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Introduction 
For prevention radiological events it is necessary to identify hazardous situation and to analyse the nature of 
committed errors. Though the recommendation on the classification and prevention of radiological events: 
Radiological accidents I I I has been prepared in the framework of Czech Society of Radiation Oncology, 
Biology and Physics and it was approved by Czech regulatory body (SONS) in 1999, only a few reports have 
been submitted up to now from brachytherapy practice. At the radiotherapy departments attention has been 
paid more likely to the problems of dominant teletherapy treatments. But in the two last decades the usage of 
brachytherapy methods has gradually increased because nature of this treatment well as the possibilities of 
operating facility have been completely changed: new radionuclides of high activity are introduced and 
sophisticate afterloading systems controlled by computers are used. Consequently also the nature of errors, 
which can occurred in the clinical practice, has been changing. 

Materials and methods 
As we have only few "our own" cases to make clear the reasons, which could potentially yield to over 
exposition of workers or patients in the brachytherapy practice, we brought to play the data collected by 
Nuclear Regulatory Commission (NRC) and IAEA 121. As in the both registers there is documented a huge 
number of different cases from different types of practices, we focused only on the events in which 
mistreatments of the patients in brachytherapy have been reported or in which the professionals or other 
persons have been (actually or potentially) overexposed. According to system of documentation we have 
been able to check data since 1990 to June 2005 and from them we choose and consequently analysed 276 
records that have been related to brachytherapy. 

To determine the potentially hazardous parts of procedure the so-called "process tree", which follows the 
flow of entire treatment process, has been created for most frequent type of applications. Marking the 
location of errors on the process tree indicates where failures occurred and accumulation of marks along 
branches show weak points in the process. 

Results 
As the nature of ascertained cases markedly differs we categorized them into three groups: 

1. The events registered in special types of brachytherapy applications, which are not practically used 
in Czech Republic: 

48 problems have been occurred when the 1311,32P, 153Sm, 90Y or 125I as unsealed sources have 
been used with the therapy methods of nuclear medicine, 
28 events have happened during intravascular irradiation of patients with the sources 192Ir, 
90Sr,32P, 
8 events have been registered during for ophthalmic treatment with 1251, 90Sr sources. 

2. The events, which happened using low dose rate (LDR) methods with sealed sources. This category 
of application is still used in five radiotherapy departments in the Czech Republic (afterloading LDR 
application of 137Cs) and several departments are about to introduce temporary applications of 192Ir 
wires or permanent applications of the seeds treatment. We separate the reported events according 
the type of used source: 

43 accidents with the 137Cs have been reported, 



26 accidents happened during the temporary application of 1251, 192Ir, 
68 accidents were occurred during permanent applications of the seeds 125I, 192Ir, 103Pa. 

3. The accidents happened when using the high dose rate (HDR) afterloading (AFL) systems with high 
activity sealed 192Ir sources. As this is at present time a prevalent brachytherapy method used in CR, 
we have focused on the nature of the problems. We can sorted them subsequently: 

155 cases reported the application of lower dose to target volume than had been prescribed by 
physician - in 66 cases it was connected with irradiation of other volume of tissue than was 
wanted and in 6 cases it was moreover connected with unwanted irradiation of the professionals 
and patients when the control on the source has been lost, 
43 cases reported the application of higher dose than had been prescribed - in lease there was 
irradiated also other tissue than had been planned and in 1 case the accidental dose was so high 
that the patient died and still other 94 persons have been overexposed, 
I case of the application of different dose than had been prescribed (the description was not 
given), 

- 27 cases where the target volume had not been irradiated at all and in 21 cases from that there 
was irradiated other part of the patient body; in 5 cases from that also the health professionals 
have been overexposed, 
4 times the wrong patient was exposed, 
6 cases described the over expositions of health professionals and 3 times also other people have 
been exposed, 

- 3 times the pregnant women have been irradiated, 
II times potential expositions of health professionals has been reported, 
22 times potential expositions of public have been reported, 
1 case of potential mistake in irradiation of the patient has been reported. 

Despite of fact that the details of the events referred in the NRC are often imprecise and incomplete they 
provide very much valuable information on the character of accidents and in principal it is possible to 
analyse it by the method of "process tree" or using the other useful tool of risk analysis, which is common in 
industrial sector. The results and comparison of different method, which have been suggested by B. 
Thomadsen et al. /3/ will be given and discussed in the presentation. The results are in good agreement with 
the data obtained by T. Nishimura et al. who performed such survey in Japan /4/. 

Discussion 

Though an accident can happen in almost all steps during the treatment - from the treatment planning to the 
delivery of the dose - the nature and frequency of the failure depends on the method used and it is possible to 
trace the most dangerous steps: 

- For LDR application the errors are mostly connected with loading and fixing the sources into 
applicator (or applicator in the patient) and with dose-time calculation and treatment termination. For 
permanent interstitial implants it is usually source preparation and source placement into implant. 

- For HDR applications the most common step with failure is connected with the adjustment of the 
treatment distance and configuration of the positions of the source in the applicator. 

Despite the fact that construction of sophisticated AFL systems sometimes neglect likely human 
responses, the inadequate training, lack of written procedures and inadequate protocols, omission of 
verification processes are the main reasons for failure of the system. Errors tend to happen when the 
persons involved failed to identify developed unusual condition and thus responded in an 
inappropriate manner. Increased stress, from time compression or competing priorities as well as 
lack of communications and loosing of attentions belong also to human errors, which can be 
reduced only by the systematic approach to the organisation and evaluation of the work procedures. 
In the Czech Republic, there have been reported only several small events, character of which is similar to 
the accidents reported abroad. Great importance have the results obtained by on site audits, which have been 
carried out since 2001 to 2004 by National Radiation Protection Institute: there have been checked all 15 
afterloading systems (including 3 new installations) used for brachytherapy at the 13 radiotherapy centres in 
Czech Republic. There have been verified the four basic parameters which can influence the magnitude of 
absorbed dose delivered to patient: the value of reference air kerma rate (RAKR), calculation of absorbed 
dose in the vicinity of the source, estimation of distances by reconstruction process and precision of the 
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position of the sources in applicators. The results have been analysed in the separate publication 151 but there 
were appointed an important potential error - uncertainty of the precise positioning of the sources in the 
applicator - it was identified at the 2 department where the new systems were installed. It corresponds with 
the findings of this study. 

Conclusion 
Analysed data provide useful information to prevent medical events in brachytherapy. The results 
strength the requirements given in Recommendations of SONS and revealed the need for its 
amendment. They call especially for systematic registration of the events. 
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