


What is Reliability? 

The extent to which a system yields the 
same results on repeated trials 



Six Sigma — One Measure of 
Reliability 

Process Sigma Defects per 1,000,000 

6 3.4 

5 233 

4 6,210 

3 66,807 

2 308,538 

1 691,462 



Healthcare’s Reliability Gap 

 World-class manufacturing dictates defect rates in 
the 5-6 sigma range. 

 

 The airlines are achieving better than  

    6-sigma range with 0.43 deaths/million. 

 

 Health-care measures generally fall into the 2-4 
sigma range. 

     Merry & Brown, 2002 

 



Healthcare’s Reliability Gap 

44,000 – 98,000 annual deaths 
from errors in healthcare (IOM, 
1999). 

 

Health-care errors are the 7th 
leading cause of death (Kohn, 
Corrigan & Donaldson, 1999). 

 

http://www.nap.edu/books/0309068371/html/


Healthcare errors 

 Failure to diagnose / incorrect diagnosis 

 Failure to utilise or act on diagnostic tests 

 Inappropriate use or outmoded diagnostic 
tests / treatments 

 Failure to monitor or provide follow-up 

Wrong site surgery, medication errors 

Transfusion mistakes 



Healthcare errors 

Healthcare associated infections 

Patients falls 

Pressure sores 

Phlebitis associated with intravenous lines 

Restraint related strangulation 

Preventable suicides 

Failure to provide prophylaxis 



Comparing healthcare with 
aviation 

Anaesthetists and intensivists - like pilots 
 monitor under routine condition and intervene 

in emergencies 

 

 Surgeons, physicians and nurses - like 
engineers and maintainers 
 hands-on repair work and fewer engineered 

defences 

 high error opportunity 



The Role of Complexity  
In Reducing Performance 

No of 

Steps 

0.95 0.99 0.999 0.999999 

1 0.95 0.990 0.999 0.999999 

25 0.28 0.78 0.98 0.998 

50 0.08 0.61 0.95 0.95 

100 0.006 0.37 0.90 0.99 

The Probability of Performing Perfectly 



Why did it happen? 

Many and varied interactions with 
technology e.g. infusion pumps 

Many care-givers; multiple hand-offs 

High acuity of illness / injury 

Environment prone to distraction 

Need to make quick decisions; time-
pressured,  

High volume, unpredictable patient load 



Key reasons 

 Patients are more at 
risk than non-patients 
 

 Medical interventions 
are, by their nature, 
high-risk procedures - 
small error margins 
 

 Medicine remains an 
inexact, hands-on 
endeavour 



So many non compliances 

N Engl J Med 2003; 348:2635-2645 



Surgical site infections (SSIs) 
and antimicrobial prophylaxis  

 Despite evidence of effectiveness of 
antimicrobials to prevent SSIs, 
numerous studies have demonstrated 
inappropriate timing, selection, and 
excess duration of administration of 
antimicrobial prophylaxis 
 

 2965 acute care US hospitals 
 

 An antimicrobial dose was 
administered to 55.7% of patients 
within 1 hour before incision.  
 

 Antimicrobial agents consistent with 
published guidelines were 
administered to 92.6% of the patients.  
 

 Antimicrobial prophylaxis was 
discontinued within 24 hours of 
surgery end time for only 40.7% of 
patients. 



Quality Improvement:  
Bridging the Implementation Gap 
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Hierarchy of Reliability 

No protocol (“State of Nature”) 

 

Decision support exists but not linked to order writing, 
or prompts within orders but no decision 
support 

 

Protocol well-integrated (into orders at point-of-care)  

 

Protocol enhanced (by other QI and high reliability 
strategies) 

 

Oversights identified and addressed in real time 

Level 

 

4 

 

1 

 
2 

 

3 

 

5 

 

 

Predicted 

Success rate 

 40% 

 
50% 

 

65-85% 

 
90% 

 
95+% 



Characteristics of a Quality 
Healthcare System when the 

Appropriate Systems are in Place 
 

 It is safe 

 It is effective 

 It is efficient 

 It is patient centered 

 It is equitable 

 It is timely 



Care Bundles 

 A small set of practices individually proven to improve patient 
outcomes and when implemented together are expected to result 
in a better outcome than when implemented individually 

 

 Consist of 3 – 6 elements, which are well established practices 
that are not being delivered consistently 

 

 To improve consistency, these practices are then packaged 
together into a ‘bundle’ that should be delivered by one 
healthcare team at one point in time to every patient meeting the 
bundle criteria 



 

 Prevent Central Line Infections...by implementing a series of 
interdependent, scientifically grounded steps called the 
"Central Line Bundle” 

 

 Prevent Surgical Site Infections...by reliably delivering the 
correct perioperative antibiotics at the proper time 

 

 Prevent Ventilator-Associated Pneumonia...by implementing 
a series of interdependent, scientifically grounded steps 
including the "Ventilator Bundle" 



 
 Reduce Methicillin-Resistant Staphylococcus 

aureus (MRSA) infection through basic 
changes in infection control processes 
throughout the hospital 
 

 Reduce Surgical Complications by reliably 
implementing the changes in care 
recommended by the Surgical Care 
Improvement Project (SCIP)  

 



 100% of 23 ICUs in 11 hospitals participated in the 
Collaborative 
 

 The statewide mean CLABSI rate decreased 74% 
from 3.73 (median 1.95) infections per 1000 
catheter days to 0.97 (median 0) in Q2 (March - 
June) 2008 (p<0.0032) 
 

 The VAP rate fell 15% from 3.44 (median 0.58) to 
2.92 VAPs (median 0) per 1000 ventilator days in 
Q2, 2008 



Mean CLABSI rates 



Mean VAP rates 









Cause and effect diagram 
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Pronovost  et al 





CLABSI Bundle (IHI) 

 Hand hygiene (surgical hand hygiene) 

 Maximal barrier precautions 

 2% Chlorhexidine with IPA skin antisepsis 

 Optimal catheter site selection, with 
subclavian vein as the preferred site for non-
tunneled catheters  

 Daily review of line necessity, with prompt 
removal of unnecessary lines 

 





CLABSI Maintenance Bundle 

Needleless connector 

Scrub hub > = 15 sec with CHG alcohol 
or alcohol 

Antiseptic or AB impregnated catheter 

Biopatch 

AB or antiseptic lock 

CHG baths 

Outside ICU – use IV Team 

 



Moving from Bundles to 
Checklist 



Implementation 

 Task work 
 Behaviours that are related to task execution, such 

as the interaction with medical equipment - and 
instruments 

 
 Teamwork 

 How team members organize their joint actions  
Designating roles, determining the timing of 

activities, coordinating action, and managing 
interpersonal factors, such as decision making 
and conflict resolution 



Quality Improvement:  
Bridging the Implementation Gap 
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Implementation: Success 
factors  

 Quality improvement 
approach 
 Multidisciplinary team 
 PDCA model 
 Element of 

measurement for 
assessment / evaluation 

 
 Quality & safety culture 
 



Comprehensive Unit-based 
Safety Program (CUSP) 

 A 5-step program designed to change a unit’s 
workplace culture 

 

 Brings about significant safety improvement 
by empowering staff to assume responsibility 
for safety in their environment 

 Achieved through education, awareness, access to 
organization resources and a toolkit of 
interventions 



Comprehensive Unit-based 
Safety Program (CUSP) 

 Train staff in the science of 
safety 
 understand that safety is a 

property of the system 

 understand the basic principles 
of safe design that include: 
standardize work, create 
independent checks (checklists) 
for key processes, and learn from 
mistakes 

 recognize that the principles of 
safe design apply to teamwork as 
well as technical work 

 understand that teams make 
wise decisions when there is 
diverse and independent input 

 Engage staff to identify defects 
 

 Senior executive 
partnership/safety rounds 
 

 Continue to learn from defects 
 What happened? 
 Why did it happen? 
 What did you do to reduce risk? 
 How do you know that risks were 

reduced? 

 
 Implement tools for 

improvement 
 



CUSP rolled out nationwide in 
USA to reduce HAIs 

 Following success of the “Keystone Project” 

 >100 ICUs in Michigan using CUSP 

 CLABSI reduced by two-thirds within 3 months 

Average ICU decrease its infection rate from 4 
percent to 0 

Over 18 months, the program saved more than 
1,500 lives and nearly $200 million. 

Pronovost P, et al. NEJM 2006;355:2725-32. 



Success factors 

Commitment from the hospital CEO  

 

Project team that includes, at a 
minimum 

 Physician champion (2-4 hours/month) 

 Nurse champion (if not project leader) 

 Data coordinator 

 Hospital executive champion 



Conclusion 

Bundles and checklists helped to 
standardize processes for better 
reliability 

 

Successful implementation calls for QI 
methodology 



Thank you 
Email: ling.moi.lin@sgh.com.sg 


