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Motivation 

ά!ǎ Ƴŀƴȅ ŀǎ фуΣллл ǇŜƻǇƭŜΣ ŘƛŜ ƛƴ 
hospitals each year as a result of medical 
errors that could have been ǇǊŜǾŜƴǘŜŘέ  

 
 
 

To Err is Human 
Institute of Medicine Report 1999 
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Introduction to System Safety Analysis 

Root Cause 
Å Based on chain of events model 

Å Identifies ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ άǊƻƻǘ 
ŎŀǳǎŜǎέ 

Å Recommended by Joint Commission 
based on NASA engineering approach 

Å Basis of Incident Reporting Tools used 
by the FDA, Joint Commission, Patient 
Safety Organizations 

 

Traditional RC approach 

became mainstream after 
ñTo Err is Humanò 

CAST 
Å Based on System Engineering 

Å Design for complex systems 
(Recognizes emergent properties) 

Å Identifies a lager set of causes 

Å Hardware component failures, 
component interactions, human and 
software interactions, systemic 
accidents (i.e. mode confusion) etc. 

Å Treats safety as a dynamic control 
problem 

Necessary for complex 
systems  
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VA Incident Investigation Process 

ïIn-house Root Cause method 
(developed by NASA 
engineer) 

ïPatient Safety Officers 
Network with National 
Center for Patient Safety  

ïProcess Driven 

ïEvaluation & Feedback 
reviews on RC and Action 
Plans 

ïAccredited by the Joint 
Commission 

 



VA Collaboration - Case Study 

ÅCAST applied to a Sample Accident (used for 
RC training) 
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Accident Overview 

Diagnosis 

Biopsy 
Procedure 

Post Procedure 
Recovery 

Solitary Pulmonary nodule 
in upper lobe of right lung 

CT scan guided fine needle  
biopsy of the lung nodule 

1 day Observation in  
Short Stay Unit (SSU) 

10% Pneumothorax 

50% Pneumothorax 
Chest Tube Placed 
4 day recovery  



Accident Chronology: Diagnosis  

Patient 
presented with 

symptoms 

Physical 
 Exam 

Suspected 
Diagnosis: 
Pneumonia 

Diagnostics 
Ordered  

(Chest X-ray) 

X-ray 
Performed and 

Analyzed 

Treatment 
Order: 

CT Guided 
 Lung Biopsy 

Informed 
Patient of 
Treatment 

Details 

Scheduled 
Procedure 

Solitary pulmonary nodule 
In upper lobe of right lung 

Patient 

Primary Care  
Nurse &  
Physician 

X-ray Tech & 
Radiologist 

Pulmonary  
Specialist 

Hospital  
Admin 

Diagnosis 

Biopsy 
Procedure 

Post Procedure 
Recovery 

Procedure to be performed  
 Short Stay Unit (SSU) 



Writes report in 
Patient File & 

Dictates 

Accident Chronology: Biopsy Procedure 

Initial Patient 
Prep 

Manage Overall 
Schedule 

Confirms Start 

Transport and 
Prep Patient 

and Procedure 
Room 

Provides 
Direction for 

Procedure Prep 

Transports 
Patient to SSU 

Position Patient 
Perform Initial 

CT scan 

SSU Nurse 

Charge Nurse 

Procedure  
Nurse 

CT Technician 

Interventional  
Radiologist 

Diagnosis 

Biopsy 
Procedure 

Post Procedure 
Recovery 

Resident 

Plan and 
Perform 

Procedure 

Post Procedure  
CT Scan 

(10% Pneumo) 



Accident Chronology: Recovery  

Transports 
Patient to SSU 

Connects 
Monitors 

Silences Low 
Oxygen Alarm 

Sees Patient in 
Distress 

Reviews Chart 

Attempts to 
contact 

Radiology 

Performed 
Chest X-ray 

50% Pneumo 

Places Chest 
Tube 

Procedure 
Nurse 

SSU Nurse 

Patient 

X-ray Tech & 
Radiologist 

Surgical  
Resident 

30 mins 

15 mins 

Diagnosis 

Biopsy 
Procedure 

Post Procedure 
Recovery 
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Accident had occurred before 

Corrective actions at that time included:   

ÅAwareness training for residents on service;  

ÅChanged procedure to have follow-up chest X-
rays done within 2 hours, unless there was a 
change in status 

 



VA Root Cause Analysis 
Contributing Factors: 

ÅThe complication was not disclosed to the patient or 
treatment team 

ÅNo hand-off of the patient from Radiology to the SSU 

ÅDelay in patient assessment 

ÅPatient is managing his own alarm- alarm safety issues 

ÅThis nurse is practicing out of her scope of practice if she is an 
RN. She should have called the Resident/physician responsible 
for the care of this patient. 

 Root Causes: There was a lack of communication to the patient and treatment team 
regarding the complication which occurred in Radiology. This combined with the delay 
in patient assessment post procedure and the patient silencing his own alarm 
eliminated the opportunity to detect the pneumothorax in a timely manner. 



Strongest Actions Proposed 

ÅLock out pulse oximeter so patient cannot 
manage controls 

ÅFace to face hand offs with check lists 

ÅPractice Issues  

ïAddressed by peer review and addressed by 
supervisor 
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High Level Control Diagram 
Regulatory (Joint Commission, Medical Licensing Boards, FDA, etc.) 

Manufacturers 
Corporate (VA National) 
 Hospital Management 

Local/Regional 
 Hospital Management 

Medical Care 

Patient 

PSO/VA Patient Safety 
Center 

Regulatory Guidelines 
Pre Market Approval 

Pre Market Submission 
Post Market Surveillance 

Medical Guidelines,  
Licensing, Accreditation  

Medical Guidelines,  
Licensing, Accreditation  

Guidelines,  
Staffing, Budget 

Diagnosis, Risks  
Medical Treatment 
Instructions 

Anatomy, Physiology,  
History, Consent, Expectations 

Reporting 

Reporting 

Reporting Reporting 

Incidents 

Analysis 

CAST System Boundary 

Clinical Need,  
Procurement 

Equipment, devices 



Accident Description  

Accident:  
 (General) Patient harmed as a result of hospital care    
 ({ǇŜŎƛŦƛŎύ tŀǘƛŜƴǘΩǎ ƭǳƴƎ ƛǎ ƘŀǊƳŜŘ ǿƘƛƭŜ ƛƴ ǘƘŜ ƘƻǎǇƛǘŀƭ ŦƻǊ ŀ ǇǊƻŎŜŘǳǊŜ 

to biopsy a lung nodule  
  
System Hazards (related to this accident): 
 H1 Procedure damages sensitive tissue 
 H2 Patient is unable to fully recover from procedure 
  
The System Safety Constraints (related to this accident): 
Å Lung nodule must be biopsied without harming the patient 
Å The patient must be monitored and treated appropriately while 

recovering from the procedure 



Physical System  


