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Objective 

To consider the knowledge, techniques and regulatory 

requirements necessary to prevent radiological incidents and 

accidents from diagnostic and interventional radiology 

procedures. 

 
To achieve an understanding of the role of the Regulatory 

Authority in the case of accidents or incidents in diagnostic 

and interventional radiology.  
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Contents 

• Assessment of potential exposures from interventional procedures. 

• The concept of risk and problems in its assessment and 

comparisons. 

• Assessment of the user’s plans for dealing with accidents or 

incidents 

• Discussion of case studies of accidental over exposures and the 

lessons learned. 

• The role and responsibilities of the Regulatory Authority in dealing 

with accidents or incidents. 

• Dissemination of post-investigation information.  

• Reporting on an international level.  
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The GSR Part 3 defines “accident” as: 

“any unintended event, including operating errors, equipment 

failures or other mishaps, the consequences or potential 

consequences of which are not negligible from the point of 

view of protection or safety.”  

Potential overexposure and accidents 
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(d)  any exposure arising from an image guided interventional 

procedure that is substantially greater than was intended;  

GSR Part 3, 3.179. Registrants and licensees shall promptly 

investigate any of the following incidents: 

Potential overexposure and accidents (cont) 

 and  

(f)  any equipment failure, accident error, mishap or other 

unusual occurrence with the potential for causing a patient 

exposure significantly different from that intended. 
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It depends on the dose level. 

There are two types of somatic radiation effects: 

• Deterministic 

• Stochastic 

Potential overexposure and accidents (cont) 

What are the potential consequences of radiation exposure? 
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- result from high radiation doses 

DETERMINISTIC EFFECTS 

• have a threshold dose before 

any effect appears 

• the injury increases in 

severity as dose increases 

Effects include cataracts, 

reddening of the skin, burns, hair 

loss, blood changes, temporary or 

permanent sterility, nausea, 

diarrhoea, CNS damage, death. 

DETERMINISTIC EFFECTS: 
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- have no known threshold. 

STOCHASTIC EFFECTS 

• a long latent period 

• the risk of the effect 

appearing increases 

with radiation dose 

Cancer is the stochastic 

effect of greatest concern 

to public health authorities. 

STOCHASTIC EFFECTS: 
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Stochastic effects are a potential outcome for all radiological 

procedures. 

Potential overexposure and accidents 

• At low doses the associated low risk is difficult to detect, but 

in human studies it is a priority to avoid unnecessary or 

accidental exposure. 

• Nevertheless, the technical difficulty of some interventional 

procedures may lead to high patient doses which could result 

in deterministic effects (especially skin injuries). 

Deterministic effects have a threshold that is much higher than 

that likely in most diagnostic radiology procedures. 
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It is accepted medical practice to 

expose patients to radiation for the 

purpose of obtaining valuable 

diagnostic information. 

However, prolonged fluoroscopic 

procedures, sometimes combined 

with extensive radiographic imaging, 

can result in high skin doses to 

patients with possible deterministic 

injuries and an increased stochastic 

risk to both patients and staff. 

10 

Potential overexposure and accidents (cont) 

An unintended injury to the patient is considered an accident 
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Potential over exposure and accidents (cont) 

11 

Examples of procedures with potentially extended fluoroscopic 

exposure times. 

• Radiofrequency cardiac catheter ablation. 

• Percutaneous transluminal angioplasty. 

• Vascular embolization. 

• Stent and filter placement. 

• Thrombolytic and fibronolytic procedures. 

• Percutaneous transhepatic cholangiography. 

• Endoscopic retrograde cholangio-pancreatography. 

• Percutaneous nephrostomy, biliary drainage. 

• Urinary / biliary stone removal. 
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Effects of over exposure 

Effect 
Threshold 

Dose (Gy) 

Fluoroscopy time 

(hours) to threshold 

dose 

Fluoroscopy time 

(hours) to threshold 

dose 

at 20 mGy min-1 at 200 mGy min-1 

Transient erythema 2 1.7 0.17 

Temporary epilation 3 2.5 0.25 

Main erythema 6 5.0 0.50 

Permanent epilation 7 5.8 0.58 

Dermal necrosis 18 15.0 1.50 

Secondary ulceration 20 16.7 1.67 

20 mGy min-1 Example of dose rate to skin under average conditions 

200 mGy min-1 Example of a prescribed maximum “high dose rate” limit 
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Effects of over exposure (cont) 

The hands of a medical 

practitioner who performed 

fluoroscopy examinations over a 

period of 15 years and never 

used protective devices, i.e., 

neither lead aprons, thyroid 

collar, glasses nor gauntlets. 

He developed severe radio-dermatitis on the chest and face, 

lost 3 fingers on his left hand and 1 finger on his right hand.  

The dose to his hands was estimated at > 50 Gy. 
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Avoidable radiation exposure arising from, for example: 

Accidents or incidents to be reported 

REPORT 
x-ray equipment 

component 

failure 

during 

interventional 

radiology, 

inappropriate or 

improper 

monitoring of 

fluoroscopy and 

other imaging poorly maintained 

x-ray equipment 

non-compliant 

x-ray 

equipment 
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• any diagnostic or interventional procedure, singly or in 

combination that, for a given patient, is estimated as being 

likely to give rise to a detectable deterministic outcome; 

• Occupational doses or estimated doses to the public (other 

than patients) exceeding values prescribed by the 

Regulatory Authority for the specified period. 

Accidents or incidents to be reported (cont) 

Avoidable radiation exposure arising from, for example: 
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Failure of a component e.g.  

Radiographic exposure timer failure (in one reported incident, 

failure of a dental exposure timer resulted in an estimated dose 

of 0.4 Gy to the patient’s skin). 

Example A 

• However, the potential radiation dose received by patients 

and personnel is likely to present a stochastic rather than a 

deterministic risk. 

Potential outcome 

• Unnecessary radiation exposure of the patient (and possibly  

personnel). 



IAEA 17 

• Risk that the patient may experience moderate to severe 

deterministic effects; may require follow-up counselling and 

medical treatment; potential litigation by patient. 

Potential outcome 

• Avoidable radiation exposure of the patient (and of personnel 

necessarily present). 

Inappropriate or improperly monitored use during fluoroscopy. 

e.g. user not trained in radiation safety; unnecessarily prolonged 

use of “boost” fluoroscopy and digital imaging during a prolonged 

interventional radiology procedure 

Example B 
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Poor maintenance procedures; non-compliant x-ray equipment. 

e.g. inaccurate tube voltage, low filtration, timer errors i.e. the 

equipment is not functioning optimally  

Example C 

• However, the potential radiation dose received is likely to 

present a stochastic rather than deterministic risk. 

Potential outcome 

• Unnecessary radiation exposure of patients (and possibly 

personnel). 
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Avoidable exposure of a pregnant or potentially pregnant patient. 

Note: exposures such as this are more properly classified as 

incidents rather than accidents. 

Example D 

• Avoidable exposures may arise from a failure to ask if the 

patient is pregnant or the patient herself being unaware of an 

early pregnancy. 

• The potential risks to the embryo or foetus are frequently 

exaggerated and can lead to inappropriate advice and 

actions. 
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Example D (cont) 

Potential outcome 

• Prenatal doses from most properly performed diagnostic 

procedures present no measurable increased risk of prenatal 

death, malformation or impairment of mental development. 

  
ICRP Publication 84  © 2000 
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A safety assessment plan must be prepared to identify and 

critically review events that might lead to the accidental 

exposure of patients, personnel or the public.   

Preparedness 

• The plan must be reviewed, as may be appropriate, for 

any significant changes to standards, guidelines or 

practices. 
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Examples include the risk of: 

• unnecessarily high patient dose (largely avoidable, 

deterministic effects are possible in some prolonged 

interventional procedures); 

• equipment component failure leading to continuous x-ray 

emission; 

Preparedness (cont) 

• power failure in critical areas (possibly more a matter of 

preventing immediate physical harm to patients and 

personnel). 
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Written Working Instructions or Working Rules displayed in 

key locations can play an important part in avoiding 

accidents or incidents and in promoting a reliable safety 

culture.  

Accidents and incidents can be minimised by ensuring all 

personnel are appropriately instructed in safety issues. 

Preparedness (cont) 
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• restricting use to approved medical practitioners only; 

• requiring the use of the maximum practicable kVp and 

minimum mA; 

• limiting the use of high dose rate fluoroscopy (boost) to 

occasions where it is essential to enhance image quality; 

• requiring use of last image hold and pulsed fluoroscopy (if 

available) 

Preparedness (cont) 

For example - instructions for fluoroscopy may be as basic as:  
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or, for example, in a small facility where x-ray films are 

developed manually in tanks, the instructions might state: 

 

 

 

 

 

 

 

 

• The developer and fixer shall be prepared in accordance with 

the manufacturer's instructions; 

• Films shall not be developed by sight. 

• The developing time shall be determined from the time-

temperature graph provided by the manufacturer for the 

developer in use  

• The developer shall be replenished and / or replaced in 

accordance with the manufacturer’s instructions  

Preparedness (cont) 
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Emergency Plans 

On the basis of the events identified in the safety assessment, 

registrants and licensees should prepare emergency plans 

which concisely, clearly and unambiguously:   

• identify persons responsible for taking actions, their 

responsibilities and their contact details; 

• list any immediate measures that need to be taken to avoid 

unnecessary radiation exposure. 

• describe predictable incidents and accidents and 

measures to deal with them; 
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 any operator training deficiencies;  

Repeat radiographs arising from human error should 

be excluded from accident and incident reporting.   

Repeat radiographs  

• However, “repeat analysis” should be part of the 

user’s Quality Assurance programme to routinely 

monitor the frequency of positioning, exposure 

and image development errors, to detect and 

correct: 

   shortcomings in film development (or electronic 

image processing) procedures; 

   deterioration of intensifying screens, cassettes. 
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• failure of a component; 

• poor maintenance; inaccurate exposure factors; filtration 

missing; deterioration of components in image 

intensifiers; inappropriate default settings; 

• use of inappropriate equipment for a procedure. 

Potential overexposure and accidents  

 Causes may be linked to the x-ray equipment e.g. 
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Lessons learned 

There is a need to minimize the probability of incidents and 

accidents without adversely affecting the clinical objectives of the 

procedures e.g. Licensees must: 

• ensure that equipment is fit for purpose;  

• ensure that equipment is adequately maintained; 

• ensure that operating procedures for each specific type of 

procedure to be performed are established and, with experience, 

modified as may be necessary. 
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• inadequate training; 

• incorrect selection of exposure parameters; 

• communication errors e.g. between the referring 

medical practitioner and radiographer (radiologic 

technologist) 

Potential overexposure and accidents 

 Causes may be human e.g. 
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Lessons learned 

There is a need to minimize the probability of incidents and 

accidents without adversely affecting the clinical objectives of the 

procedures e.g. Licensees must: 

• ensure that physicians performing fluoroscopic procedures 

have appropriate education and radiation safety training 

(recognized by the Regulatory Authority) to perform the 

procedures safely and, on a case basis, assess risk and 

benefits for individual patients; and 

• ensure that clinical protocols for each specific type of procedure to 

be performed are established and, with experience, modified as 

may be necessary. 
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• to assess the adequacy of accident and incident plans submitted 

by applicants in their radiation protection programme investigate 

accidents; 

• to disseminate information on accidents and incidents to 

minimise a recurrence; 

• to report significant accidents on an international level (although 

unlikely in diagnostic radiology). 

The role of the Regulatory Authority is: 

• through legislation, to require the reporting of prescribed, significant 

events;  

Regulatory Authority 
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What action should the Regulatory Authority take  

in response to a reported accident or incident? 

Review the registrant or licensee’s report of the 

cause (in conjunction with other authorities and 

government agencies, if appropriate to the 

circumstances) 
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Particularly in cases where injury (or the 

perceived risk of injury) may lead to litigation, 

determine the potential health outcomes, 

responsibility and liability for the accident or 

incident. 

What action should the Regulatory Authority take  

in response to a reported accident or incident? 
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Determine how similar accidents or incidents 

can be best avoided in future and 

recommend corrective measures. 

Accidents 

and 

Incidents 

What action should the Regulatory Authority take  

in response to a reported accident or incident? 
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Disseminate the findings of the 

investigation to all relevant clients, 

organizations and professional 

associations. 

What action should the Regulatory Authority take  

in response to a reported accident or incident? 
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Dissemination of information 

• keep the importance of radiation safety foremost in 

users’ minds and support a radiation safety awareness 

culture; 

• remind users that radiation safety is regulated and that 

they have obligations under the legislation. 

This will help: 

• alert relevant persons to potential hazards; 

The Regulatory Authority should develop a 

mechanism for periodically disseminating safety 

information to users, manufacturers, installation and 

service personnel and professional organizations. 
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Reporting Internationally 

• Radiation exposure (or other physical hazard) arising from 

a design fault should be reported to the equipment 

manufacturer and may warrant international reporting. 

Accidents and incidents in diagnostic radiology are generally 

dealt with at the local level and are unlikely to lead to radiation 

injuries of a nature that would warrant reporting at an 

international level. 
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Reporting Internationally (cont) 

• An exception might be where a patient develops or is expected 

to develop severe deterministic injuries e.g. from prolonged 

fluoroscopic imaging during interventional procedures.   

• However, such injuries are rare and the cause most likely linked 

to clinical demands and / or inadequate radiation safety training 

of the users. However, the IAEA might be a contact point if 

external expert medical assistance is required. 

Accidents and incidents in diagnostic radiology are generally dealt 

with at the local level and are unlikely to lead to radiation injuries of 

a nature that would warrant reporting at an international level. 


