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ABSTRACT

Radiation therapy is a complex treatment modality involving several technological and professional resources
as well as a large number of attributions of these professionals with a high degree of interdependence. Thus
there are many possibilities of failure in the treatment process that may lead to an accidental exposure.
Regulatory agencies have established guidelines in order to prevent accidental exposures through security
analysis planning and risk management. The System of EValuation of Risk in RAdiotherapy, also known as
SEVRRA, is based on the risk matrix methodology and allows the risk assessment of radiation therapy
facilities in a prescriptive way, highlighting events leading to high-risk levels. With SEVRRA it is also possible
to establish an analysis of importance of the barriers proposed to avoid or mitigate such events. This work
aimed to demonstrate the application of SEVRRA for the risk management of radiation therapy facilities. The
risk profile was determined by identifying the highest risk level events, and the barriers of greater impact for
the overall risk level. After implementing some missing barriers in the original facility profile, it was achieved
a reduction from 31% to 8% in the number of events leading to high-risk level, showing the effectiveness of
SEVRRA for the risk management in radiation therapy facilities.
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1. INTRODUCTION

Radiation therapy is one of the primary treatment options in cancer management [1]. It is a
complex therapeutic modality involving several professionals and a large number of activities
developed with a high degree of interdependence. A radiation therapy facility encompasses
specialized staff and advanced technology therapeutic modalities. Together with all alternatives for
the choice of a treatment modality or advanced technological paths to achieve better results for the
treatment, there are several possibilities of failure in the treatment process. The increase in the
number of cancer types and the increasing number of patients requiring treatment further contribute
to an accident-prone scenario concerning non-planned patient exposure. Thus, there is a need for
some kind of preventive approach to risk management to increase safety in this practice [2].

The risk assessment consists in identifying possible errors or failures, evaluating their
probability of occurrence and the severity of their consequences. It highlights the weaknesses of a
process based on the risk rating and the robustness of the security mechanisms. The accidental
sequence begins with the occurrence of an initiating event, followed by the actuation or failure of
the safety mechanisms. The safety mechanisms are defined according to the moment they act in the
accidental sequence. Frequency reducers are measures to avoid or prevent an initiating event; as
such, they take effect before the initiating event occurs. Direct barriers are measures to detect an
initiating event and prevent its consequences, such as accidental exposure of patients. Consequence
reducers are measures to detect the initiating event and mitigate the consequences of accidental
exposure; they take effect once the event has occurred and its consequences have started to become
apparent [2].

Due to a number of accidents in the world in the last twenty years [3-9], the need for a
systematic way of investigating and foreseeing non-planned dose events associated with patients,
workers and public became fundamental for the radiation therapy good practices. In this regard,
regulatory agencies have been establishing guidelines in their regulations to prevent accidental
exposures through safety analysis planning and risk management [10-13]. The Ibero-American
Forum of Radiological and Nuclear Regulatory Agencies (FORO) [14] recently developed in the
context of a risk analysis project the System of EValuation of Risk in RAdiotherapy, also known as
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SEVRRA [1, 15-18]. SEVRRA is an online tool that implements the risk matrix method applied to
radiotherapy [2, 17, 19] also developed under the FORO, dealing semi-quantitatively with both
retrospective and prospective risk analysis approaches. It is ready to perform a prescriptive risk
assessment for the modalities of 3D conformational radiation teletherapy with linear accelerator and
Cobalt 60 unit, High Dose [7] and Low Dose Rate Brachytherapy [2, 17, 19, 20]. Treatments with
advanced technologies are beyond the scope of the current SEVRRA version. There is some intent
to expand the SEVRRA and risk analysis methodology to take into account new modalities of
radiation therapy such as intensity modulated radiation therapy (IMRT) and volumetric modulated
arc therapy (VMAT) [21].

This work aims to demonstrate the feasibility of the application of SEVRRA for the risk
management by establishing the risk profile of a Brazilian “average” radiation therapy facility, i.e.,
a facility in which the presence or absence of each barrier was defined from the average
characteristic of most Brazilian facilities, identifying the highest risk accidental sequences and the
related and most relevant direct barriers, frequency and consequence reducers to assess how the
missing barriers could affect the facility risk profile. Then, it was evaluated the impact of
implementing some barriers demanded by Brazilian regulatory guidelines on the overall risk of the
average facility and, finally, these results were compared with risk profile of the reference facility

built-in in SEVRRA.

2. MATERIALS AND METHODS

The average Brazilian radiotherapy facility has been defined considering technologies,
personnel and processes, among many other characteristics commonly observed in regulatory
inspections carried out by the National Commission of Nuclear Energy on country's radiotherapy
facilities. This typical installation features a linear electron accelerator of double photon energy and
electron beam. It does not have a multileaf collimator (it uses protection blocks). It has no record
and verifying system. It has a dedicated tomograph for simulation and has two radiotherapy
technicians working per shift. Despite the fact that they have a radiation oncologist and a radiation

protection supervisor, holders and substitutes, the latters only act eventually, not having a defined
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weekly workload. Thus, the facility has only one radiation oncologist and one medical physicist
during its period of operation. The facility has a quality assurance program based on national and
international protocols and recommendations performed regularly, however, there is no quality
assurance program for the planning system. There is a preventive maintenance program for the
linear accelerator, but no established procedure for recording and communicating the necessity of
beam dosimetry after maintenance followed by acceptance and release of the machine for clinical
use.

The facility's human resources are qualified for their functions and undergo retraining annually.
There is effectively only a radiation oncologist and a medical physicist responsible for treatment
prescribing and planning. The processes are well standardized and the staff is aware of all the
treatments performed in the service. They do not maintain a routine with weekly meetings to
discuss the cases in course, this would be done whenever necessary. However, due to the high
workload, there is no established routine for radiation oncologist and medical physicist participation
on the first treatment session and the portal image of the first session is often verified with the
treatment already being started. For the same reason, the patient clinical review with the radiation
oncologist does not occur weekly. The facility does not go through an external audit. There is no
treatment planning and dosimetry double check by a second medical physicist. The treatment sheet
does not show patient's photograph nor a picture of its positioning on the treatment table.

The risk analysis has been performed with SEVRRA for each stage of the radiotherapy with
linear accelerator, from equipment initial installation, acceptance, commissioning and maintenance
to the treatment execution, going through all the intermediate steps such as prescription, acquisition
of anatomical patient data and planning (Figure 1).

By definition, risk is the probability of occurrence of some kind of damage taking into account
its severity. To reduce the risk of some accident-initiating event there are some safety measures that
constitute barriers to avoid, prevent, detect, control and mitigate the consequences of the accident.
In a redundancy system, two or more barriers must be established so that one acts in the case of

failure of the other(s) [2].
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Figure 1: SEVRRA's screen for the risk analysis of radiotherapy with a linear accelerator.
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In SEVRRA, each initiating event is classified as having low, R;, medium, Ry, high, Ry, or very
high-risk, Ryx. Once the risk analysis has been carried out, the initiating events risks are rated and a
risk acceptability criterion is applied as a way to focusing on those ones resulting in highest risk
level and highest consequences. Any sequences that do not meet these criteria must have their
safety measures enhanced. Additional measures should be adopted for those initiating event
classified as very high or high-risk (in case of high consequences) by introducing some direct
barriers, frequency reducers or consequence reducers, thus concluding one cycle of the process of
risk assessment by reducing the overall risk level of the facility.

This study was accomplished in three steps: (1) At the first phase, it has been considered that the
facility had no barriers or reducers in order to establish the baseline risk level for the radiotherapy
with linear accelerator (Figure 2-a). (2) The second phase has been carried out considering the
direct barriers, frequency and consequence reducers existing at the facility. Once the facility overall
risk level has been obtained, the highest risk accidental sequences have been identified together
with the direct barriers, frequency and consequence reducers representing the greatest impact on

this risk level (Figure 2-b). (3) In the third phase, it has been analyzed which barriers could be
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implemented on the facility to produce the greatest impact in reducing the risk level. The analysis
has been performed again considering these modifications (Figure 2-c). The impact of these
changes has been evaluated. Once the most important missing barriers have been identified, the

impact of their implementation on the overall risk level of the facility has been analyzed.

Figure 2 - Distribution of initiating events by risk level (a) 1st phase: without direct barriers and
reducers, (b) 2nd phase: with facility's existing direct barriers and reducers, (c) 3rd phase: adding/
modifying direct barriers and reducers (d) for SEVRRA's reference facility.
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3. RESULTS AND DISCUSSION

The risk matrix model implemented on SEVRRA has identified 148 accident-initiating events
for the practice of radiotherapy with linear accelerator [2]. For the fictitious facility of this study,
since it does not have multileaf collimator, only 141 events are indeed applicable. In the 1st phase,
when it was considered that there were no direct barriers and frequency and consequence reducers,
the facility presented one initiating event with very high risk, RVH, 120 with high risk, RH, and 20
with medium risk, RM, which corresponds to 0.7%, 85% and 14% of the initiating events
applicable, respectively (Figure 2-a).

In the 2nd phase, when introducing in the analysis the barriers and reducers already existing in

the “average” facility the risk profile becomes: 44 initiating events with Ry, 69 with Ry, and 28 with
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R;, corresponding to 31%, 49% and 20% of the initiating events, respectively (Figure 2-b), no
longer presenting the very high-risk. At this phase, the acceptance and commissioning and
treatment planning stages presented the highest number of accidental sequence with high-risk: a
total of 27, representing 61% of the total of initiating events for the practice under analysis (Figure

3-a).

Figure 3 - Stages of highest risk (a) in the 2nd phase of the risk analysis and (b) in the 3rd phase of
the analysis, after modification/inclusion of additional barriers.
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Table 1 presents direct barriers and reducers with highest impact at initiating events with high-
risk level. The main missing barriers identified are related to the lack of radiation oncologist
physician and medical physicist professionals in a number enough to comply the tasks related to
these barriers on the facility. So the majority of these barriers can be implemented simply by
establishing a minimum 40h / week workload (full time) for a second radiation oncologist physician

and medical physicist.
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Table 1: Direct Barriers (DB), frequency reducers (FR) and consequence reducers (CR) of
most significant impact. IIE summarizes “impacted initiating event”.

Type Description % of 1IE
CR Weekly medical evaluation of the patient to detect errors in dose delivering  43,2%

CR  Positioning protocol to detect geometry or dose delivering errors through

. . . e . 36,4%
visual signs during the positioning of the patient °
CR  Weekly in vivo dosimetry to detect errors in the dose delivering process 36,4%
DB  Invivo dosimetry in the first treatment session to check the correspondence
. 34,1%
between delivered and planned dose values
CR Annual external audit for the control of reference dose rate 34,1%

DB  Comparison of TPS calculated and measured dose during its commissioning 29,5%

FR Medical physicist training including the whole calibration process, common

errors and lessons learned 22.7%
DB  Independent verification of calibration by a different medical physicist with 20.5%
a different dosimetry equipment ’
CR  Monthly and annual QA tests, including safety, geometric and dosimetric 15.9%
parameters
DB  Portal image evaluation by the radiation oncologist physician and the 11.4%
medical physicist in the first treatment session ’
DB  Independent verification of the treatment planning by a different medical 11.4%
physicist ’
DB  Independent verification of the data input on the TPS by a different medical 11.4%

physicist

In the 3rd phase, repeating the analysis taking into account the hiring of one more of each of
these two professionals, and consequently the implementation of the barriers related to the
participation of these new professionals in the facility’s routine, it was obtained a reduction from
31% to 8% in the amount of high-risk initiating events. The number of R, and R, rose from 49%
and 20% to 54% and 38% respectively (Figure 2-c). With these new barriers (the abundant number
of professionals in the facility resulting in moderate workload, double check of treatment planning,
participation in the first treatment session, periodical medical patient revision, among others), the

risk level of the 16 initiating events from the stage of acceptance and commissioning was turned
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from Ry to Ry or R, also lowering the risk level of 9 of the 11 initiating events from the treatment
planning stage from Ry to R, (Figure 3).

The percentage of medium-risk initiating events for the “average” facility became higher than
that for the SEVRRA's reference facility (Figure 2-d). According to acceptance criteria [2], the
medium-risk events are tolerable depending on the cost-benefit analysis. Improvements should be
made or measures should be taken to reduce the risk as much as possible, taking into account cost-

benefit criteria.

4. CONCLUSION

This paper presented a risk analysis of an average Brazilian facility using SEVRRA. The
objective was to provide the results obtained and show the efficiency of this system for the risk
management.

SEVRRA makes easier the application of the risk matrix method and the evaluation of the risk
analysis results for risk management. It is able to point out priorities and specific actions that must
be implemented to reduce the overall facility risk level. With SEVRRA is possible to identify and
concentrate efforts on the initiating events leading to the highest risk levels. It also allows
highlighting the importance of some direct barriers and reducers that most significantly could
impact on the facility risk profile.

The overall risk profile of an average Brazilian facility was established through the SEVRRA
identifying the highest risk events as well as the highest impact barriers to this risk level. After
considering the implementation of the missing and with highest impact barriers indicated by
SEVRRA, it was possible to reduce the number of high-risk initiating events from 31% to 8%,
demonstrating the effectiveness of this tool for risk management in radiotherapy. The SEVRRA is a
tool that has the potential to contribute to the continuous improvement of the radiation therapy

practice, increasing the radiotherapy safety to a higher level.
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