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Justification and Optimization in ICRP

• Justification

• more good than harm

• Optimization

• level of protection should be the best 

including economic and societal factors 



Justification in ICRP 105

• Principle: More good than harm

• Harm

• Detriment from radiation

• Economic and societal cost 

• Made on the basis of 

• Experience 

• Professional judgment 

• Common sense 

• Quantitative decision-aiding techniques should 

be considered



Justification in in ICRP 105

Level I: General Level

Level II: Defined Radiological Procedures

Level III: A Procedure for an Individual Patient

More good that harm to society Is now taken for granted

Benefit to health, family and to society

Justification is depend on the national conditions

Consider the exposure to staff and public and accidental or

unintended exposures

The decisions should be reviewed.

Alternative procedures, characteristics of the individual patient, 

expected dose, previous or expected examinations or treatment



Justification in 

Radiotherapy
• Approaches of ASTRO: Evidence-based Guidelines 

• Reviews of Phase III Multi-Institutional Prospective Studies

• In ASTRO web site, guideline development process have been 

guided.
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Optimization in ICRP 105

Level I: Design and Construction of Equipment and 

Installation 

Level II: Defined Radiological Procedures

Net benefit is maximized

From simple common sense to complex

quantitative processes (financial costs, societal

costs)
Do not mean the reduction of dosed to patients



Optimization in Radiotherapy
• AAPM has recommended QA 

techniques for each type of 

machine and RT techniques.



Improvement of RT Tech.



Improvement of RT Tech.



Improvement of Linac



Radiation Therapy: More Complicated 

TX
Jan. 2013



Change of Process Map

• 예) VMAT

• 181개의 갠트리 회전각

• 각도별 120개의 MLC 위치 및 MU



Process Map of Radiotherapy

External beam process map exhibiting 269 process
nodes. Nodes highlighted in black indicate the top
15 potential failure points as ranked by the risk
probability number (RPN).

Example of a process map
highlighting the production and
handling of digitally reconstructed
radiographs (DRR) in the radiation
treatment planning process
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Radiotherapy is the safe?
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1) Radiotherapy Risk Profile: World Health Organization 2008.12

The Risk of mild to moderate 

injurious outcome to patients: 

0.15% 
(1500/1,000,000) 1)

Hospital admission rate for 

adverse drug reactions: 

6.5% 
(1500/1,000,000)

Courtesy of Y Han, Ph.D.



Can be fatal

Courtesy of Y Han, Ph.D.



Accidents in Radiotherapy
Incidents Author Time IntervalEvent Total PatientsOutcome Direct Causes

Poland
IAEA, Safety Report

Series No.38, 2006
2001 Overdose 5 5 – Severe injuries

Failure of more than 1 layer of safety in electron accelerator

(monitor chambers and interlock)

UK
McKenzie AL,

British Institute of
1988

Overdose

(+25%)
207 Teletherapy activity calculation error

UK
McKenzie AL,

British Institute of
1982-1991

Underdose (-

25%)
1,045 Misunderstanding of algorithm in Tx planning computer

Germany
IAEA, Safety Report

Series No.38, 2006
1986-1987

Overdose

(various)
86

Co-60 dose calculations based on erroneous dose tables, no

independent checks

US

Ricks CR, REAC/TS

Radiation Incident

Registry, 1999

1944-1999 Overdose

13 – Deaths (OH:10,

PA:1, TX:2 ) 1

Serious Injury (WA)

Incorrect calibrations, incorrect computer programming,

equipment maintenance/repair negligence

US

Sickler M, St.

Petersburg Times,

2005

12 months
Overdose

(+50% or >)
77 19 - Unsafe level

Programming error using wrong formula in Tx planning

computer, no independent second dose verification

Spain
IAEA, Safety Report

Series No.38, 2006
1990

Overdose

(+200 - 600%)
27

15: Direct Death s 2

:Deaths from

complication

Error in maintenance if linac, procedures not followed, conflicting

signals not analyzed, no beam verification procedures

UK
IAEA, Safety Report

Series No.38, 2006
1999-1989

Over and

under dose (-

20 to +10%)

22
Error in identification of Cs-137, brachytherapy sources, no

independent check of no independent check of source stength

Costa Rica
IAEA, Safety Report

Series No.38, 2006
1996

Overdose

(+60%)
114 17 - Deaths

Error in calibration of Co-60 unit, lack of independent beam

calibration, recommendation of external audit ignored

Panama 2000 Overdose 28 Several - Deaths
Modified procedure for entry into Tx planning computer without

verification

US
IAEA, Safety Report

Series No.38, 2006
1989-1988

Overdose

(+75%)
33

Computer file for use of trimmers not updated for new Co-60

source, no manual or independent verification of calculated Tx

Scotland

Scottish Ministers,

Report of an

Investigation, 2006

2006
Overdose

(+58%)
1 1 - Death

software was upgraded. Old correction factor was applied to new

calculation program.

Courtesy of Y Han, Ph.D.



Error rate with RT
• Events : 0.5%

• Serious incidents : 1 / 10,000 treated Pts.



Error Type

Krishnamoorthy J, et al., Health physics. 2014;106(5 Suppl

2):S71-7.



Error Type
• Pennsylvania

Konski A, et al. JACR 2009;6:45-50.



Impact of new technologies

Amols HI, Health Phys 2008;95:658-665.



Impact of new 

technologies

Margalit DN, et al. Red 2011;81:e673-e679.



Impact of new 

technologies
• There was a lower error rate with IMRT compared with 

3D/conventional RT .

• The types of errors differ significantly between IMRT and 3D/ 

conventional RT.

• QA processes must be uniquely adapted for each technique. 

Margalit DN, et al. Red 2011;81:e673-e679.



Impact of new 

technologies

Huang G, et al., Red 2005;61:1590-1595.



Impact of new 

technologies

Huang G, et al., Red 2005;61:1590-1595.



High Risk Area in Radiotherapy

Radiotherapy Risk Profile: World Health Organization 2008.12

Failure in Workflow and Process

Adverse Event

Near Miss

Courtesy of Y Han, Ph.D.
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4 RI SK MANAGEMENT 

4.1 Basic concepts 

In this section a few basic concepts and their definitions, as adopted in these Guidelines, are 
presented. The terminology related to events is further discussed in Section 4.5.2 and in the 
Technical Supplement. Equivalencies between the terms used here and those used in the 
revised Euratom BSS (EC, 2013) are shown in Table 4.1 (also shown in the List of definitions 
and in Table 5.9). Although the relationships between the main procedural concepts are 
complicated, a simplified illustration is shown in Fig. 4.1. 

Table 4.1. Equivalence of terms between the present Guidelines and the revised Euratom BSS 
(EC, 2013) 

 

 

 

Figure 4.1. Simplified illustration of the relationships of the main procedural concepts 
discussed in these Guidelines. Blue boxes represent the main tools for QM, while 
the green boxes describe the main tools for RM (depicted here as QM “sub-tools”). 
Education and training and QA are tools for both QM and RM, hence the boxes are 
bi-coloured. Dotted lines with arrows indicate the main feedback lines, e.g., 
proactive risk assessment should benefit from learning of events.  

 

Patient safety and quality in radiotherapy
Engagem ent of the m anagem ent

Quality management (QM )

Risk management (RM )
All structures and processes of the 
organization aimed at improving

safety and
preventing or reducing risks

Health care
management;
Organization

and procedures

Proactive risk
asessment

Reactive analysis of 
events

Recorded/reported
at local level

Reporting and learning
from adverse error-

events and near
missses

Quality control
(QC)

Quality audit
incl. Clinical

audit

Other QA 
structures and 

procedures

Other risk preventive or
risk reducing structures

and procedures

Corrective 
measures

Education
and training

Quality
assurance

(QA)
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Risk Management 

The likelihood (L) scale is used as a qualitative estimate of the probability or frequency of 
events when precise data are not available for quantification. Likelihood is expressed in a 
qualitative form ranging from 1, 2 etc., or A, B, C etc., to the last step of the scale, whereas 
probability is expressed as a number ranging from 0 to 1.  Likelihood is more subjective but 
easier to use when precise probabilities are not known. 

These two scales are necessary to make a decision about whether a given situation is 
acceptable or not: the higher the severity is, the lower the likelihood should be (see also Fig. 
4.3). The scales and the application thereof should be a consensus decision made by a 
working group or by adopting of international or national agreements on these scales. 

 

4.1.8.4 Barrier 

The term “safety barrier”, or more briefly “barrier”, as used in proactive risk assessments and 
reactive analysis of events, describes all measures that can: 

• limit the probability of event occurrence. For example asking for the identity card for 
patient registration reduces the probability of identification error. Such barriers are 
called preventive barriers or probability reducers. 

• limit the severity level of the consequences of the event. In radiotherapy, this could 
mean all measures designed to stop error propagation.  For example, in vivo dosimetry 
performed at the first treatment session detects errors and rectifies the situation before 
the wrong treatment can be administered. Similarly, the periodic medical examination 
of a patient performed by the radiation oncologists (e.g., once a week) may detect 
errors and thereby reduce the consequences (e.g., by identifying unexpected clinical 
signs/symptoms). However, such barriers merely mitigate the severity of the adverse 
error-event and may not prevent the occurrence of a certain degree of damage. Those 
barriers are called protective or corrective barriers or consequence reducers. 

The aim of barriers is to place all events in the area of acceptable risk (i.e., below the Farmer 
Curve in Fig 4.3). 

Barriers can also be procedural, e.g., re-verification (double check) of arrangements to avoid 
giving an appointment in the same time slot to different patients with the same name, or 
physical, e.g., barcodes needed to identify the patient or to allow an action to be performed. 

 

Figure 4.3. Relationship between severity and probability (Farmer Curve) indicating how to 
reach (via mitigation and prevention) the acceptable risk area. 

 

SEVERITY

Acceptable Risk

Unacceptable RiskMitigation

Prevention

PROBABILITY
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Risk mitigation - Process
• Eg. FMEA



Risk mitigation

Kapur A, et al Frontiers in Oncology 2013;3.



Risk mitigation

Kapur A, et al Frontiers in Oncology 2013;3.



Risk mitigation - Standardizin

g

Adapted from ASTRO presentation; Marks L, et al. 

2008.

Duke 

University



Perception Change for Patient 

Safety



Perception Change for Patient 

Safety
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Risk mitigation – Reporting and Culture
• Survey with Good catch program

• 84% of respondents (100% of physicians) agreed that the good catch program 

enhances patient safety mindfulness.

• Only 5% reported being dissuaded by a physician, supervisor, or peer from 

submitting good catches.

• Incident learning system can enhance patient safety mindfulness and promote a 

safety culture.



Improvement of Patient Safety Culture



Improving Safety Culture Reduces 

Complicates

Mardon RE, et al., J Patient Saf. 2010.



Culture of Safety
• Climate of blame and punishment

“We have tried to create culture, environment, and 

infrastructure to allow all individuals (staff members 

and patients) to develop an understanding of safety 

mindfulness and to feel comfortable in openly 

speaking about errors and suboptimal systems.”



Culture of Safety

Jessica A. Church, Pract Radiat Oncol 2013.

Some people voiced, “I don’t want to report ‘errors’

because I don’t want to get into trouble.”



Culture of Safety
• Safety culture can be 

increased by leadership 

only.

• Leadership 

• should suggest an exact 

goal for each role of staff 

(e.g. M.D., Physicist, 

RTT, and so on).  

• should organize 

process, role of staffs, 

and communication well.



Patient Safety in SMC
• Patient Safety Committee 

from 2014.

• Reporting System: Good 

Catcher

• Regular Meeting at Every 

Month

• Review of all events 

• Risk Analysis

• Modification of Protocols 

and Procedures 

• Education 2 times a year

• Share the Critical Events 

Immediately



Modification of Work Flow
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Before Clinical Implementation of 

New Machine and New Techniques

• Determining Workflow and role of the Physicians, Physicists, 

and RTT

• Training and exercising Dry-run



Summary
• Need to secure justification through prospective research 

that is appropriate for domestic situation.

• Need to secure optimization for domestic situation

• Recently, the application and application of quality control 

to the treatment process have been actively studied.

• Development of optimization method including workflow 

optimized for individual institution is required.

• It should be applied in consideration of the financial 

resources of individual institutions including human 

resources in a domestic harsh environment.

• Efforts to raise safety culture.



Thank you.


