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INTRODUCTION

What is Lean Production?

Lean production can be traced to the 1960s 
in Japan, when Toyota Motors started 
innovating changes in mass production to 
deal with its domestic automotive market.  

The term itself was coined by MIT 
researchers to describe the collection of 
efficiency improvements that Toyota Motors 
undertook to survive in the Japanese 
automobile business after World War II 

What is Lean Production?

Lean production is a term that embraces 

many topics such as flexible manufacturing, 

minimizing work-in-process, "pull" systems of 

production control, and setup time reduction.

The term "lean production" was coined 

around 1989 with the popularity of the book, 

The Machine that Changed the World.

What is Lean Production?

Two of the authors of The Machine that 

Changed the World (Womack and 

Jones) define lean as doing "more and 

more with less and less-less human 

effort, less equipment, less time, and 

less space-while coming closer and 

closer to providing customers with 

exactly what they want"

What is Lean Production?

According to another author of The 

Machine that Changed the World, lean 

production is based on four principles:

1. minimize waste

2. perfect first-time quality

3. flexible production lines

4. continuous improvement
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Lean Thinking roots in the Toyota 

Philosophy

Doing it all for the 

Customer

Leveled production

Pull system

Continuous-flow 

production

Takt time

Multi-skilling

TQM (6 s)

TPM

Poka Yoke

SPC

Standardized work

Kaizen

Waste in Operations

(1) Waste from overproduction

(2) Waste of waiting time

(3) Transportation waste

(4) Inventory waste

(5) Processing waste

(6) Waste of motion

(7) Waste from product defects 

Tools of Lean Production

Lean Production
Through Waste Elimination

Operational Stability

JIT
Quality

at the

Source

6s

People

What is Total Productive 

Maintenance ( TPM )?

Total Productive Maintenance (TPM) is a 

maintenance program which involves a 

newly defined concept for maintaining 

plants and equipment. The goal of the 

TPM program is to markedly increase 

production while, at the same time, 

increasing employee morale and job 

satisfaction. Total = Everyone

Productive = No Waste

Maintenance = As new
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Pillars of TPM SMED

SMED Principles

1. Separate internal setup from external 

setup

2. Convert internal setup to external setup

3. Streamline all aspects of setup

4. Perform setup activities in parallel or  

eliminate them entirely

Based on information from Russell/Taylor  Oper Mgt 3/e

Reducing Setup Time

• Preset desired settings

• Use quick fasteners

• Use locator pins

• Prevent misalignments

• Eliminate tools

• Make movements easier

Based on information from Russell/Taylor  Oper Mgt 3/e

Poka-Yoke
3.5 inch diskette cannot be inserted unless 

diskette is oriented correctly. This is as far as 

a disk can be inserted upside-down.

The beveled corner of the diskette pushes a 

stop in the disk drive out of the way allowing 

the diskette to be inserted. This feature, along 

with the fact that the diskette is not square, 

prohibit incorrect orientation. 

From http://csob.berry.edu/faculty/jgrout/everyday.html

Poka-Yoke
File cabinets can fall over if too many 

drawers are pulled out

For some file cabinets, opening one drawer 

locks all the rest, reducing the chance of the 

file cabinet tipping. 

From http://csob.berry.edu/faculty/jgrout/everyday.html
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Poka-Yoke
Automobile controls have a mistake-proofing 

device to insure that the key is in the on 

position before allowing the driver to shift out 

of park. The keys cannot be removed until 

the car is in park. 

Filling pipe insert keeps larger, leaded-fuel 

nozzle from being inserted 

gas cap tether does not allow the motorist to 

drive off without the cap 

gas cap is fitted with ratchet to signal proper 

tightness and prevent over-tightening. 

From http://csob.berry.edu/faculty/jgrout/everyday.html

Poka-Yoke
Electronic door locks can have three 

mistake-proofing devices: 

insures that no door is left unlocked. 

doors automatically lock when the car 

exceeds 18 miles an hour. 

lock won't operate when door is open and the 

engine is running. 

Even bathroom sinks have a mistake-proofing 

device. It is the little hole near the top of the 

sink that helps prevent overflows. 

From http://csob.berry.edu/faculty/jgrout/everyday.html

Poka-Yoke
This iron turns off automatically when it is left 

unattended or when it is returned to its holder

The dryer stops operating when the door is 

opened, which prevents injuries.

From http://csob.berry.edu/faculty/jgrout/everyday.html

Poka-Yoke

This wall mounted hair dryer has two slots on 

either side of the switch. (One slot is partially 

covered by my thumb.) The bracket on the 

wall has two pointed prongs that go through 

the two slots and turn the dryer off if the user 

neglected to do so. 

The sink is fitted with light sensors. These 

sensors insure that the water is turned off in 

the sink (a urinal is flushed).

From http://csob.berry.edu/faculty/jgrout/everyday.html

Material Handling for 

Lean Production

Six Sigma/24
Gaafar 2007

MATERIAL HANDLING (MH)

• Twenty principles of MH

• Selecting MH methods

• Simplifying /eliminating MH

• Simple analysis techniques
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Material Handling

• MH adds COST, but not VALUE.

– as much as 60% of total production cost

– 20%-30% of direct labor costs

– 50%-70% of indirect labor costs

• What’s the best way to handle materials?

DON’T!!

• Goal: MINIMIZE MH COSTS 

The Twenty Principles of Material Handling

1. Orientation Principle: Study system relationships 
before preliminary planning to identify existing 
methods/problems, physical/economic constraints, 
and establish future requirements/ goals.

2. Planning Principle: Establish a plan for basic 
requirements, desirable options, and consideration of 
contingencies for all MH/storage activities.

3. Systems Principle: Integrate those handling/storage 
activities - economically viable- into a coordinated  
operations: receiving, inspection, storage, production, 
assembly, packaging, warehousing, shipping 
/transportation.

The Twenty Principles of Material Handling

4. Unit Load Principle:  as large a unit load as practical.

5. Space Utilization Principle: effective space utilization.

6. Standardization Principle: Standardize handling methods 

and equipment if possible.

7. Ergonomic Principle: Recognize human capabilities and 

limitations by designing MH equipment and procedures 

for effective interaction with system users.

8. Energy Principle: Include energy consumption of the MH 

systems and procedures when making comparisons or 

preparing economic justification.

The Twenty Principles of Material Handling

9. Ecology Principle: Minimize adverse affects on  

environment in selecting MH equipment/methods.

10.Mechanization Principle: Mechanize handling 

process where feasible to increase efficiency/ 

economy in MH.

11.Flexibility Principle: Use methods/equipment which 

can perform a variety of tasks under a variety of 

operating conditions.

12.Simplification Principle: Simplify handling by 

eliminating, reducing, or combining unnecessary 

movements and/or equipment.

The Twenty Principles of Material Handling

13.Gravity Principle: Utilize gravity to move material 

wherever possible, while respecting limitations 

concerning safety, product damage and loss.

14.Safety Principle: Provide safe MH equipment and 

methods which follow existing safety codes and 

regulations in addition to gained experience.

15.Computerization Principle: Consider computerization in 

MH & S systems, when circumstances warrant, for 

improved material/information control.

16.System Flow Principle: Integrate data flow with  physical 

material flow in handling and storage.

The Twenty Principles of Material Handling

17.Layout Principle: Prepare an operational sequence 

and equipment layout for all viable system solutions, 

then select the alternative system which best 

integrates efficiency and effectiveness.

18.Cost Principle: Compare the economic justification 

of alternate solutions in equipment and methods on 

the basis of economic effectiveness as measured by 

expense per unit handled.
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The Twenty Principles of Material Handling

19.Maintenance Principle: Prepare a plan for PM and 

scheduled repairs on all material handling equipment.

20.Obsolescence Principle: Prepare long range/ 

economically sound policy for replacement of obsolete 

equipment/methods with special consideration to life 

cycle costs.

Source: http://www.isixsigma.com/library/content/c030721a.asp

Lean Six Sigma
 Specify value in the eyes of the customer

 Identify value stream; eliminate waste and
variation

Make value flow at pull of the customer

 Involve, Align & Empower Employees

 Continuously improve knowledge in pursuit
of  perfection

Lean Six Sigma Principles

Lean Sigma Process Improvement Cycle

UCL

LCL

Avg

BUSINESS 

UNIT  

SCORECARDUCL

LCL

Avg

VOICE OF 

CUSTOMER

Gap Identified

STRATEGIC

PLAN

BUSINESS

OBJECTIVES

BUSINESS

MEASURES

VALUE STREAM

PROCESS FLOW

PROCESS 

MEASURES

P
R

O
C

E
S

S
  

S
C

O
R

E
C

A
R

D

Y'sX's

Tools &

Methodology

Better

Faster

Financials

Deployment IPO

PROCESS

Lean Sigma
Deployment

Projects Completed (%)

Cycle Time (months)

ROI ($MM/year)

Expert/ Specialist Selection

Project Selection

Accountability

Training / Mentoring

Motivation / Reward

Leadership Team

Executive Ownership

Recognition (copied)

Champion Involvement

Customer Satisfaction (1-5)
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Six Sigma

Better
Material Type

Amount of A

Temperature

Design Type

SOPs

Cell Layout Design

Piece Flow

Manpower

Setup SOPs

Maintenance SOPs

Cell Cleanliness

Supplier

Lean

S Yield

Cost

Time

y

CODN (Finance)

Team Dynamics

Turnover Rate

Communication

In-

Process
Storag

e
Results

Driven IPO 

Diagram

• Lean, pioneered by Toyota, 

focuses on the efficient 

operation of the entire value 

chain.

• Focus areas: 

– Remove non-value added 

steps to:

• Reduce cycle time 

• Improve quality

– Align production with 

demand.

– Reduce inventory. 

– Improve process safety and 

efficiency.

• Six Sigma, developed by 

Motorola, made famous by GE, 

it can be defined as a:

– Measure of process 

capability

– Set of tools

– Disciplined methodology

– Vision for quality

– Philosophy

– Strategy

Lean Sigma is a combination of two powerful and proven process 
improvement methods Lean and Six Sigma, that builds on 

existing organization capability in quality, statistics, and project 
execution.

What is Lean and Six Sigma?

Lean Sigma: A Set of Tools

Map the process to

determine where

defects are being 

created

RISK PRIORITY NUMBER (RPN) =

SEVERITY X 0CCURRENCEX ESCAPED DETECTION

5               4              3              2              1

Severe           High         Moderate        Minor       Negligible 

Occurrence     Very High        High         Moderate         Low        Very Low
(OCC)

Severity
(SEV)

Escaped          Very High        High         Moderate        Low         Very Low
Detection

(DET)

Category
Score

Document failure modes

for products and processes

to identify defects' root cause

ŝ = s̄ +


A
2
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B
2

B +


AB
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Run
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
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
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y

Designed experiments to

make process robust to

variation

Use control charts to 

understand & identify 

common & special 

causes

Item

Operator 1 Operator 3

Test 1 Test 2 Test 1

Operator 2

Test 1 Test 2 Test 2

1

2

3

4

5

6

7

8

9

1
0

Glass Inspection Test

Measurement System Analysis

Verify assessment/

measurement systems

• Sponsored and directed by 

leadership

• Aligned with business 

objectives and tactics

• Focused on delivering 

business results

• Track record for delivering 

business results

• Disciplined and systematic 

execution  process 

• Brings in new tools to most 

companies – DOE, 

hypothesis testing,  FMEA, 

Kanbans, PokaYoke

How is Lean Sigma different and similar to 

past quality and statistical efforts?

• Uses many tools already  

familiar to many people –

fishbone, process flow, 

SPC, brainstorming

• Aligned with quality efforts 

• Uses a logical problem 

solving approach that will 

not be new to some

• Aligned with past quality 

and reliability efforts –

TQM, Baldrige, Deming

Focus Area of Lean and Six Sigma

Lean:

• Reduction of the “7 hidden wastes” or 
non-value added activities to reduce cycle 
time.

Six Sigma:

• Reduction of variability to improve 
quality.

Both Lean and Six Sigma Tie 
Improvements to $$$ 

Overlap of Lean and Six Sigma Tools

• PF
• Scorecard
• SOP
• Mistake 

Proofing
• $$$

Cycle Time Reduction Variance Reduction

JIT
Quick
Changeovers
Single Piece

Flow

Mapping
Logical
Physical
Time

5Ss
Visual
Controls

IPO
CE
CNX

FMEA
MSA

Testing
Correlations
Hypothesis
DOE

Lean Six Sigma
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Combining Lean and Six Sigma 
Maximizes the Potential Benefits

Overall Yield as a Function of Sigma Level & Process Steps

No. of Parts or 

Process Steps +/- 3 +/- 4 +/- 5 +/- 6
1                         93.32% 99.379% 99.9767% 99.99966%

5                         70.8% 96.9% 99.884% 99.998%

10                      50.1% 94.0% 99.767% 99.997%

50                      3.2% 73.2% 98.84% 99.983%

100                    0.1% 53.6% 97.70% 99.966%

500                    0.0% 4.4% 89.0% 99.8%

1,000                 0.2% 79.2% 99.7%

5,000                 0.0% 31.2% 98.3%

10,000               9.7% 96.7%

50,000               0.0% 84.4%

100,000            71.2%

500,000            18.3%

1,000,000         3.3%

Sigma Level

Six Sigma – Improve Quality

+4s +5s +6s+1s +2s +3s-2s -1s-4s -3s-6s -5s 0

WASTE

Determined by 

the customer

Lower 

Specification

Limit

Upper 

Specification

Limit

Determined by 

the customer

3 s Process

3 s Process Centered

• We make more than

customer needs because

some of what we make

is waste

• Process is WIDER than

the specifications

Sigma Capability
The number of Sigmas between the center of a process and the nearest 

specification limit

+4s+5s+6s+1s+2s+3s-2s -1s-4s -3s-6s -5s 0

6 s Process

6 s Process Centered

• We make as much as

the customer needs 

and have very little

waste

• Process FITS within

the specifications

3 s Process has 66,807

dpm vs 3.4 from a 6 s

process

The First Step is Process Knowledge

Return on Investment

The 1st Step is Process Knowledge

Process Improvement

Long Term Success

80 Percent of the Gain with
20 Percent of the Complexity

Most of the 

improvement is 

possible with 

the basic 

quality and 

statistical tools. 

Tool Complexity

Im
p
ro

v
em

en
t

80%

20%

Sustained Improvements without 
Capital Dollars

•Sustainable Results

•Process improvements from Lean Sigma Projects   

are sustained.

•Typically, results are audited at 4 and 12 months 

after implementing changes.

•Not Capital Driven

•Lean Sigma projects are NOT Capital driven.

•Most improvements are made by changes in the 

SOP.

Lean Six Sigma Roadmap
DMAIC Strategy

• Define

– Identify and Prioritize Opportunities

– Select Your Project

– Define the Goals and Objectives

– Form Cross functional Team

– Understand Customer Requirements

• Measure

– Define and Analyze the Current Process

– Assess the Capability of the Measurement 
Process

– Assess the Current Capability of the Process

– Variance Reduction
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DMAIC Cont.

• Analyze

– Identify the Key Input Variables

– Discover the Relationship between the Inputs and 

Outputs

– Identify the Root Causes of the Problems

• Improve

– Identify and Test the Proposed Solutions

– Re-assess Capability

– Implement Solution

• Control

– Document Results and Return on Investment

– Take Actions to Hold the Gains

– Celebrate and Communicate

What is Lean Six Sigma?

How does it apply in Healthcare?

CASE STUDY :

Lean Six Sigma Presentation

• Introduction

• What is Lean and Six Sigma?

• „Toast Kaizen‟ video

• Examples of LSS in SSFHS

• Lean Six Sigma in Healthcare

St. Elizabeth Regional Health

• St. Elizabeth Medical Center
– Opened in 1876

– 183 Beds

– Facility includes comprehensive patient care 

facilities and the only hospital-based nursing 

school in the state

• Home Hospital
– Opened in 1869

– 365 Beds

– Facilities include education, rehabilitation, 

ambulatory surgery and patient care centers 

• St. Elizabeth and Home Hospital merged in 1998 to form St. 

Elizabeth Regional Health (2,600 employees)

• Currently building a new 150 bed facility to open in Fall 2009

Insert map of all of 

our locations
Franciscan 

Physicians 

Hospital

Munster

Corporate Office

Mishawaka

What the organization wants

• Smooth operations

• Ensure patient safety

• Provide quality care

• Effective patient treatment

• Utilized staff and resources

What that leads to:

• Available and prompt care

• Better patient outcomes

• Increased patient satisfaction

• Improved financial viability

• Improved patient throughput

• Improved publicly reported 

information

• Higher employee involvement 

and satisfaction

• Reduced LOS
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What do our Patients need?

• Favorable patient outcomes

• Patient safety

• Implement new procedures and capabilities

• Slow rising healthcare costs

The pressure on Healthcare

• Improving patient care

• Controlling costs

• Government regulations

• Increasing competition

• Implement new procedures and capabilities

• Treatment reimbursement rates are capped based on diagnosis

• Number of uninsured

• Growth in the number of people age 65 and older

• Healthcare costs continue to rise.

• New technologies are “Expensive” and adoption in question.

• Staff shortages in some areas continue to drive up costs.

• “Report Cards” on providers – quality, cost, number of procedures

What is Lean?

What is Six Sigma?

Lean Six Sigma Basics 

The Hospital as a System:

All work is a process . . . 

this is true of a hospital too!

Suppliers
Hospital

Processes
Patients

feedback

feedback

informationinformation

What is Lean?

• Originated within Toyota in 1950‟s

• Its use focuses on elimination of Waste

• Enhancing „Value-Added‟ operations

• A method to reduce complexity and 

improve process flow

LSS in Healthcare

• Includes a variety of improvement tools:

– 7 kinds of waste

– Flowcharting or process mapping

– 5S

– Changeover reduction

– Constraint Management

– Rapid Improvement Events

– Quick and Easy Kaizen

– Gemba or Genchi Genbutsu

Value
Value

Stream
Flow Pull Perfection
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What is Six Sigma?

• Motorola is credited developing Six Sigma 

around 1985

• Use focuses on reducing process variation

Step One

Step Two

Step Three

Lean Six Sigma

Value added 

transformations 

occur within the 

process steps

Material and information 

flow between process 

steps

Sources of Variation

= + + ++ + …

Y= f(X1, X2, X3, …)

Why Six Sigma level performance?

Why 99% isn‟t good enough
Example 99% Good

(3.8 Sigma)

99.99966% Good

(6 Sigma)

Unsafe drinking water per day

Electricity power failure per month (30 days)

Severe turbulence on a 6 hour flight

Impurities in a kg of raw material

Losses per $1,000,000 worth of business

Man days lost per 10,000 employees

14.4 minutes

7.2 hours

3.6 minutes

10 grams

$10,000

100 man days

0.3 seconds

8.8 seconds

0.1 second

0.0034 grams

$3.40

480 minutes

99% just isn‟t good enough

By applying Six Sigma tools:

To reduce variation

How do we do it?

Hypothesis testing Regression

CTQ Tree

Design of Experiments

VOC

Recognize 
the problem 
exists

Form Quality 
Improvement 
Teams

Define the 
Problem

Develop 
Performance
Measures

Analyze 
problem/
process

Determine 
Root Cause

Select and 
Implement
Solution

Evaluate 
Solution

Ensure 
Permanence

Continuous
Improvement

PDCA

Define

Measure

Analyze

Improve

Control

Six Sigma

Recognize 
the problem 
exists

Form Quality 
Improvement 
Teams

Define the 
Problem

Develop 
Performance
Measures

Analyze 
problem/
process

Determine 
Root Cause

Select and 
Implement
Solution

Evaluate 
Solution

Ensure 
Permanence

Continuous
Improvement

PDCA

Define

Measure

Analyze

Improve

Control

Six Sigma

SIPOC
Project Charter

Voice of the Customer
Process Map

Measurement Plan
FMEA

Ishikawa Diagram
Statistical Process Control
Capacity Analysis
Pareto Analysis

Lean Process Design
FMEA
Correlation Studies
Statistical Process Control
Design of Experiments
Simulation Techniques

Daily Control Plan
Statistical Process 
Control
Simulation 
Techniques

Systems Analysis Framework…

Correlation of KP variables
Confidence intervals

Hypothesis testing
Regression analysis
ANOVA

Outline Step 1: DEFINE

Goal
– Define the project‟s 

purpose and scope and 
get background on the 
process and customer

Output
– A clear statement of the 

intended improvement 
and how it is to be 
measured

– A high level process map

– A list of what is important 
to customer

4
IMPROVE

3
ANALYZE

2
MEASURE

5
CONTROL

1
DEFINE
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Outline Step 2: MEASURE

Goal
– Focus the improvement 

effort by gathering 
information on the 
current situation

Output
– Baseline data on 

current process 
performance

– Data that pinpoints 
problem location or 
occurrence

– A more focused 
problem statement

4
IMPROVE

3
ANALYZE

2
MEASURE

5
CONTROL

1
DEFINE

Outline Step 3: ANALYZE

Ask
– What vital few process and 

input variables affect CTQ 
process performance or 
output measures?

Goal
– Develop theories of root 

causes

– Confirm them with data

Output
– A theory that has been 

tested and confirmed

4
IMPROVE

2
MEASURE

1
DEFINE

5
CONTROL

3
ANALYZE

Outline Step 4: IMPROVE

Goal
– Develop, try out, 

and implement 

solutions that address 

root causes

Output
– Planned, tested 

actions that should 

eliminate or reduce 

the impact of the 

identified root causes

FMEA
4

IMPROVE

3
ANALYZE

2
MEASURE

5
CONTROL

1
DEFINE

Outline Step 5: CONTROL

Goal
– Use data to evaluate both 

the solutions and the plans

– Maintain the gains by 
standardizing processes

– Outline next steps for on-
going improvement including 
opportunities for replication

Output

– Before and After analysis

– Monitoring system

– Completed documentation of 
results, learning's, and 
recommendations

4
IMPROVE

3
ANALYZE

2
MEASURE

5
CONTROL

1
DEFINE

Lean Six Sigma in Healthcare

Combining the Quality

of Six Sigma with the 

Process Speed of 

Lean to drive 

improvement and 

achieve the best 

competitive position

1
DEFINE

2

D
O

E

D
a
ta

 A
n

a
ly

s
is

3
ANALYZE

Solutions

FMEA

Pilot

Im
ple

m
enta

tio
n

4
IMPROVE

C
o

n
tro

l

S
tan

d
ard

ize

D
ocu

m
en

t

M
onitorEvaluate

Closure
5

CONTROL

MEASURE

VOC

S
IP

O
CP
ro

je
c
t

C
h

a
rt

e
r

LSS Challenges

• This is not industry, we‟re not Toyota, and 

we‟re not making parts

• We‟re too busy to do this

• Healthcare is very much silo driven
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Toast Kaizen Video

7 Kinds of Waste

Inventory - unneeded stock or supplies

Motion - movement of staff and information

Overproduction - unnecessary tests

Overprocessing - filling out extra paperwork

Transportation -movement of patients or equipment

Rework/Correction - paperwork, med errors

Waiting - delays in diagnosis and treatment

Lean Six Sigma Project 

Examples

CT and 7 Kinds of Waste

Inventory
Set up tray for unneeded 
procedures

Expired IR stock

Wasted contrast

Motion

Transporting patients

Walking between procedure room 
and control room

Getting onto computer

Overproduction
Supplies/tray

Protocols

Making contrast and Patient 
consumption of contrast

Overprocessing
Paperwork

Films vs. disk

Multiple systems - RIS, PACS,etc

Transportation
Patients

Ordering syringes and having extra boxes to 
store

Taking oral contrast to the floor

IV lock

Rework/Correction
Duplicate work

Phone calls to communicate with 
departments or units

Waiting
On Toshiba scanner

Waiting on ED patients to be ready

On oral contrast

5S Workplace Organization

Before 5S

S1: Sort
(Seiri)

Needed

Create Visual Workplace

- S2: Set In Order (Seiton)

- S3: Shine (Seiso)

- S4: Simplify & standardize

(Sieketsu)(Red Tagged)

Remove from

Workplace

Discard after

a defined time

Not Needed

After 5S

-S5: Sustain (Shitsuke)

A place for everything and everything in its place

3PCW Nurses station before 5S
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Sort and Set in Order
Shine (Clean)

After - Sustain

Before After

Storeroom before & after color coding

Rehab Standard Room Layout

Standardized room layout will 

aid staff as they care for 

patients and reduce room 

turnaround time

Door to Balloon RIE
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Project Example – Door to Balloon

• Define

Project goals:

Achieve Door to TIMI 3 perfusion time of 

less than 90 minutes for all patients

Project scope:

Start – Patient arrival at St. Elizabeth 

Stop – Establishment of TIMI 3 Flow

Includes – ST elevated, non-transferred, primary PCI

Excludes – All other cases

Project Example – Door to Balloon

• Measure

Door to Balloon Time - St. Elizabeth Campus

3rd Qtr. 2006 - 1st Qtr. 2007

0

50

100

150

200

250

7/1/2006 8/1/2006 9/1/2006 10/1/2006 11/1/2006 12/1/2006 1/1/2007 2/1/2007 3/1/2007 4/1/2007

Date

M
in

u
te

s

Door to Balloon time

Goal of 90 min.

Average time of 112 min

Not utilizing

pre-hospital EKG

Who gets the pt.

info to registration

Variation of Cardiologist

meds and x-ray

Who gets the labs

drawn and to Lab
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Door to Balloon Project

Analyze Phase Project Example – Door to Balloon

• Analyze

The D2B Alliance has developed six strategies to reduce 

door-to-balloon times:

1. Have attending Interventional Cardiologist always on-site

2. Have ED and Cath Lab staff use real-time data feedback

3. Have ED activate the Cath Lab while the patient is still en route to 

the hospital

4. Cath Lab team arrive and be ready to start procedure in 20 minutes

5. ER medicine Physician activates the Cath Lab

6. A single call to a central page operator activates the Cath Lab and 

Interventional Cardiologist

Strategy 2:
Have ED and Cath Lab staff use real-time data 

feedback

• Benefit
– 8.6 minutes faster door-to-balloon time

• What it will take to implement
– Modify Chest pain and Quality records

– Copy of the completed form to the Cath Lab Director

• Barriers to implementation
– Staff education

– Compliance

– Trust and teamwork between all staff

– Legibility of information on the form

Project Example – Door to Balloon

• Improve
12-lead from Ambulance

i-Stat test

Paging system

Revised P & P

Staff training

ED treatment plan

STEMI Flowchart
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Project Example – Door to Balloon

• Control

Door to Balloon Time - St. Elizabeth Campus

July 2006 - February 2008

132

110

125

102
109

97

119
110

96
84

123
118

101

87

75 78

103

78
73

108

0

25

50

75

100

125

150

Ju
ly

A
ug

us
t

S
ep

te
m

be
r

O
ct

ob
er

N
ov

em
be

r

D
ec

em
be

r

Ja
nu

ar
y

F
eb

ru
ar

y

M
ar

ch

A
pr

il

M
ay

Ju
ne

Ju
ly

A
ug

us
t

S
ep

te
m

be
r

O
ct

ob
er

N
ov

em
be

r

D
ec

em
be

r

Ja
nu

ar
y

F
eb

ru
ar

y

(7) (8) (9) (7) (3) (5) (5) (1) (8) (3) (3) (7) (7) (4) (4) (6) (5) (8) (3) (5)

2006 2007 2008

Month
* number in brackets indicates the number of cases for that month

M
in

u
te

s

Door to Balloon time

Goal of 90 min.

RIE

Conducted

Surgery room changeover reduction

Home Hospital ED Patient Triage & Registration Lean Six Sigma-Lab Specimen Labeling

Start IV with cath

Manually label

specimen on bag

Collect specimen

Assess patient

If unidentified

patient - write bed

number on bag

(HH) Put blood in

collection basket

with bed

(SE)

Put blood into central

blood basket

Transfer patient to

bed

Take patient to ER

Put blood with

patient

Write pt name,

date, & time, and

initial on the bag

Put tubes in bag

Blood in tubes

Put needle on

syringe

Use syringe to

draw blood

Collect specimen
Labels printed or

L100 used

WS enter order

into computer

Receive Doctors

order

Put specimen in

basket

Nurse/Tech tubes

specimen to lab

Specimen goes

into bag with extra

labels

Nurse places label

on specimen

WS places labels

on chart

End

Start Start

Patient arrives via

Ambulance

Patient arrives via other

method

A M

N

O

P

R

Q

U

V

W

K

X

J

I

H

G

F

E

D

C

B

L

S T

Process Step

Potential Failure Modes

Potential Effect(s)

S
E

V

O
C

C

D
E

T

R
P

N

Recommended 

Solution(s)

S
E

V

O
C

C

D
E

T

R
P

N

Responsibility & 

Target Date

N.1Missing Specimen Delay in testing 3 3 1 9 0

Redraw specimen 6 3 1 18 0

Pt. dissatisfaction 8 3 1 24 0

No test results 8 3 1 24 0

N.2 Submitted unlabeled Delay in testing 3 6 1 18 0

Redraw specimen 6 6 1 36 0

No test results 8 6 3 144 0

Consuming resources/lab 6 6 1 36 0

Pt. dissatisfaction 8 3 1 24 0

N.3 Submitted mislabeled Delay in testing 6 6 8 288 0

Redraw specimen 8 6 8 384 0

Consuming resources/lab 8 6 8 384 0

Pt. dissatisfaction 8 3 1 24 0

Wrong results on wrong pt. 10 6 8 480 0

O.1 Wrong name Results would be wrong for 

that patient

8 3 6 144 0

Confused with another patient 8 3 6 144 0

Delay in testing 8 3 1 24 0

O.2 Misspelled name Delay in testing 8 3 1 24 0

0 0 0 0 0

O.3 Step omitted Wrong patient name 8 3 6 144 0

Patient having to be redrawn 3 3 1 9 0

Sample sent to lab unlabeled 8 3 1 24 0

Delay in testing 8 3 1 24 0

O.4 Illegible handwriting Patient having to be redrawn 3 3 1 9 0

Wrong patient name 8 3 6 144 0

Delay in testing 8 3 1 24 0

O.5 Missing some information 

like name, time, etc.

Patient having to be redrawn 3 3 1 9 0

Wrong patient name 8 3 6 144 0

Delay in testing 8 3 1 24 0

N. Collect specimen

O. Manually label specimen on bag/specimen

Process Flowchart Failure Mode and Effects Analysis

Lean Six Sigma in Healthcare

What is a Lean Hospital?

It all works together without waste

Physicians

Cath Lab

Surgery

Housekeeping

ED

Radiology

Lab

HIM

Staff
L&D

Pharmacy

Materials Management

Food Service

Nursing Units
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Lean Hospital – More specifically

Working to eliminate waste through:

• Goals and measures leading to accountability and 

driving improvement

• Areas organized and arranged

• Trained and empowered staff

• Smooth and consistent processes working in unison

• Problem solving and proactive failure mode analysis

• Working to promote the value stream (service line) 

instead of silos

• Getting everyone involved

Application of Lean Six Sigma

Can be used with:

• Dashboard or Scorecard metrics

• Quality measures

• Departmental operation

• Financial measures

Leading to:

• Improved patient care, safety, and satisfaction

• Improved quality

• Increased revenue and reimbursement

• Better employee satisfaction

• Improved capacity for patient flow

Additional Information on LSS

• www.isixsigma.com

• American Society for Quality (www.asq.org)

• Books:

– What is Lean Six Sigma? George, Rowlands, and Kastle

– The Six Sigma Way Fieldbook Pande, Newman, & Cavanagh

• Lean Six Sigma hospital systems:

– Virginia Mason ïSeattle, WA

– ThedaCare ïAppleton, WI

• IUPUI – Laboratory for Enterprise Excellence

• Toast Kaizen video, Bruce Hamilton, GBMP

http://www.isixsigma.com/
http://www.asq.org/

