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ABSTRACT 

 
Radiation protection professionals in medical facilities and practices are being 
challenged by new imaging technologies that use x-rays or radioactive materials. 
These include faster computerized tomography (CT) scanners, new interventional 
techniques that use extended fluoroscopy time, increased use of positron emission 
tomography (PET), and digital imaging techniques. More frequently these 
technologies are being fused into a single procedure, such as combined CT and PET 
scanning. Radiation Protection professionals are challenged to (1) be aware of 
developing technologies and clinical techniques, (2) analyze the potential radiation 
risks to patients and staff, (3) initiate necessary radiation safety training for medical 
staff, and (4) be involved in planning, dose measurement and optimization of the 
procedure to achieve appropriate dose control and ALARA. 
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INTRODUCTION 
 

     The radiation protection professional is confronted with some issues and challenges in medical 
radiology and nuclear medicine that require interaction and cooperation with our colleagues in 
medicine to raise awareness and improve radiation protection for both medical staff and patients. Dr. 
Henry Royal stated in 1999, “Due to the increase in the number of medical procedures using 
radiation, particularly to guide interventional procedures, it is likely that the effective dose from 
medical procedures has increased significantly since the last NCRP report (1992) on this subject.” 1) 
This quote from Dr. Royal, a radiologist and member of the National Council on Radiation Protection 
and Measurement in the U. S. (NCRP) shows why it is important to be concerned about the present 
status of radiation protection in medicine. Table 1 substantiates his statement. 
 

Table 1. Comparison of the number of procedures and the collective dose for various 
radiological procedures in 1980 and 2006 in the U. S. 

 
 Number of 

Procedures 
(million) 

Collective 
Effective Dose 
(person-Sv) 

 1980 2006 1980 2006 
Radiography 180  310 92,000 175,000 
CT    3.3   67   3,700 440,000 
Nuclear    7.4   19 32,000 220,000 
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Medicine 
Interventional    10    90,000 

 
It is important for medical personnel to be concerned about the increasing effective dose from 
medical procedures because radiation protection is based on effective dose, i.e. the measure of dose 
to the individual that has been related to the long-term deleterious effects of radiation. Two 
statements from the NCRP and ICRP are relevant. 
 
     The NCRP in Report No. 116 (1993) stated, “for radiation-protection purposes, the risk of 
stochastic effects is proportional to dose without threshold, throughout the range of dose and dose 
rates of importance in routine radiation protection.” 2) The NCRP continues to take this position in 
spite of continuing controversy over the possible effects of radiation at low doses (near natural 
background). 
 
      The ICRP Draft Recommendations (2007) state, “At radiation doses below 100 mSv in a year, the 
increase in incidence of stochastic effects is assumed by the Commission to occur with a small 
probability and in proportion to the increase in radiation dose over the background dose. Use of this 
so-called linear non-threshold (LNT) model is considered by the Commission to be the best practical 
approach to managing risk from radiation exposure. The Commission, therefore, recommends that 
the LNT model, combined with a dose and dose rate effectiveness factor (DDREF) for extrapolation 
from higher doses, remains a prudent basis for radiological protection at low doses and low dose 
rates.” 3) 
 
      Technological innovation in health care presents the potential for unnecessary and excessive 
doses in diagnostic radiology and nuclear medicine. Because of these new technologies there is a 
desire to use radiation for more procedures. In addition, equipment available today for imaging can 
produce very high dose rates. Digital imaging in particular can result in good images, almost 
independent of exposure. Consequently, radiation exposure from diagnostic procedures comprises a 
large proportion of the population collective dose and presents a great opportunity for better 
optimization (ALARA).  
 
     The desire for high quality diagnostic images and for satisfactory protection of patients and staff 
presents a challenging opportunity for cooperation between medical and radiation protection 
professionals. Clinical judgment and good radiation protection practice create a tension that needs to 
be resolved for better optimization. 
 
     This paper highlights some of the areas in which radiation protection for patients and staff present 
real challenges. Specific techniques and concerns are: 
• Computed Tomography, especially dose to children. 
• Positron Emission Tomography procedures and the related protection of Nuclear Medicine 
staff and the public. 
• Interventional Radiology, which can result in high doses to medical staff and skin trauma for 
the patient. 
The intent is to stimulate interest in finding ways to provide outstanding medical care while still 
providing the best radiation protection for the patient and involved staff. 
 

COMPUTED TOMOGRAPHY 



The Second All African IRPA Regional Radiation Protection Congress 22-26 April 2007 Ismailia Egypt 
 

 155

 
 CT is the greatest single contributor to patient dose in the U.S. It currently accounts for about 70 
% of the collective effective dose from diagnostic x-ray procedures. In part this may be because 
overexposure is not readily apparent with a digital CT image. However, there is a trend to scan more 
patients and to image larger portions of the body with the newer, faster scanners. 
  
 A great concern is that many abdominal and head CT examinations are performed in children 
under the age of 15 years. There may be a tendency to scan all patients using the scanner settings 
appropriate for a standard adult. This will lead to much higher doses for children and other small 
patients. However, technique factors should be appropriately adjusted for patient size. Tube current 
can be modulated to account for body geometry and angle of view. Technologists must be adequately 
trained to understand how the settings can affect both the image and the dose to the patient. 
 
 Manufacturers can also introduce technological advances that will reduce the patient dose and 
maintain good image quality. For example, constant intensity at the detector could reduce patient 
dose by 10 – 45 %. 
 
 Health physicists and medical physicists must be actively involved in staff training to ensure that 
good judgment is used during imaging procedures and that quality control programs are put in place. 
Physicists, working with the medical staff can also devise additional methods to reduce patient dose 
while maintaining image quality. 
 

POSITRON EMISSION TOMOGRAPHY 
 

 The radionuclides used for PET scanning have short half-lives. Consequently large quantities of 
radioactive material must be handled and injected. In addition, the annihilation photons at an energy 
of 0.511 MeV are more difficult to shield than are the usual photon emissions from 
radiopharmaceuticals. These two factors can result in higher radiation doses to the medical staff, 
patient and the public. Special consideration must be given to shielding the administration and 
waiting areas for patients being prepared for PET scans. 
 
 Mobile nuclear medicine scanners are also being used. This can introduce additional challenges 
in the protection of the public and control of radioactive materials in public places. 
 

INTERVENTIONAL RADIOLOGY 
 

 Interventional radiology is an area for real concern about doses to patients and acute effects of 
radiation, as well as doses to the staff. Technological improvements are resulting in the desire to use 
these techniques in new procedures and outside of traditional radiology departments. Interventional 
procedures can result in less surgery and fewer long hospitalizations. 
 
 Technological advances always lead to increased expectations for success and the desire to make 
the service more widely available in order to access more needy patients. However, for these complex 
procedures more attention is given to the process and less attention may be given to the radiation 
exposure. 
 
 A number of factors can complicate and interfere with radiation protection. More complex 
procedures may require longer exposure times, thus increasing the possibility for high radiation doses 
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to both the patient and the staff. In some cases equipment designed for other imaging procedures may 
be used inappropriately. At times protective equipment may interfere with the procedure and be 
bypassed or disregarded. 
 As an example, typical radiation doses to the skin from fluoroscopy can range from 10 to 100 
mGy/min, and for image acquisition from 0.10 to 5.0 mGy/frame. Many procedures involve one hour 
of fluoroscopy on time and hundreds of acquisitions. This can result in a cumulative skin dose in the 
range from 600 to 6000 mGy. 
 
 These doses can, of course, lead to subsequent effects such as epilation, erythema and serious 
skin damage. This potential needs to be recognized and communicated to the patient and to the 
referring physician. The health physicist can have an important role in the dose assessment and 
appropriate communication 
 
 For any interventional procedure, proper planning of the procedure and anticipation of the results 
is important. The health or medical physicist can assist with this planning effort by estimating the 
potential skin dose for the planned procedure. The plans and expected complications must be clearly 
communicated to the patient and to the primary care physician so that complications, if they occur, 
are promptly and correctly diagnosed. 
 
 The requirements for a procedure may mean that a skin injury could be considered a normal 
complication required by the patient’s pathology. This should be anticipated and accepted in advance 
and communicate to the patient and the referring physician. Almost all cases of injury reported to 
date, however, have not been the result of such planning. 
 

WHAT NEEDS TO BE DONE 
 

 The radiation protection professional working in the field of medical radiological imaging must 
know what affects patient dose and image quality and optimize all the imaging systems and 
procedures. He or she must help to improve communication with the imaging practitioner, be 
involved in planning the procedures, and assist in informing patients of potential radiation effects 
.  
 Patient doses should be measured to assess the approach to the threshold for deterministic effects 
associated with interventional procedures,  and to maintain doses ALARA for stochastic effects. Staff 
must be trained in the proper radiation safety techniques and good quality control. 
 

SUMMARY AND CONCLUSIONS 
 

 Radiological procedures such as CT, PET and interventional are increasing in frequency. 
Technical and clinical developments in CT have not led to general reductions in dose per exam. 
Patients are experiencing radiation-induced skin injuries from interventional procedures. 
Occupational doses to staff may also be increasing. In the U. S. there appears to have been an 
increase of about 7 % between 2003 and 2005. 
 
 Health Physicists and Medical Physicists are challenged to: 
• Be aware of developing technologies and clinical techniques. 
• Analyze the potential radiation risks to patients and staff. 
• Initiate necessary radiation safety training for medical staff. 
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• Be involved in planning, dose measurement and optimization of the procedure to achieve 
appropriate dose control and ALARA. 
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