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What did we learn?

Accidents happen

When they happen there is more than one factor

Many more ‘almost accident’s than big ones

Common factors: 

•Training,

•Communication, internal and external

•Barriers, 

•Authority To Question (or lack thereof)

•Lack Of Redundancies

•Distractions / Attention

•Procedural Variations

•Lack of clarity in analysis and reports of what 

happened



Zietman et al. 2012 Hendee and Herman 2011





Report Advice

Towards safer Radiotherapy 37

Radiotherapy Risk Profile 15

Preventing Accidental ….. 15

Hendee and Herman 20

Heirarchy of Actions 19

ASTRO 6

TG 100 5

Total 117

5 Abundant Recommendations

What can we do?



Education/ Training (7)

Staffing/skills mix(6) 

Documentation/SOP (5)

Incident Learning System (5)

Communication/questioning (4) 

Check lists (4)

QC and PM (4)

Dosimetric Audit(4)

Accreditation (4) 

Minimizing interruptions (3)

Prospective risk assessment (3)

Safety Culture (3)



What can we do?

Education and Training

Multilayered prevention

Risk assessment – (FMEA)

Learning and Reporting Systems

Analyzing – Root Cause Analysis (RCA)  

Safety Culture



IAEA
International Atomic Energy Agency

PREVENTION OF ACCIDENTAL 

EXPOSURE IN RADIOTHERAPY

Part 5: Reporting, investigating and preventing 

accidental exposures

IAEA Training Course

https://rpop.iaea.org/RPOP/RPoP/Content/AdditionalResources/Trainin

g/1_TrainingMaterial/AccidentPreventionRadiotherapy.htm
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Preventing accidental exposures

 Communication
There should be clear and concise written rules for communication 

critical to safety. These rules should be posted and understood.

- Example: Handing over an accelerator to a physicist 

following maintenance should be formalized and adhered to. 

(e.g. case history on incorrect repair followed by insufficient 

communication – Spain, 1990)

Documents critical to safety, for example prescriptions, basic data 

and treatment plans, should be signed by staff who are responsible 

and qualified.
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Multilayered prevention of accidental exposures

 The term “defence in depth” is defined in the 

BSS as “the application of more than one single 

protective measure for a given safety objective 

such that the objective is achieved even if one of 

the protective measures fail”.

 “Defence in depth” can be viewed as several 

layers of safety provisions, such as physical 

components and procedures.
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Multilayered prevention of accidental exposures

Multilayered prevention includes aspects of “defence in 

depth” but also includes aspects such as awareness and 

alertness which could be termed “conceptual defence” 

 For this multilayered prevention of accidental 

exposures to work, these layers need to be independent 

of each other.

 An implemented Quality Assurance program might 

provide the layers. Part of the QA should be to verify that 

this is the case!
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Multilayered prevention of accidental exposures

Initiating events will happen many times in any clinic

If there are no layers of safety provision, these events will lead to 

accidental exposures
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Multilayered prevention of accidental exposures

Initiating events

Accidental exposures

By putting in a layer of safety-

provision, many initiating events 

are stopped from becoming 

accidental exposures.

When only a single layer of 

safety-provision is present, 

failure of this layer can still lead 

to accidental exposures.
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Multilayered prevention of accidental exposures

Initiating events

Accidental exposures

By having multiple independent 

layers of safety-provision, there 

is a much higher likelihood that 

accidental exposures are 

prevented.
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Multilayered prevention of accidental exposures

Initiating event: Mistakenly inverting SSD-correction in MU-calculation

Consequence: Very significant dose deviation for a patient 
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Multilayered prevention of accidental exposures

Initiating event: Mistakenly inverting SSD-correction in MU-calculation

Consequence: Very significant dose deviation for a patient 

Independent check of calculation
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Multilayered prevention of accidental exposures

Initiating event: Mistakenly inverting SSD-correction in MU-calculation

Consequence: Very significant dose deviation for a patient 

Independent check of calculation

Weekly chart-check of “reasonability”
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Multilayered prevention of accidental exposures

Initiating event: Mistakenly inverting SSD-correction in MU-calculation

Consequence: Very significant dose deviation for a patient 

Independent check of calculation

Weekly chart-check of “reasonability”

In vivo dosimetry
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Multilayered prevention of accidental exposures

Initiating event: Mistakenly inverting SSD-correction in MU-calculation

Consequence: Very significant dose deviation for a patient 

Independent check of calculation

Weekly chart-check of “reasonability”

In vivo dosimetry

Written procedure for calculation methods
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Multilayered prevention of accidental exposures

Initiating event: Mistakenly inverting SSD-correction in MU-calculation

Consequence: Very significant dose deviation for a patient 

Independent check of calculation

Weekly chart-check of “reasonability”

In vivo dosimetry

Written procedure for calculation methods

Awareness! Shorter SSD means shorter 

treatment time for same dose
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Multilayered prevention of accidental exposures

Initiating event: ?

Consequence: ?

TRY IT AS AN EXERCISE!

Examples of initiating events:

Calibration of beam made in penumbra

Pancake chamber used upside down

Use of wedge factor twice in calculation 

of treatment time

Misunderstanding of verbal prescription



To Create Barriers, we use  Process Maps







o The absence of an unacceptable risk of harm.

o What is harm in RT?

excess morbidity 

sub-optimal tumour control.

What is Safety ?



The degree to which radiation therapy 
is consistent with current professional 
knowledge:

• The prescription is appropriate, i.e. 
evidence based

• The prescription is delivered within 
tolerances determined by consensus 
in the profession

26

Quality in Radiotherapy





“Serious” Incidents per course

New York State 0.012%

Varian 0.002%

UK 0.003%

Is Safety an issue in Radiotherapy?

The chance of dying or being injured on a U.S. domestic 

flight is about 0.00001%  - Ford and Terezakis IJROBP 2010



There are about 750,000 

patients receiving RT per 

year in the U.S.

How many patients fall into the 

“Quality Trap”?

At 0.01% that would be 75 serious accidents per year in the US 

alone!

If we ignore retreats, that is approximately 750,000 courses per 

year. 

2.6% of 750,000 is about 20,000

Harm Harm 

Benefit 

Underdose Overdose Target 
Dose 
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• A difference between what is 
expected and what actually occurs.

• An event that departs from the 
normal, the routine or from what we 
expected. 

Variance?



What information we
collected?

Department of Radiation Oncology

TREATMENT VARIANCE REPORT

Reported on __/__/200_   Reported by:____________      Occurrence date(s): __/__/200_, _____

Patient ID:___________  Attending M.D.:____________ Assigned Physicist:________________-

Details: Blocks / MLC / MU / Wedges / Geometry / Energy / Mode / Setup / Machine_____/  

Calculation / Plan / # of Fx’s __ / Machine function / Identification

Other____________________________________________________________

Therapist(s): ____________________________________ _____

Description of Variance (reporting staff):

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

_________________________________________________________________________________

THE ABOVE SECTION TO BE COMPLETED BY REPORTER



Long Island Jewish Medical Center
North Shore-LIJ Health 

System

What did we do with it?

 Bring to the attention of the attending 
Physician since s/he is ultimately 
responsible for the patient’s treatment

 As the case may be, bring to the 
immediate attention of a supervisor or 
Physics. 

 “Treatment Variance” forms are 
collected by Sherin



Long Island Jewish Medical Center
North Shore-LIJ Health 

System

What did we do with the 
information?

 Analyze the specifics of the variance with 
three goals in mind

– What is the effect on the patient 
– Is there a lesson to learn and 
changes to be made

– What reporting category does the 
variance fall into.  



Long Island Jewish Medical Center
North Shore-LIJ Health 

System

Each case would be 

evaluated by the QA team, 

and the analysis reported 



When evaluating the significance of 

an error, its effect has to be 

evaluated on the assumption that 

the patient’s treatment will be 

solely determined by that 

particular error.



A measure, or action, is truly 
redundant if it can perform 

its function as if there was 

no other system or action in 

place.



Long Island Jewish Medical Center
North Shore-LIJ Health 

System

Proposed Corrective 

Action and Discussion

 Let’s change “xy”
 We should replace  “yzz” 

with “rstuv”
 The last person to 

“zxttt” will do “abcd”
 We will never again 

“defgh”!



Monthly 

Presentation to 

the departmental  

QA Committee



Newer incident reporting systems

In-house web-based 

system available since 

2007

 Includes near-misses

 600 “minor incident” 

for every 1 “critical 

error” 

(Bird and Germain 1996)



http://www.rosis.info/

http://www.rosis.info/index.php

http://www.rosis.info/index.php
http://www.rosis.info/index.php


http://www.rosis.info/docs/Registration_Form_March_11.pdf

General Information
Infrastructure(Equipment, etc)
QA procedures
Risk management (Reporting system,  etc)



http://www.rosis.info/docs/Registration_Form_March_11.pdf





https://rpop.iaea.org/SAFRON/StaticContent/safron-instructions.pdf





https://rpop.iaea.org/SAFRON/ClinicRegistration/ClinicRegistrationEdit.aspx



https://rpop.iaea.org/RPOP/RPoP/Modules/login/safron-register.htm

Free text description

Tables

Option Menus

https://rpop.iaea.org/RPOP/RPoP/Modules/login/safron-register.htm


ASTRO and the AAPM (2014) - medical specialty society sponsored radiation 

oncology PSO.

Goal: Educate the radiation oncology community on how to improve safety and 

patient care.
49



ASTRO and the AAPM (2014) - medical specialty society sponsored radiation 

oncology PSO.

Goal: Educate the radiation oncology community on how to improve safety and 

patient care.
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What to Report or Track

• Explicit events – frequent events

• Random events

• Actual errors

• Potential errors (near misses)

• Corrective measures



Incident Reporting Depends on Factors

• Culture

• Reporting system and guidelines

• Competence to interpret reported data 

• Willingness to implement

• Changes based on collected data and analyses

• Ability to share data and provide feedback

• Power distance index



Organizational Culture

Pathological Culture Bureaucratic Culture Generative Culture

Do not want to know May not find out Actively seek it

Messengers (whistle 
blowers) are “shot”

Messengers are listened 
to if they arrive

Messengers are 
trained and 
rewarded

Responsibility is 
shirked

Responsibility is 
compartmentalized

Responsibility is 
shared

Failure is punished or 
concealed

Failures lead to local 
repairs

Failures lead to far 
reaching reforms

New ideas are 
actively discouraged

New ideas often present 
problems

New ideas are 
welcomed

Reason, J., Managing the risks of organizational accidents.  Different organizational cultures



Final Disposition

• Resolution and 

corrective action

• Responsible person

• Implementation plan

• Evaluation plan

• Follow up plan



Root Cause Analysis - when

1. Any single obviously serious event

2. Systematic events

3. High frequency sporadic events

1. Collect information – WHAT happened

2. Identify causes – WHY, WHY, WHY, WHY, WHY

3. Recommendations for remediation

4. Implement and Monitor

Root Cause Analysis - how



Safety culture – free of fear

Incident Reporting and Learning systems must be:

Friendly for reporting
Responsive
Dynamic



MANY TOOLS!!

Safety culture – free of fear

Incident Learning systems-
Friendly for reporting, responsive and dynamic

Root cause analysis methods

Check lists

Standard procedures and handoffs



Resources 

• IAEA -> http://www.iaea.org/

• Lessons learned from accidents in radiotherapy, Safety Reports Series No. 17, IAEA, Vienna 

(2000).

• ICRP-> Prevention of accidental exposures to patients undergoing radiation therapy. Publication 

86, Volume 30 No.3 (2000)

• AAPM - > http://www.aapm.org/

• ASTRO -> https://www.astro.org/

• TreatSafely -> http://www.treatsafely.org/index.php

• AHRQ (Agency for Healthcare Research and Quality) 

• http://www.ahrq.gov/patients-consumers/care-planning/errors/index.html

http://www.iaea.org/
http://www.ahrq.gov/patients-consumers/care-planning/errors/index.html
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