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Learning Objectives 

ÅThe relationship between complexity and 

error  

ÅThe limitations of human cognition 

and 

ÅSolutions that can be applied today 



Disclosures 

ÅNo financial conflicts 

ÅI am NOT 

ïA Pilot 

ïA Consultant for Crew Resource Management 

ïHuman Factor Scientist 

ÅI hope I am not an evangelist 

 



I am a practicing cardiac surgeon  



Warning: We are going to talk about Errors 

ñfailure of a planned action to be 

completed as intended  

or  

the use of a wrong plan to achieve an 

aimò 

   per IOM and after J. Reason 



é and 3 basic problems 

ÅComplexity  

ÅCognition 

ÅCommunication 



A Surgical Error 

Å56 year old man  

ÅS/P massive heart attack 

ÅShock 

ÅLeft-Ventricular assist device 

ÅListed for transplant 

ÅWait in-hospital >3 months 



Case (cont.) 

ÅDonor heart available Xmas day 

ÅTransplant performed by 2 staff surgeons 

ÅTransplanted heart functioning normally  



Postoperative head CT scan 



What Happened?   

 

ÅComplex case 

ÅSick patient 

ÅBut was it preventable? 

 



We have a ñComplexity Problemò 



The ñComplexity Problemò é all around us 



And Complexity leads to accidents 



Complexity is characterized byé 

ÅInstability 

ÅNon-linearity 

ÅEmergence 

ÅUnpredictability 

 



Instability 

ÅñStableò states and non-equilibrium physics 



Non-linearity 



ñEmergenceò 

The whole is greater than the sumé 



éand sometimes lessé 

ñEmergenceò 



Unpredictability 



In Complex Systemsé error is inevitableé 



The Cognition Problem 

While complexity is increasingé  

our intellect is not 



Human cognition has evolved 

 

ïHeuristics and Biases 

ÅPattern recognition  

ÅAvailability 

ïrecency 

ïhedonic impact 

 

ïSelective attention 

ïFixation 

ïIntuitive decision making 



ñCognitive Intelligenceò 
 



A Surgical Error:  
Fixation (ñtunnel visionò), Confirmation bias, Situational Awareness 

Å40 year old father of 2 

Ås/p XRT for Hodgkinôs age 11  

Ås/p chemo for recurrent Hodgkinôs age 32 

Ås/p 8/06 

ïCABG, AVR, MVR, pericardiectomy 

ÅStruggled out of hospital with CHF 



ÅAdmitted 4 months later with endocarditis 

ÅSunday afternoon ï AR progressing 

ÅEmergent 

ïRedosternotomy 

ïDouble valve replacement 

ïPericardial patch reconstruction  

ïAortic homograft 

ïCabrol coronary reconstruction (SV) 

A Surgical Error 



Å 2:00 AM 

ÅWeaned from bypass 

Å Protamine  

Å Decannulated 

Å Progressive RV dysfunction, then biventricular dysfunction 

Å RVAD 

Å Death 

A Surgical Error 





How could I have been so stupid? 



Was it a Preventable Death? 

ÅComplex case 

ÅSick patient 

ÅBut was it preventable? 

 



Preventable Death? 

ÅComplex case 

ÅSick patient 

ÅBut was it preventable? 

ÅI saw what I expected 

ÅI did not stop to consider all possibilities 

ÅI was tired 

 



How We Think: 

Why is it so obvious in retrospect? 

ÅWe live our lives forward as 

experts 

ïExpert decision-making is by 

intuition and mental simulation  



The Paradox of Expert Opinion in Retrospect 

ÅWe live our lives forward as experts 

ïBy intuition and mental simulation  

ÅBut we re-examine them as if novices 

ïAlgorithmically 

ïRationally  



ñConfirmation Biasò 

ñThe human 

understanding, once it has 

adopted an opinion, 

collects any instances that 

confirm it, and though the 

contrary instances may be 

more numerous and more 

weighty, it either does not 

notice them or else rejects 

them.ò  

Sir Francis Bacon 



Confirmation Bias in the face of uncertainty 

Å Decision making is Intuitive 

Å Depends on emotional  state  

ÅSense of ñcertaintyò comes 

from the Amygdala 

ïThe feeling of ñknowingò 

ïDeja Vu 

Å Emotional input makes 

confirmation bias harder to 

break 



Confirmation bias can lead to ñGroup Thinkò 
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When Complexity exceeds Cognitive 

capacityé 

Technological Progress 

Human Cognitive Ability 



During WWII the emphasis was placed on ñdesigning the 

human to fit the machineò through selection and training 

(person-centered)  

The Birth of ñHuman Factors Scienceò 

but planes kept 

crashingé 



Solution: Simplify the ñenvironmentò 



Solutions: The Origin of Checklists 

B17 ï ñtoo much plane for one man to flyò 



Progress 
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The Complexity Problem in Surgery 
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The Complexity Problem in Surgery 



Solutions? A New Perspective 



CP1241983-4 

Traditional Medical Perspective 

Vincent et al:  Ann Surg 239(4):475, 2004 
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