/APC
1 Nurse
1 Tech

Results 
Waiting

© 2023, Crane, Noon

2 x Doc 4.5 x Nurse



Intake Arrivals – ESI 4, 5, 33% ESI 3

4 Vertical 
4.5 Horizontal

© 2023, Crane, Noon
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1.25 x Doc 3.5 x Nurse
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2 RN, 1 Doc, 
1 APC, 1 tech, 2 Scribes
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Know Your Staff Needs
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Symptoms:
Elevated patient throughput times
High left-without-being-seen rate
Low patient satisfaction
Clinician behavior in a stressful 
environment
Low clinician satisfaction and 
retention

The four key drivers of patient 
satisfaction:

Length of stay 
Quality of the interactions with 
providers 
Quality of the explanations 
Pain management

© 2023, Crane, Noon
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Case Study - Future Directions
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Low Acuity Option 2
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Sun Mon Tues Wed Thur Fri Sat Sun Mon Tues Wed Thur Fri Sat Sun Mon Tues Wed Thur Fri Sat
7.0 7.0 7.0 7.0 6.0 6.0 7.0 8.0 8.0 8.0 8.0 7.0 7.0 8.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
6.0 6.0 6.0 6.0 5.0 5.0 6.0 7.0 7.0 7.0 7.0 6.0 6.0 7.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.0 5.0 5.0 5.0 5.0 5.0 5.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
5.0 5.0 5.0 5.0 5.0 5.0 5.0 7.0 8.0 7.0 7.0 7.0 7.0 7.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
6.0 6.0 6.0 6.0 6.0 6.0 6.0 8.0 9.0 8.0 8.0 8.0 8.0 8.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
6.0 6.0 6.0 6.0 6.0 6.0 6.0 8.0 9.0 8.0 8.0 8.0 8.0 8.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
6.0 6.0 6.0 6.0 6.0 6.0 6.0 8.0 9.0 8.0 8.0 8.0 8.0 8.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
6.0 6.0 6.0 6.0 6.0 6.0 6.0 8.0 9.0 8.0 8.0 8.0 8.0 8.0 2.0 3.0 2.0 2.0 2.0 2.0 2.0
8.0 8.0 8.0 8.0 8.0 8.0 8.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
8.0 8.0 8.0 8.0 8.0 8.0 8.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
8.0 8.0 8.0 8.0 8.0 8.0 8.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
8.0 9.0 9.0 8.0 9.0 9.0 8.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 1.0 0.0 0.0 1.0 0.0 0.0 1.0
8.0 9.0 9.0 8.0 9.0 9.0 8.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 1.0 0.0 0.0 1.0 0.0 0.0 1.0
9.0 9.0 9.0 8.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0
9.0 9.0 9.0 8.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0
8.0 8.0 8.0 7.0 8.0 8.0 8.0 9.0 9.0 9.0 8.0 9.0 9.0 9.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
7.0 7.0 7.0 6.0 7.0 7.0 7.0 8.0 8.0 8.0 7.0 8.0 8.0 8.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

152.0 154.0 154.0 148.0 152.0 152.0 152.0 170.0 175.0 170.0 168.0 168.0 168.0 170.0 18.0 21.0 16.0 20.0 16.0 16.0 18.0

Recommended Profile Change from CurrentCurrent Staffing Profile

1,064.0 1,189.0 125.0

Overall 
Provider

Assumes PA Prod = Future (2.0 pts/hr)

© 2023, Crane, Noon



Overall 
Nursing

Sun Mon Tues Wed Thur Fri Sat Sun Mon Tues Wed Thur Fri Sat Sun Mon Tues Wed Thur Fri Sat
24.0 24.0 24.0 24.0 24.0 24.0 24.0 22.0 24.0 25.0 24.0 24.0 25.0 25.0 -2.0 0.0 1.0 0.0 0.0 1.0 1.0
24.0 24.0 24.0 24.0 24.0 24.0 24.0 22.0 22.0 25.0 24.0 24.0 25.0 25.0 -2.0 -2.0 1.0 0.0 0.0 1.0 1.0
24.0 24.0 24.0 24.0 24.0 24.0 24.0 20.0 20.0 22.0 20.0 20.0 22.0 22.0 -4.0 -4.0 -2.0 -4.0 -4.0 -2.0 -2.0
22.0 22.0 22.0 22.0 22.0 22.0 22.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 -4.0 -4.0 -4.0 -4.0 -4.0 -4.0 -4.0
18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19.0 19.0 19.0 19.0 19.0 19.0 19.0 18.0 20.0 20.0 20.0 20.0 20.0 18.0 -1.0 1.0 1.0 1.0 1.0 1.0 -1.0
19.0 19.0 19.0 19.0 19.0 19.0 19.0 20.0 24.0 23.0 23.0 23.0 23.0 20.0 1.0 5.0 4.0 4.0 4.0 4.0 1.0
19.0 19.0 19.0 19.0 19.0 19.0 19.0 20.0 24.0 23.0 23.0 23.0 23.0 20.0 1.0 5.0 4.0 4.0 4.0 4.0 1.0
19.0 19.0 19.0 19.0 19.0 19.0 19.0 20.0 24.0 23.0 23.0 23.0 23.0 20.0 1.0 5.0 4.0 4.0 4.0 4.0 1.0
24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 25.0 24.0 24.0 25.0 25.0 24.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0
24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 25.0 24.0 24.0 25.0 25.0 24.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0
24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 25.0 24.0 24.0 25.0 25.0 24.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0
24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 25.0 24.0 24.0 25.0 25.0 24.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0
24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 25.0 24.0 24.0 25.0 25.0 24.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0
24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 25.0 24.0 24.0 25.0 25.0 24.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0
24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 25.0 24.0 24.0 25.0 25.0 24.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0
24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 25.0 24.0 24.0 25.0 25.0 24.0 0.0 1.0 0.0 0.0 1.0 1.0 0.0
25.0 25.0 25.0 25.0 25.0 25.0 25.0 24.0 25.0 24.0 24.0 25.0 25.0 24.0 -1.0 0.0 -1.0 -1.0 0.0 0.0 -1.0

513.0 513.0 513.0 513.0 513.0 513.0 513.0 497.0 522.0 516.0 512.0 521.0 525.0 505.0 -16.0 9.0 3.0 -1.0 8.0 12.0 -8.0

Change from CurrentRecommended ProfileCurrent Staffing Profile

3,591.0 3,598.0 7.0

Assumes Nurse Prod = Current (0.8pts/hr)

SummSched
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What Are You Sinking About?
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Conclusions
Optimizing staffing in the emergency department 
requires understanding core flow concepts like queuing 
theory and the theory of constraints
An accurate assessment of demand, capacity, and 
variation is necessary to be successful
A consistent approach to staffing is necessary to achieve 
consistent results
Physician staffing cannot be looked at in isolation and 
must be contextualized relative to nurse staffing, bed 
constraints, physical space, skill mix and acuity mix

© 2023, Crane, Noon
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