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Initial Reliability Design Strategy

• Prevent initial failure using intent and 
standardization

• Identify defects (using redundancy) and 
mitigate 

• Measure and then communicate learning 
from defects back into the design process
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Peri-Operative Care 
How Safe And Reliable?

• Correct antibiotic 93%
• On time antibiotics 56% 
• Discontinue in 24 hours 41% 
• Overall Probability of 21%

Arch Surg. 2005;140:174-182
It is based on the 2002 US national survey
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Peri-Operative Care 
How Safe And Reliable?

• Not using a razor? 70%? Overall 15%
• Normothermia? 70%? Overall 10%
• Peri-operative Beta blockade 70% 

Overall 7%
• DVT prevention ? 70% Overall 5%
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Anyone Like To Talk About Post 
Operative Care?

• Hand washing
• Pain management
• The answer is that the chance of any 

patient getting optimal care is virtually 0
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An Example Of One 
Hospital’s Work
Surgical Site Infection Prophylaxis
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“Reliability is failure free operation 
over time.” David Garvin 

Harvard Business School

“When applied to clinical processes 
consider the viewpoint of the patient 
by invoking the all or none measure.”

IHI Innovation Team

Outpatient 
Care 

Hospital Interaction

ED-Direct Admit-Inpt Unit 
Procedure, test etc

Unit 

Outpatient 
Care

Years/Months
/Days

Days Years/Months/
Days

Hospital Care

Defect free care over time from the patient’s viewpoint 
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Starting Labels of Reliability
• Unstable process : 3 or more  failures out of 10 

opportunities 

• 10-1:  1 or 2 failures out of 10 opportunities 

• 10-2:  5 failures or less out of 100 opportunities

• 10-3:  5 failures or less out of 1000 opportunities

• 10-4:  5 failures or less out of 10000 opportunities

• (These are IHI definitions and are not meant to be 
the true mathematical equivalent)    
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Design for Non Catastrophic 
Processes

• Definition: Failure of the process does not lead 
to death or severe injury within hours of the 
failure

• 10-1 performance or worse is most commonly 
seen in these processes (hand-washing as an 
example)

• Poor outcomes do not occur with each defect 
due to either to biologic or system resilience.  
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Reasons for the Reliability Gap In 
Healthcare

• Current Improvement methods in healthcare are 
highly dependent on vigilance and hard work

• Permissive clinical autonomy creates and allows 
wide performance margins 

• The use of deliberate designs to achieve 
articulated reliability goals seldom occurs

Improvement Concepts Associated with 10-1

Performance

(Primarily can be described as intent, vigilance, and hard 
work)

� Common equipment, standard order sheets, multiple choice protocols, 
and written policies/procedures  

� Personal check lists

� Feedback of information on compliance

� Suggestions of working harder next time

� Awareness and training
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Improvement Concepts Associated 
with 10-2 Performance 
(Uses human factors and reliability science to design sophisticated 
failure prevention, failure identification, and mitigation) 

� Decision aids and reminders built into the system

� Desired action the default (based on scientific evidence)

� Redundant processes utilized 

� Scheduling used in design development

� Habits and patterns know and taken advantage of in the 
design

� Standardization of process based on clear specification and 
articulation is the norm

14

Key Learning Points

• Hard work and vigilance although 
commendable is not a good design principle 

• If 10-2 change concepts do not make up at 
least 25% of the improvement effort on a given 
project require the team to rethink the design
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Reasons for the Reliability Gap In 
Healthcare

• Current Improvement methods in healthcare are 
highly dependent on vigilance and hard work

• Permissive clinical autonomy creates and allows 
wide performance margins

• The use of deliberate designs to achieve 
articulated reliability goals seldom occurs
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Health Care Processes 
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René Amalberti:  Premises

• “Unconstrained” human performance 
(guided by personal discretion, only) is 
worse than 10-2

• Constrained human performance can 
reach 10-2  

18

Key Learning Point

• A single standardized process within the 
acceptable science is superior to allowing 
multiple processes while we decide which 
is the best because it allows testing and 
training 
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Reasons for the Reliability Gap In 
Healthcare

• Current Improvement methods in healthcare are 
highly dependent on vigilance and hard work

• Permissive clinical autonomy creates and allows 
wide performance margins 

• The use of deliberate designs to achieve 
articulated reliability goals seldom occurs
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The Reliability Design Strategy

• Prevent initial failure using intent and 
standardization

• Identify defects (using redundancy) and 
mitigate 

• Measure and then communicate learning 
from defects back into the design process
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The Three Step Design for 
Reliability

Prevent initial failure by standardizing the 

process to achieve 10-1 (step 1)

1-Identify the process to standardize

2-Segment the population to test the
design for anomalies

3-Use  both 10-1 and 10-2 concepts

StepsDesign Techniques

22

The Three Step Design for 
Reliability

Identify failures in step 1 and apply an 
action to achieve 10-1 for these failures  
(step 2)

1-Utilize a robust 10-2 concept to make 
visible failures from step 1 after step 1 has 
achieved 10-1 reliability 
2-Once the failure is identified, apply an 
action to mitigate the failure

Prevent initial failure by standardizing the 

process to achieve 10-1 (step 1)

1-Identify the process to standardize

2-Segment the population to test the
design for anomalies

3-Use  both 10-1 and 10-2 concepts

StepsDesign Techniques
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The Three Step Design for 
Reliability

In either step 1 and/or step 2 detect the 
failures, and use the knowledge from 
analysis of the failures to redesign (step 3)

1-Identify common failures

2-Develop a method to measure and study 
failures
3-Utilize knowledge of common failures to 
redesign either step 1 or step 2

Identify failures in step 1 and apply an 
action to achieve 10-1 for these failures  
(step 2)

1-Utilize a robust 10-2 concept to make 
visible failures from step 1 after step 1 has 
achieved 10-1 reliability 
2-Once the failure is identified, apply an 
action to mitigate the failure

Prevent initial failure by standardizing the 

process to achieve 10-1 (step 1)

1-Identify the process to standardize

2-Segment the population to test the
design for anomalies

3-Use  both 10-1 and 10-2 concepts

StepsDesign Techniques

24© 2006 PeaceHealth 

Pharmacy Redesign & Reliability

IV Sterile Compounding 
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Sacred Heart Medical Center 
Eugene, Oregon

432 Bed Regional Tertiary Medical 
Center and Level II Trauma Center

PeaceHealth

We are a system of hospitals, 
physician groups, and medical labs 
across the Pacific Northwest and 
Alaska

Committed to Exceptional Medicine and Compassionate Care

26© 2006 PeaceHealth 

Pharmacy Redesign & Reliability

Process Improvement
The Perception of Numbers
Confidence and Sample Size
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Sequence of Events

1. December 2004 – Infant received twenty-fold 
overdose of Vancomycin

2. Root Cause Analysis – December
3. Research for best practice-January
4. Rapid Process Improvement for a Zero-Defect 

process – January 
5. Analysis of IV compounding process – February
6. Implementation of recommendations

28© 2006 PeaceHealth 

Multi-faceted Project

1/1

Dec 1, 2004 Dec 1, 2005

2/1 3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/11/13 - 7/29 RPI recommendations implemented

1/13
RPI - Zero Defect

Pediatric IV Admixture
Process Redesign

1/27
Analysis of

SHMC IV room

2/1
Analysis presentation

to SE committee:
Jill determines

"imminent patient safety"
condition

2/2
Presentation to ET

2/10
IV room redesign

-Containers
-The IV room closed off
-Manufacturing cell hood
-Anteroom

4/7 - 4/20
Log SHMC

sterile compounding
reliability

2/15-16
Eric Kastanga
and MMI visit

2/22
IntelliFill IV robot

presentation

3/16
Annex temp

pharmacy discussion
starts

4/8
IntelliFill demo

in Portland

4/29
SHMC compounding
reliability presentation

to SE committee

7/14 - 8/31
Log Annex

sterile compounding
reliability

6/27
Annex temp

opens

7/29
Annex compounding
reliability presentation

to SE committee

8/25
SHMC IV room

redesign, after robot

3/10
Eric Kastanga

report

4/22
Mike presents

recommendations to Jill:
-Peds pharmacist
-Peds pharmacy location
-IntelliFill purchase

5/25 - 9/9
Peds staffing
determination

10/10
Peds pharmacy

opens

9/6
P&T presentation

9/26
MAQC &

Peds case conference
presentation

11/3
Board presentation7/11

IntelliFill robot
installed

7/28
Analysis of

SHMC IV room

7/1
AQL determination

of 10-4 target

6/30
Peds pharmacy

completed

9/9 - 10/3
Peds pharmacist

selection
2/10 - 3/25

PDCA IV room

12/12
SE occurs

8/30
RE occurs
at SHMC

10/7
OMA poster
presentation



High-Reliability Principles and Design   
Session C15

2006 National Forum on Quality Improvement in 
Health Care - December 12, 2006

John Whittington, Cyndi Cramblit, Harold Peters 15

29© 2006 PeaceHealth 

The Operational Safety Issues

The sentinel event was the result of an IV 
compounding error

At least one error noted every time we observed the IV 
room, approximately 1 in 100

Loose labels, loose drugs, unlabeled drugs

Interruptions
Crowded workspace
Unclean environment (not JCAHO compliant)

30© 2006 PeaceHealth 

The Operational Safety Issues
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Improvement Techniques

Multiple PDSA improvement cycles conducted over a 
two month period.

Labels, syringes, and vials containerized

The IV room closed off – access through door

Each IV hood designed as a lean manufacturing cell

Team-based reliability

32© 2006 PeaceHealth 

Improvement Techniques
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Improvement Techniques

34© 2006 PeaceHealth 

New IV Compounding Process Reliability

New IV compounding process measured for two 
weeks

1814 doses checked (avg. of 165/day)

18 defects identified (checking pharmacists logged 
volume and defects)
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18 defects in 1814 doses is 9.92´́́́ 10-3, ~10-2

But, the pharmacist review of the compounded product 
improves the reliability

� Human checking has failure rate of 10-1 at best

Total failure rate is 10-2 ´́́́ 10-1 = 10-3 (99.9%)

At 60,225 doses compounded per year, this implies 201 
defective doses per year would be delivered, or 1 every 6 
days

New IV Compounding Process Reliability

36© 2006 PeaceHealth 

IV Compounding Reliability

The original redesign goal was a failure rate of 10-2, 
with a hopeful stretch to 10-3, and we achieved it…

However the volume of production revealed:

10-3 (99.9%) reliability is not good enough
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How Good Can We Get?

Patient safety requires better than 10-3 reliability:

10-4 Implies one defective dose delivered to a patient       
every 61 days

10-5   Implies one defective dose delivered to a patient 
every 1.67 years

10-6 Is possible with robotics (1 every 17 years)

38© 2006 PeaceHealth 

New Prototype Compounding Facility

Process relocated to a new prototype compounding 
facility and reliability re-measured

Stats & first doses remained at the hospital



High-Reliability Principles and Design   
Session C15

2006 National Forum on Quality Improvement in 
Health Care - December 12, 2006

John Whittington, Cyndi Cramblit, Harold Peters 20

39© 2006 PeaceHealth 

New Prototype Compounding Facility

40© 2006 PeaceHealth 

New Prototype Compounding Facility

IV compounding measured for seven weeks
3173 doses checked (avg. of 91/day)

2 defects identified (checking pharmacists logged 
volume and defects)
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New Prototype Compounding Facility

2 defects in 3173 doses is 6.3´́́́ 10-4

Again, the pharmacist review of the compounded product 
improves the reliability

� Human checking has failure rate of 10-1 at best

Total failure rate is 10-4 ´́́́ 10-1 = 6.3´́́́ 10-5 (99.994%)

At 33,215 doses compounded per year, this implies 2.1 
defective doses per year would be delivered, or 1 every 175 
days

42© 2006 PeaceHealth 

IV Sterile Compounding Reliability

3173

2

1814
18

Volume logged

Defects logged

966

Mean Time Between 
Failure

Days between defective 
doses (same volume)

6.3´́́́ 10-5

99.994%

9.92´́́́ 10-4

99.90%
Measured reliability

July
Compounding Facility

April 
Hospital
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IV Tech Compounding Reliabilitiy
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Annex 
Cumulative IHI Reliability
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Cumulative IHI Reliability

Annex 
10-2 power of the test
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10-2 power of the test

Annex 
10-3 power of the test
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IV Compounding Reliability
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Why The Improvement?
Response – % improvementProblem

Hospital: be more careful – 25%

Facility: highly trained and dedicated, improved 
safety culture, process ownership, teamwork – 100%

5.      Pharmacy identified issue
Culture of safety – staff 

Hospital: 5S – 50%

Facility: USP 797– 100%

4. Unclean environment

Hospital: layout – 5%

Facility: dedicated design – 100%

3. Crowded workspace

Hospital: semi-closed IV room – 10%

Facility: physical isolation, mfg plant concept – 100%

2. Interruptions

Containers, mfg work cells, one-piece flow, 2-tech 
setup – 100%

1. Loose labels, loose drugs, 
unlabeled drugs
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Reliability - Cost or Saving?

Decision guided by Acceptable Quality Level model

Plots cost of inspection versus cost of defect

Indicates the IV compounding quality breakeven is at 4.7´́́́ 10-5

Appropriate to target ~1´́́́ 10-4

46© 2006 PeaceHealth 

Project Conclusions

IV compounding processes at the prototype 
compounding facility met patient safety and AQL 
objectives

IV compounding processes remaining at the hospital 
need further redesign for greater reliability

Prototype concepts proven – designed into the new 
hospital manufacturing and supply pharmacy facility
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New High-Reliability Pharmacy 

Currently producing at 6.03 ´́́́ 10-5 (99.994%) reliability

48© 2006 PeaceHealth 

The Perception of Numbers

Which is easier to read and understand?

99.994%6.3´́́́ 10-5

99.90%9.92´́́́ 10-4

98.5%1.5´́́́ 10-2

ReliabilityFailure rate
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The Perception of Numbers

It’s easy to grasp the significance of the difference 
between 80%, 90%, 95%, 99%. It is within our normal 
world of numbers.

It’s easy to loose the significance of the difference 
between 99%, 99.9%, 99.99%, or 99.1%, 99.8% – starts 
to feel like just insignificant numbers after the 
decimal. It is not our normal world of numbers.

50© 2006 PeaceHealth 

The Perception of Numbers

99.9% to 99.99% is the same as 90% to 99%
99.1%  to  99.9% is the same as 91% to 99%

The numbers to the right of the decimal are significant for the 
pharmacy project, going from 99.9% to 99.99% meant: 

A patient receiving an incorrect IV every 60 days 
instead of 6 days
An annual ADE cost reduction of $250,000
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The Perception of Numbers

It was easier to understand and make decisions when 
using the Mean Time Between Failure number

A defective IV every 6 days, instead of the abstract 9.92´́́́ 10-4

Can chart MTBF instead of reliability percentage or failure rate

52© 2006 PeaceHealth 

Power of the Test & Sample Size

Other than to determine a baseline, if you measure 
<90% (10-1), stop measuring and start improving

If you measure 99-100% (10-2 ---- 10-3), keep measuring, 
and account for sample size
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No Failures Sample Size

6905

1379

688

135

66

43

31

99.99%

Confidence level

460329952303189710-3 99.9%

91959846037999.5%

45929923018910-2 99%

9059453795%

4429221910-1 90%

2919151285%

211411980%

99%95%90%85%Reliability

(One failure requires ~50% larger sample size)

54© 2006 PeaceHealth 

Power Of The Test & Sample Size

“ The Rule of Threes” (Success run theorem)

With 0 failures found in the sample, we can be 95% confident (power of 
the test) that our failure rate = 3 ¸̧̧̧ sample size

0 failures in 30 ���� 95% confident the failure rate is 3/30 = 0.1 (90%, not 
100% reliability)

95% confidence that reliability is 10-3 (1/1000 or 99.9%) requires 3000 
samples without failure
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Power of the Test & Sample Size

16.8 times3.3 times
Difference between 
measured and inferred

3173

2

1814

18

Volume logged

Defects logged

1.06´́́́ 10-3 (99.89%)3.34´́́́ 10-3 (99.67%)
Inferred reliability       
(at 95% power)

6.3´́́́ 10-5 (99.994%)9.92´́́́ 10-4 (99.90%)Measured reliability

July

Compounding Facility

April

Hospital

Reliability spreadsheet

56© 2006 PeaceHealth 

Pharmacy Redesign & Reliability

Questions


