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Overview

� Concepts of “Lean” and “Flow” in Healthcare 

� Queuing Basics

� Lean Concepts Applied to a Single Queuing 
Interface

� Concepts of Lean Flow Applied to a Network 
of Queues
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Lean Healthcare

� Lean Healthcareis the application of concepts, 
toolsand management prescriptionsaimed at 
furthering the organizational mission by 
strengthening operating processes.

� Characteristics of a Lean Healthcare organization
� More Efficient (operationally & capital-wise)
� Faster & more reliable
� Delivers higher quality
� More Responsive
� Performs way above the rest
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Lean Healthcare

� Lean Healthcareis the application of concepts, 
toolsand management prescriptionsaimed at 
furthering the organizational mission by 
strengthening operating processes. 

� Characteristics of a Lean Healthcare organization
� More Efficient (operationally & capital-wise)
� Faster & more reliable
� Delivers higher quality
� More Responsive
� Performs way above the restwith more satisfaction
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Headwinds

� Healthcare is a 24x7 service operation with high 
customization

� Significant variation between customers
� Significant variation across providers
� Significant variation in demand
� Organizational culture
� Who is the customer?  Lag effects on benefits
� Limits on growth, lack of control of revenue
� History of struggling, but not to survive 
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The five principles of Lean Thinking

1) Specify valuefrom the standpoint of the end 
customer.

2) Identify all the steps in the value stream, 
eliminating every step that does not create value.

3) Make the value-added steps occur in a tightly 
integrated sequence so work flowssmoothly.

4) Let customers pull value.
5) Pursue perfectionthrough continuous 

improvement.
Womack and Jones, Lean Thinking, 2003
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The five principles of Lean Thinking

1) Specify valuefrom the standpoint of the end 
customer.

2) Identify all the steps in the value stream, 
eliminating every step that does not create value.

3) Make the value-added steps occur in a tightly 
integrated sequence so work flowssmoothly.

4) Let customers pull value.
5) Pursue perfectionthrough continuous 

improvement.
Womack and Jones, Lean Thinking, 2003

FOCUS
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Role of Flow in Lean Organizations

� Lean organizations flow products or customers 
through a system quickly, predictably, and in a 
high-quality and resource-lite fashion.

� In goods-producing industries, this is accomplished by 
allowing only very small amounts of Work-In-Process 
inventory.

� In services like healthcare, this is accomplished by 
allowing only small amounts of Waiting (or Queuing).
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Overview

� Concepts of “Lean” and “Flow” in Healthcare 

� Queuing Basics

� Lean Concepts Applied to a Single Queuing 
Interface

� Concepts of Lean Flow Applied to a Network 
of Queues
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Server

A Simple Queue
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Server

Person(MD, nurse, tech, 
transporter, housekeeper, 

etc.) or Resource(bed, 
scanner, equipment, etc.) 

A Simple Queue
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Server
Customer
Arrivals

A Simple Queue
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Server
Customer
Arrivals

Person(patient, call, etc.) or 
Thing (lab sample, soiled 

room, tray to be picked, etc.) 

A Simple Queue
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Server

A Simple Queue
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Server

Customer
Departures

A Simple Queue
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Server

Queue
(waiting line)Customer

Arrivals

Customer
Departures

A Simple Queue
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Server

Queue
(waiting line)Customer

Arrivals

Customer
Departures

A Simple Queue

Service
Rate (m m m m ))))



© 2008, Charles E. Noon 19

Server

Queue
(waiting line)Customer

Arrivals

Customer
Departures

A Simple Queue

Arrival

Rate (l l l l ))))
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A Simple Queue

Server

Queue
(waiting line)Customer

Arrivals

Customer
Departures

Arrival

Rate (l l l l )))) Service
Rate (m m m m ))))

Avg Number

in Queue(Lq )

Avg. Wait Time

in Queue(Wq )
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Walk-In Clinic Example 1
Suppose we have an 24-hour walk-in clinic that is 
staffed by a single physician.  Patients arrive and wait 
in the waiting area if the physician is busy treating 
other patients.  When a patient is seen by the 
physician, the treatment (or service) occurs in a single 
encounter. 
Data was gathered and, on average, 6 patients arrive 
per hour.  The average time to treat a patient is 12
minutes.
So, will there be any waiting?
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Walk-In Clinic Example 1
Suppose we have an 24-hour walk-in clinic that is 
staffed by a single physician.  Patients arrive and wait 
in the waiting area if the physician is busy treating 
other patients.  When a patient is seen by the 
physician, the treatment (or service) occurs in a single 
encounter. 
Data was gathered and, on average, 6 patients arrive 
per hour.  The average time to treat a patient is 12 
minutes(equivalent to rate of 5 per hour).
So, will there be any waiting?  Most definitely.
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Walk-In Clinic Example 2
Suppose we have a 24-hour walk-in clinic that is 
staffed by a single physician.  Patients arrive and wait 
in the waiting area if the physician is busy treating 
other patients.  When a patient is seen by the 
physician, the treatment (or service) occurs in a single 
encounter. 
Data was gathered and, on average, 4 patients arrive 
per hour.  The average time to treat a patient is 12 
minutes (again, a “service rate” of 5 patients/hour).
So, will there be any waiting?
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Walk-In Clinic Example 2 (cont’d)

It depends. Let’s look at two situations.  

Situation 1 – A patient arrives exactlyevery 15 minutes 
and the time to treat each patient is exactly12 minutes.

Will there be any waiting?  If so, how much?

ARRIVAL TIMES

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480

Time
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Walk-In Clinic Example (cont’d)
Situation 2 –
• Patients arrive according to a random arrival process
(a Poisson process) at an average rate of 4 patients per 
hour.  
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ARRIVAL TIMES

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480

Tim e

ARRIVAL TIMES

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480

Tim e

ARRIVAL TIMES

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480

Tim e

Poisson Arrival Examples
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Walk-In Clinic Example (cont’d)
Situation 2 –
• Patients arrive according to a random arrival process
(a Poisson process) at an average rate of 4 patients per 
hour.  
• Treatment (service) times are distributed according 
to an Exponential distributionwith a mean of 12 
minutes.  
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Walk-In Clinic Example (cont’d)
Situation 2 –
• Patients arrive according to a random arrival process
(a Poisson process) at an average rate of 4 patients per 
hour.  
• Treatment (service) times are distributed according 
to an Exponential distribution with a mean of 12 
minutes.  

Will there be any waiting? If so, how much?
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How can we estimate the waiting?

� We can use steady-stateformulas for certain 
queuing interfaces.  For example, in cases with 
Poisson arrivals, Exponentially distributed service 
times, and 1 server, the estimated wait in the walk-
in clinic can be calculated using the formula:  

� Alternatively, we could use any one of a number of 
computer simulation packages. 

� Or, we can use a spreadsheet like QueueCalc
which uses the steady-state formulas. 

Wq = l / m(m-l )
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With the Coefficient of 
Variationsset to 1, we are
Assuming maximal variation
with Poisson arrivals and 
Exponentially distributed 
service times. Values of 0 
would imply no variation.Infinite Queue Approximation Worksheet

INPUTS

KEY 
OUTPUTS
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Walk-in Clinic Example
In the walk-in clinic example, we had an arrival rate of 
4/hour and a service rate of 5/hour (average treatment 
time of 12 minutes).  Assuming maximal variation, we 
can use QueueCalcto estimate steady-state values for:

1. Server Utilization __80%__

2. Average Wait Time (Wq) _.8 hour___

3. Average Line Length (Lq) _3.2___
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Server

Queue
(waiting line)Customer

Arrivals

Customer
Departures

A Simple Queue

… and 
Arrival 

Distribution

Arrival

Rate (l l l l ))))

… and 
Service

Distribution

Service
Rate (m m m m ))))

We often use 
Coefficient of 
Variation (the 

StdDev/Mean) as a 
measure of relative 

variation of a 
distribution 
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From a sample of arrival data 

AR R IV AL  T IM E S

6 6 0 6 9 0 7 2 0 7 5 0 7 8 0 8 1 0 8 4 0 8 7 0 9 0 0

T im e

AR R IV AL  T IM E S

4 6 0 4 9 0 5 2 0 5 5 0 5 8 0 6 1 0 6 4 0 6 7 0 7 0 0

T im e

Arrival data from a California hospital.  Mondays, 2pm-6pm.
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From a sample of ED Triage Times.
Distribution of Observed Triage Times (n=777) 
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Average = 5.06
Std.Dev. = 4.97

Time study data from MWH.

Coefficient of Variation =

4.97 / 5.06 = 0.98
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Dataset of over 55k transports at a Canadian hospital.
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Average = 23.03
Std.Dev. = 12.63

Coefficient of Variation =

12.63 / 23.03 = 0.55

From a sample of Transport Times.
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Walk-in Clinic Revisited
In the walk-in clinic example, we had an arrival rate of 
4/hour and a service rate of 5/hour.  If the clinic 
launched an advertising campaign that boosted 
demand by 15%, what would happen to the waiting 
times?

1. Server Utilization _______

2. Average Wait Time (Wq) _______

3. Average Line Length (Lq) _______
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Walk-in Clinic Revisited
In the walk-in clinic example, we had an arrival rate of 
4/hour and a service rate of 5/hour.  If the clinic 
launched an advertising campaign that boosted 
demand by 15%, what would happen to the waiting 
times?

1. Server Utilization __92%__

2. Average Wait Time (Wq) _2.3 hours___

3. Average Line Length (Lq) _10.6___
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Overview

� Concepts of “Lean” and “Flow” in Healthcare 

� Queuing Basics

� Lean Concepts Applied to a Single Queuing 
Interface

� Concepts of Lean Flow Applied to a Network 
of Queues
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Queuing Interface Principles

� For queues with the arrival rate less than the 
service rate, and full-time server availability,…

� …there will be no waiting if there is no variation

� …variation can be present in the arrival process and/or 
the service process

� …as variation increases, waiting increases

� …in queues with considerable variation, waiting will 
increase dramaticallyas utilization increases
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Typical Queue Behavior 

Waiting
Time
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Achieving Lean Flow 

Principle -To reduce “flow time” through an 
individual queue, you must do one of the following:

� Reduce average rate of arrivals (rationalize)
� Reduce variation in time between arrivals (smooth)
� Reduce average service times (eliminate waste, balance)
� Reduce variation in service times (standardize)
� Add server capacity or change the timingof server 

capacity (align)  r r r 
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Typical Queue Behavior 

Giving This

Getting ThisWaiting
Time
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Achieving Lean Flow 

Principle -To reduce “flow time” through an 
individual queue, you must do one of the following:

� Reduce average rate of arrivals (rationalize)
� Reduce variation in time between arrivals (smooth)
� Reduce average service times (eliminate waste, balance)
� Reduce variation in service times (standardize)
� Add server capacity or change the timingof server 

capacity (align)  r r r
� Utilize poolingof servers



© 2008, Charles E. Noon 46

In certain situations (when tasks are similar), pooling
of servers will reduce waiting time.  For example:

S1
S2

S1

S2

lll l =4

lll l =4

mmmm=5

mmmm=5

Wq=22 minutes
Wq=48 minutes

Assuming maximal variation in arrivals and service times.

lll l =8
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Overview

� Concepts of “Lean” and “Flow” in Healthcare 

� Queuing Basics

� Lean Concepts Applied to a Single Queuing 
Interface

� Concepts of Lean Flow Applied to a 
Network of Queues
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Network of Queues

� Most healthcare delivery systems can be viewed as 
a networksof queues. 

� It’s beneficial to study such networks from two 
perspectives:
� A patient (entity) as it goes through a sequence of steps
� A server as it handles an array of arriving jobs

� The completion through one server creates an 
immediate arrival for the next server if handoffs 
are clear & direct. r r r 
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� Principle 1 –To decrease flow time, reduce the 
numberof queues that hold up patient progress by:
� Combining Steps

S1 S2 S12

Lean Design in Queuing Networks
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Computer Simulation Results

15 min.
Average 

time 
between
arrivals

1 Nurse 1 Doctor 8 Beds
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N1 D1

Computer Simulation Results

D2N2 N3

15 min.
Average 

time 
between
arrivals

1 Nurse 1 Doctor 8 Beds
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N1 D1

Computer Simulation Results

D2N2 N3

3
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3
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15 min.
Average 

time 
between
arrivals

1 Nurse 1 Doctor 8 Beds
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N1 D1

Computer Simulation Results

D2N2 N3

3
min.

3
min.

6
min.

6
min.

6
min.

15 min.
Average 

time 
between
arrivals

1 Nurse 1 Doctor 8 Beds



© 2008, Charles E. Noon 54

N1 D1

Computer Simulation Results
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N1 D1

D12

Computer Simulation Results
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Simulation
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N1 D1

D12

Computer Simulation Results
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Flow Time 1.6 hours

Flow Time 2.5 hours

Assuming maximal variation
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N1 D1

D12

Computer Simulation Results

D2N2 N3

N12

3
min.

3
min.

6
min.

6
min.

6
min.

15 min.
Average 

time 
between
arrivals

9
min.

12
min.

1 Nurse 1 Doctor

N3

3
min.

6 Beds

15 min.
Average 

time 
between
arrivals

Flow Time 1.7 hours

Flow Time 4.0 hours

Assuming maximal variation
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� Principle 1 –To decrease flow time, reduce the 
numberof queues that hold up patient progress by:
� Combining Steps

� Utilizing Concurrency

S1 S2
S2

S1

S1 S2 S12

Lean Design in Queuing Networks
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� Principle 1 –To decrease flow time, reduce the 
numberof queues that hold up patient progress by:
� Combining Steps

� Utilizing Concurrency

� One-Piece Flow

S1 S2
S2

S1

S1 S2 S1 S2

S1 S2 S12

Lean Design in Queuing Networks
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Imagine 
one 
room

Imagine 
two 
rooms
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Scorecard

Provides low flow times and 
low inventory

Linear gains

Not much effect

Low Variation
(repetitive mfg)

Successful only in very special 
situations, otherwise can hurt 
throughput and cause waits

Reduce number of queues 
through 1-piece flow

Good if servers are independent, 
problematic if servers tethered

Reduce number of queues 
through concurrency

Positive effect, must consider 
economics & “best use of skills”

Reduce number of queues 
through combining steps

High Variation
(healthcare)

Principle
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Principle 2 –To reduce the variation in “flow time”
through a queuing system, you can utilize a pull 
system.  

A pull system controls the number of patients that are 
Work-In-Process in the network, thereby limiting the 
variation in flow time.  In pull systems, when a 
patient completes processing, it is the signal to start 
another patient into the process. 

Lean Design in Queuing Networks



Just imagine stretcher parking 
spaces outside of X-Ray room!
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"Pull" system performance w/ MAXIMAL VARIATION (arr ivals & service)
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"Pull" system performance w/COV's=0.5 (arrival & se rvice)
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Scorecard

Great for maintaining 
inventory discipline and thus 
low flowtimes

Provides low flow times and 
low inventory

Linear gains

Not much effect

Low Variation
(repetitive mfg)

Somewhat awkward in service 
environment with push trigger.  
Must be able to reduce variations 
significantly.

Pull system

Successful only in very special 
situations, otherwise can hurt 
throughput and cause waits

Reduce number of queues 
through 1-piece flow

Good if servers are independent, 
problematic if servers tethered

Reduce number of queues 
through concurrency

Positive effect, must consider 
economics & “best use of skills”

Reduce number of queues 
through combining steps

High Variation
(healthcare)

Principle
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Principle 3 –To reduce overall waiting, it is 
sometimes advantageous to segmentpatient families 
when distinct patient segments are evident. 

Segmentation can effectively reduce variation by 
grouping similar patients and allow you to build 
appropriate lean delivery systems for each segment.

Lean Design in Queuing Networks
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Patient Segmentation in Queuing Networks

� Segmentation is “anti-pooling”.  Hence, it will make 
things worse if tasks and processes are similar.

S1
S2

S1

S2

lll l Y=4

lll l B=4

mmmmY=5

mmmmB=5

Wq=48 minutesWq=22 minutes

Assuming maximal variation in arrivals and service times.
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Patient Segmentation in Queuing Networks

� How can it make things better?  
1. If it reduces service times significantly.

S1
S2

S1

S2

lll l Y=4

lll l B=4

mmmmY=5

mmmmB=5

Wq=11.4 minutesWq=22 minutes

Assuming maximal variation in arrivals and service times.

mmmmY=7

mmmmB=7
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Patient Segmentation in Queuing Networks

� How can it make things better?  
2. If it reduces service times & reduces variation.

S1
S2

S1

S2

lll l Y=4

lll l B=4

mmmmY=5

mmmmB=5

Wq=12.5 minutesWq=22 minutes

Assuming maximal variation in arrivals.  
Service time standard deviation reduced by half.

mmmmY=6

mmmmB=6
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Patient Segmentation in Queuing Networks

� How can it make things better?  
3. If segments are radicallydifferent.

S1
S2

S1

S2

lll l Y=1

lll l B=10

mmmmY=1.1

mmmmB=11

Wq=49 minutesWq=70 minutes

Assuming no service time variation.

WY=270 minutes

WB=27 minutes
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Scorecard

Allows smaller, focused 
operations

Great for maintaining 
inventory discipline and thus 
low flowtimes

Provides low flow times and 
low inventory

Linear gains

Not much effect

Low Variation
(repetitive mfg)

Somewhat awkward in service 
environment with push trigger.  
Must be able to reduce variations 
significantly.

Pull system

Successful only in very special 
situations, otherwise can hurt 
throughput and cause waits

Reduce number of queues 
through 1-piece flow

Must be accompanied by process 
changes within the segments or 
it can be counterproductive

Segmentation

Good if servers are independent, 
problematic if servers tethered

Reduce number of queues 
through concurrency

Positive effect, must consider 
economics & “best use of skills”

Reduce number of queues 
through combining steps

High Variation
(healthcare)

Principle


