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ABSTRACT 

Traditional methods used in assessing risk in nuclear power plants may be 
inappropriate to use in assessing medical radiation risks. The typical philosophy 
used in assessing nuclear reactor risks is machine dominated with only secondary 
attention paid to the human component, and only after critical machine failure 
events have been identified. In assessing the risk of a misadministrative radiation 
dose to patients, the primary source of failures seems to stem overwhelmingly, 
from the actions of people and only secondarily from machine mode failures. In 
essence, certain medical misadtninistrations are dominated by human events not 
machine failures. 

Radiological medical devices such as the Leksell Gamma Knife are very 
simple in design, have few moving parts, and are relatively free from the risks of 
wear when compared with a nuclear power plant. Since there are major technical 
differences between a gamma knife and a nuclear power plant, one must select a 
particular risk assessment method which is sensitive to these system differences 
and tailored to the unique medical aspects of the phenomena under study. 

These differences also generate major shifts in the philosophy and 
assumptions which drive the risk assessment (Machine-centered vs Person-
centered) method. We were prompted by these basic differences to develop a 
person-centered approach to risk assessment which would reflect these basic 
philosophical and technological differences, have the necessary resolution in its 
metrics, and be highly reliable (repeatable). The risk approach chosen by the 
Livermore investigative team has been called the "Relative Risk Profile Method" 
and has been described in detail by Banks and Paramore, (1983).^ 

PURPOSE 

Our purpose was to develop a risk assessment method which was tailored to the 
radiological medical applications of the Office of Nuclear Material Safety and Safeguards. The 
driving requirements behind this effort was to review and update regulatory guidance, models 
and methods applicable to the gamma knife. 

" This work was supported hy the U.S. Nuclear Regulator)' Commission, Office of Nuclear Materials Safely and 
Safeguards, under the Interagency Agreement DOE 40-550-75 with the U.S. Department of Energy. 
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This report describes a quantitative framework for evaluating risk associated with 
Medical Radiation Device in the context of Quality Assurance (QA). In particular, the 
framework can be used to measure how well medical treatment facilities and equipment achieve 
specific quality goals, which include protecting public safety, building public confidence, and 
producing effective medical treatment. Our scope was limited to QA associated with gamma 
knife operations. However, with minor modification the framework can be extended to other 
medical devices operation, maintenance and construction. 

The evaluation framework is designed to assist regulators at the Nuclear Regulatory 
Commission (NRC) and radiation therapy facilities risk-control administrators. Our method can 
be used to examine the benefits of individual QA procedures, to evaluate overall risk at specified 
facilities, or to compare alternative QA practices at those facilities. In the long term, such 
applications of the framework can lead to safer, more reliable, and cost-effective risk reduction 
associated with patient treatment. The risk method framework was developed in several phases. 
During the first phase we defined the critical treatment tasks and the quality goals, established 
performance measures for evaluating risk, and identified available data sources. 

METHOD 

Human Reliability Analysis (HRA) in ihe nuclear industry is generally defined as a 
subset of Probabilistic Risk Assessment (PRA) which examines the actions and behaviors of 
people in the performance of task execution. The probability of task execution by humans and 
the corresponding consequence of "task failure" constitute the concept of risk. In the context of 
medical applications for gamma knife devices, PRA may be considered to be a subset of HRA 
where risk is defined as the product of the probability of an undesirable event and the 
consequence of this event. Reliable and valid measures of consequence can be difficult to obtain 
for irradiation of brain lesions, particularly with the gamma knife since adequate statistical 
patient complications data is scarce at best or the existing data, because of its treatment context, 
cannot be readily generalized to other types of gamma knife treatments or patients1. It is, 
therefore, very important to focus the measurements or scaled ratings of events such as 
unintended radiological dose (wrong dose or the dose is administered to the wrong part of the 
brain) independent of pure medical judgment. 

Our person-centered approach to risk assessment included a hierarchy of steps: (1) 
Identify the critical human and machine processes and sequences; (2) evaluate hazards to 
medical personnel and/or patient(s); (3) perform a modified task analysis; (4) develop relative 
risk profiles for each task sequence.2'3 

Task Sequences 

Experts in radiation oncology and medical physics assisted in tUe risk assessment process 
by initially developing the task sequence and then rank ordering tasks based upon the propensity 
for error for each task. Each of the experts used his/her experience in the medical treatment of 
patients to arrange the tasks. Figure 1 displays the top level tasks executed in administering the 
prescribed radiological dose to patients. This process flow diagram was constructed after much 
discussion and many observations in order to later que the experts and elicit their professional 
opinions based on their observations and personal experience. 
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Table 1 displays a sample task data form for treatment planning with the seven data cells 
filled in. 

GAMMA KNIFE TASK DATA 
SAMPLE 

TABLE 1 PROCESS: Treatment Planning 

I. Task ID Number 2.6 

2. Task Description/Purpose Take skull measurements (supine or prone position) 

3. Task Frequency (No) of limes per palient; 
"0", if noi performed) 

1-2 

•4. Performance Standards ± (3-4) mm 

5. Support Equipment Skull measuring bubble 
Measuring stick 
Data form 

6. Training/Knowledge Required 
(Academic, Equipment, OJT, etc.) 

OJT - Apprentice training 

7. Ways to Reduce Errors/Risk 
(Procedures, Equipment, Training, etc.) 

Verification procedures 
Refresher training 

This process of using experts as part of the task ranking does not yield absolute risk 
values, but instead generates relative risk profiles. Each likelihood of task error is compared 
only with other tasks in the task sequence, and hence, can be used to identify high risk tasks on a 
relative level. Although each of the four steps of the process method may require different tools, 
the steps are not orthogonal and require iterative inputs from both the preceding and proceeding 
steps. In so doing, we provide some degree of assurance of a total systems analysis which is 
balanced, and internally consistent. Both documented and anecdotal information is also used in 
addition to quantitative subjective ratings (based upon "hands on" experience) by subject matter 
experts at every step of the methodology where funding and time permit. 

APPROACH 

A systems approach to risk assessment using a task-based analysis was used. Thus, 
tasks were defined by a top-down, iterative analysis process, examining the gamma knife 
functions and tasks in the context of the facility design, support equipment, and personnel 
interactions with the equipment, procedures, patient, data, administrative controls and 
training. 

To perform this analysis, a multidisciplinary team was established which included: 

• Gamma Knife manufacturing personnel and medical experts to explain the 
functions and delineate the task requirements, hazards, and error potentials. 



• Systems engineering experts to evaluate the functional design and support 
equipment. 

Medical physicists, and safety specialists to contribute to the delineation of 
hazards, error consequences, and means of minimizing same. 

• Human Factors engineers to develop the risk method, delineate the required steps, 
guide the data collection, and help interpret the results and limitations of the study. 

The data was collected and developed in group sessions of this multidisciplinary team 
of subject matter experts. The data was reviewed by additional subject matter experts, e.g., 
radiation oncologists and medical physicists in each area of expertise. 

The major steps of the methodology used are listed below: 

Establish the data collection framework. 

Define Gamma Knife and facility functions/processes. 

Identify tasks. 

Specify the tasks in behavioral and system terms. 

Construct DBMS data file. 

Analyze and/or synthesize the data. 

SEQUENCE OF STEPS 

Exhibit 1 shows the sequence of steps needed to complete the task. There are three 
phases of work — the preparation phase (steps 1-4), the task analysis phase (steps 5-8), and 
the report generation phase (steps 10-11) — as described below. 

Preparation Phase (Steps 1-4) 

Step 1. Establish Task Analysis Objectives and Scope. The objectives of the project 
were agreed upon at a preliminary meeting attended by representatives of the radiation 
oncology department, NRC, LLNL, ELEKTA, and included key personnel representing 
biomedical engineering, safety, medical physics, radiation oncology, human factors 
engineering, and both PRA, and HRA experts. Three primary objectives were addressed: 

• Demonstrate the use of a risk based, task analysis method as a tool for integrated 
system assessment and risk management, familiarizing facility personnel with the. 
method and potential applications of the data for regulatory action and 
recommendations. 

• Produce a first order set of operational tasks and operations sequences to be 
analyzed against potential hazards, misadministrations or other critical system 
failures. 
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Report Generation 
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1. Establish task analysis objectives 
and scope 

z. Establish management support 
and commitment of personnel 

3. Familiarize participants with 
objectives, work plan, and method 

4. Establish data collection model 

5 Define process functions 

6 Analyze process functions t o develo 
task list 

7. Review task list, establish agreement 

8 Analyze tasks, complete task 
analysis data forms 

9 Review task analysis data forms, 
revise as necessary 

10 Enter data into on-line database 
management system 

• 11 Synthesize/analyze data to meet 
project objectives and prepare 
report 

Exhibit 1. Overview of project activities and analysis steps. 



Step 2. Establish NRC Concurrence and Commitment to the HRA Method. This key 
preparation step was accomplished in a joint meeting involving participants as described 
above, with follow-up contacts as the project progressed. A pool of resource personnel were 
identified, — one to develop the data and one to review it. 

Step 3. Familiarize Participants with Objectives. Work Plan, and Method. A kickoff 
meeting was conducted for participants in the data development and review. Objectives and 
scope were reviewed, an orientation to the risk-based task analysis and its uses were 
provided, the steps of the work plan were reviewed, along with a discussion of scheduling 
issues. 

Step 4. Establish Data Collection Model. The final item on the agenda of the kickoff 
meeting was to agree upon the types of data about a task that would be developed in the 
analysis. A top level data collection model used in previous risk/task analyses conducted 
was introduced as a starting point. Data categories were deleted and added, and category 
definitions modified to suit the system under analysis and the objectives of this project/task. 
After a preliminary agreement was reached certain data items were identified as 
questionable in terms of their applicability but left in to be tested as the analysis progressed. 
Additional modifications were later made to clarify data category definitions during the 
analysis. 

The data collection model is embodied in the Task Analysis Data Form and a 
corresponding set of Task Analysis Category Definitions which will be used as a training 
and analysis aid. The data form and definitions are presented as Exhibits 2 and 3, which 
appear at the end of this section. 

(Steps 5-8) 

Step 5. Define Process Functions. Process functions were defined initially in the form 
of brief narrative statements that specify: 

• Starting conditions 

• Major activities resulting in changes in the operational status of the gamma knife 
operation and collateral facility conditions. 

• End conditions. 

The process function descriptions serve to bound the tasks to be included in each 
process step and to indicate major task groupings. Modifications were made as the task list 
was developed. When filling in the detailed steps of a process, task groupings that may 
initially be overlooked are identified, and better ways of bounding processes and allocating 
or ordering activities within gamma knife processes steps emerge. 

Step 6. Analyze Process Functions to Develop Task List. The initial task list was 
developed by members of the data developmental risk assessment team. The process 
function descriptions provide a framework for discussion. These descriptions identify the 
major changes in Gamma Knife status or environmental conditions to be accomplished 
during the process. The purpose of the group effort is to visualize and express the specific 



steps that would need to be performed by the medical personnel. Discussion of the layoui of 
the facility, the equipment, process and exposure control requirements were addressed. A 
schematic of the facility and equipment design will used as an aid along with video tapes to 
study the process and tasks. The experience of medical team members will facilitate task 
identification. 

Step 7. Conduct Review of Task List. The completed task list was distributed to all 
members of both the data development and review groups for review and comment. 
Changes were agreed upon by the data development and review groups. The resulting task 
list will serve as the starting point for completion of the relative risk profiles. 

Needs for additions and other changes in the task list will be identified as the forms are 
developed and additional information is obtained about the facility design and equipment 
options. Another iteration of task list development sessions may be conducted which will 
involve all participants, to resolve issues identified in the detailed analysis, incorporate 
additional information, and establish a final task list. 

Thereafter, minor modifications were made in the wording and grouping of task 
elements to meet the requirements of the data collection model. 

Step 8. Analyze Tasks. Complete Task Analysis Data Forms. A series of 
interview/discussion sessions were conducted to complete the task analysis data forms in 
accordance with the task category definitions. 

Step 9. Review Task Analysis Data Forms. A review was performed by members of 
the operations staff in addition to those who participated in the detailed analysis and 
completion of forms. Review comments were incorporated in the on-line data base. 

(Steps 10-11) 

Step 10. Enter Data into On-Line Data Base Management System. An on-line data 
base system for task data management and analysis was developed during the task analysis. 
This system allows keyword search and rapid sorting and retrieval of selected data. The 
software includes routines for calculation and plotting of risk indicators and other 
quantifiable parameters of each task associated with the Gamma Knife. (Omitted - This step 
was ommitted, but normally is included to organize the data.) 

Step 11. Synthesize/Analyze Data and Prepare Report. The method of analysis was 
designed so that the task descriptors would constitute procedural steps which could simply 
be listed to provide the first order profile of risk. A risk profile was generated using the 
standard formulation of rated, relative probability of error in task performance multiplied by 
the rated severity of potential error consequences. In addition, lists of types of error and 
hazards intrinsic to task requirements will be generated. The risk profile and descriptive 
lists of types of error and hazards may then be used to identify tasks that should be given 
particular attention in ergonomic design, procedures, training, and level of supervision. 

SUMMARY OF FINDINGS 

One of the findings generated during the hazards evalutaion was the identification of 
a source of an extraneous radiation field during presupposed system failures or abnormal 
operating modes.4 Two types of radiation "hot spots" were identified. The first. 



(approximately 8-10% of maximum dose), was due to the transmission of gamma ravs 
through the stainless steel collimating helmet. The second (approximately 1-2% of 
maximum dose), was due to the inadvertent, non attenuated radiation transmission through 
mis aligned collimators. Both these effects disappear at the point of patient treatment since 
the tungsten collimators then become aligned and prevent primary gamma beam 
transmission, (although some very minor leakage 10.3-0.4% of maximum), continues to 
persist).5 

The method was found to generate consistent values which may be cross validated 
against other studies using a similar method. In addition, data displayed in Figure 2 show 
clearly which tasks are relatively more likely to result in a misadministratiop with respect to 
other tasks. This information may be used by the NRC in the future to change the 
parameters training, procedures, management, equipment design or certification inorder to 
lower the risk associated with any particular task. 

CONCLUSIONS 

Relative risk profile methods, with their person centered approach, provide excellent 
identification of risk-by-task, which in turn provide the regulator with specific information 
as to which tasks contribute relatively more, or less, to total systems risk. Furthermore, the 
regulator can set any threshold for acceptable risk to identify the task of interest and the 
causal factors which make the task relatively high in risk. In addition, the method does not 
generate complex layers of "Boolean boxes" which often times requires a specialist to 
interpret, and thus add to obfuscating the important purpose of the risk assessment method, 
i.e. determining what is causing the high risk sequences and what can be done to lower the 
risk. 

We are currently planning to perform a cross correlation analysis using the data 
generated form our relative risk profile analysis and comparing it to the results generated 
with the absolute oriented method developed by Dr. Allen Swain, called THERP. It will be 
interesting to see the degree of correlation between these two methods both before and after 
Z transformations. The results of this attempt to concurrently validate the relative risk 
profile method will be published in June, 1993. 
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Exhibit 2 - Probability vs. Consequence 
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