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1. INTRODUCTION 
 
Computed tomography (CT) is an essential imaging modality. CT is fast, has relatively consistent image quality, is 
widely available, and can optimize the use of increasingly scarce medical resources. In short, the use of CT can improve 
diagnosis and diagnostic confidence. In support of this is the increasing prevalence of CT scanners in the Emergency 
Department. CT has gone from a virtually nonexistent role in many common clinical settings. For example, chest pain 
rule out pulmonary embolism, aortic dissection, or myocardial infarction was previously evaluated via catheter 
angiography; possible kidney stones previously underwent intravenous pyelography (IVP); rule out appendicitis was 
routinely assessed by sonography, and bowel obstruction via fluoroscopy.  CT now occupies a primary, often exclusive, 
role in such situations, and in less than a decade. While the presentation and type of disorders in children may differ, the 
same advances and trends in use apply to this population. However, CT also requires radiation exposure. Radiation 
exposure in children also has different considerations from adults. Therefore, the two fundamental issues with pediatric 
CT are that the modality is an extremely valuable diagnostic option…but with requisite radiation, and potential biologic 
effects. The difficulty is that both of these considerations must be reconciled.  
 
The following material focuses on the issue of CT radiation exposure and risk in children. This is partly because the 
benefit-side of the equation is more familiar to physicians, especially radiologists, and other allied health professionals. 
Therefore, the following discussion will be structured to address the fundamental questions: Why are we here? What has 
been done to date? And where do we need to go? Taken together, the answers to these questions will provide a landscape 
that will allow the reader to have sufficient familiarity with the topic for informed discussion with scientific and 
administrative colleagues, industry, regulatory agencies, and the public, including patients and their families. 
 

2. WHY ARE WE HERE? 
 
Radiation is the legacy of the radiology professional. Within a few years of the initial discovery, the bio-effects of x-rays 
were reported1. It is also worth noting that, with the introduction of CT in the 1970s, the need to investigate image 
quality and radiation dose, especially in children, was recognized2; therefore, the potential risk of cancer from CT 
radiation is not an issue only in the past decade of rapid technologic advancements.  However, there has been a 
reawakening that has resulted in a much more intense and global effort and optimization of dose delivery in image 
quality. What conspired to cause this reawakening? 
 
One explanation was a front page article in USAToday in January of 2001 3 that summarized three scientific publications 
in the American Journal of Roentgenology. One of these three articles dealt with the potential risks of CT radiation 4, 
another with the fact that doses in children can be quite high and techniques are not adjusted based on size 5, and a third 
offered some strategies for making pediatric CT dose more appropriate for children 6. According to Steinberg in 
USAToday “… about 1,500 of those [children who had 1 CT] will die later in life of radiation induced cancer according 
to research out today” 3. This quotation in the opening remarks was among a number of inaccuracies that betrayed 
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available refereed scientific material cited in the USAToday article which actually used terminology such as “potential”, 
and “estimated”. The article generated an immediate and intense public reaction 7 and many practices reporting parents 
refusing to have CT examinations for their children. This obviously had potential adverse effects of not performing an 
indicated examination. A positive outcome from this article, however, was the recognition by many groups, including 
radiologists, technologists, physicists, engineers, and other health professionals, regulatory bodies, national medical 
organizations, and industry, as well as the public, that the issue of CT radiation exposure in children (as well as adults) 
must be addressed. Since that time, several facts have become clearer: (1) CT use was increasing, (2) CT examinations 
resulted in a large individual, as well as collective dose, (3) CT settings were often higher than they need to be especially 
for children (i.e. there is no image quality penalty for a high radiation dose CT examinations), and (4) guidelines for 
pediatric CT were scarce.   
 
CT use has been increasing dramatically; currently (at least as of the first part of this decade) there are approximately 65 
million CT examinations performed per year in the United States8. With a US population estimate of just over 300 
hundred million, this equates to one CT examination for approximately one in five people per year with a rate of increase 
estimated to be about 10% per year. Up to 11% of all CT scans are done in the pediatric population 9. The dose from CT 
is the largest contributor to diagnostic medical radiation, estimated to be up to 67% 9,10.  Technologic advances have 
probably contributed to the increase dose as well. In the late 1980s, CT scanning was incremental where images were 
obtained every two seconds. With the availability of helical technology, now with multiple detector rows (multidetector 
CT-MDCT), scans can be done in seconds, especially in the pediatric population. This technology has, at times, appeared 
to outpace our ability to use it appropriately. Much more effort has been directed at improvements in image quality than 
at radiation dose issues. For example, CT evaluation of coronary arteries has had widespread promotion over the past 5-7 
yeas especially, but only recently has public attention been directed at the high doses including the potentially high 
breast dose, with a cancer risk quoted low as 1 in 114 11. While these estimates are debated12, this contention does not 
always reach the public sector. For pediatric body CT, with increased complexities in scanning including tube current 
modulation technology, gated cardiac scanning, and even perfusion scanning, understanding how to obtain diagnostic 
information is conceivably at the expense of minimizing optimizing radiation dose. In an extreme example of this, the 
deterministic effect of epilation was reported following neuroimaging CT13. Digital image formation, including CT, does 
not provide any penalty for excessive radiation exposures.  Dose beyond that sufficient for diagnostic quality (“over 
exposure”) does not degrade image information as with screen film technology.  Without this visual reminder, CT 
settings and resultant doses can be higher than necessary. Moreover, doses, the dose to children from CT has been high 
due to use of adult settings5. This may be because the decisions about imaging evaluation in children are more difficult. 
There may be less familiarity with pediatric disease processes, imaging techniques to evaluate these processes, and 
imaging manifestations of disease processes versus the adult population.  Most of pediatric imaging is actually 
performed by those without pediatric sub-specialization. There is also an increased level of anxiety when dealing with 
healthcare in children. For these reasons, it is reasonable to assume that the tendency would be to obtain high diagnostic 
quality, and subsequently high dose examinations. Finally, the wide availability of pediatric scanning guidelines, to help 
minimize higher-than-needed CT radiation doses in children, has been only recently promoted. 
  
While it is a widely recognized that dosing issues must be different in children in medical sub-specialties in clinical 
practice, such as with antibiotics, analgesics, or chemotherapy, this has not necessarily conveyed to pediatric CT 
scanning with radiation dose. Manufacturers, while quick to market the image quality aspect of their technical advances, 
have been less forthcoming once the equipment is installed. Often times, in the past decade or two, the comment was 
“just talk to so and so at the Children’s Hospital to see what they do”.  With MDCT, as x-ray tubes became more 
powerful, the opportunity for faster and longer duration scanning afforded new imaging options.  For example, 
angiographic evaluation of essentially the entire body (e.g. angiographic evaluation of the neck, chest, abdomen, and 
pelvis including the lower extremities in an adult) can now be performed. This was impossible with older single slice 
helical CT technology. In some ways, the earlier scanners limited the opportunity for this “panscanning” evaluation.  
While the above considerations are not exhaustive, these are some of the principle issues which have been increasingly 
recognized as attention has been more directed at radiation dose delivered by CT scanning to the population in general, 
and children in particular.  
 
What drives the increased use of CT? There are many factors, including recognized medical benefit, use by non 
radiologist, impact of industry and regulatory agencies, and media and the public perceptions.  The scientific community 
can provide data that support the medical benefit of CT examinations. However, use is not always derived from direct 
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medical benefit. A current issue both in the medical circles, as well as government, is the cause and impact of self 
referral. Discussion of this is beyond the intent of this manuscript however it is worth noting that one recent report 
demonstrated an asymmetrically increase in CT use is seen with professions outside of radiology14. Vendors will market 
the benefits for their equipment and, until the past few years, have minimized the radiation issues. Diagnostic quality was 
the thrust of prior marketing rather than image quality and dose savings, a more balanced approach; only recently has 
this balance been promoted. 
 
Increasing use would not be as much of an issue if CT radiation doses were nominal. CT provides a large individual dose 
(per examination) as well as a large collective dose, as noted above. The effective dose of CT, one way to estimate CT 
doses, will vary depending on the method of estimation (use of anthropormorphic phantoms, CT dose index – CTDI—
and dose length product – DLP – estimations, Monte Carlo modeling) and technical factors for the examination. The 
range per exam can be less than 1.0 mSv to 25-50 mSv 10. Previously, medical imaging was reported to account for about 
15% of all population exposure. Recently, Mettler and colleagues reported that CT (together with cardiac radionuclide 
imaging) now accounts for approximately 50% of the radiation exposure to the U.S. population15. Overall, CT is the 
highest contributor to dose and this will likely, given previously noted trends, exceed background exposure within one 
generation.  
 
Diagnostic imaging, including CT, is essentially low level radiation exposure (< 100 mSv). Therefore, the risks are 
stochastic and when discussing CT radiation, primarily deal with the development of cancer. There is discussion of and 
debate over potential bioeffects and bioeffect severity with low level radiation exposure. The National Council on 
Radiation Protection and Measurements (NRCP) Annual Meeting in April of 2008 dealt exclusively with this issue. One 
point often debated is whether there is a linear no threshold (LNT) relationship of radiation and the development of 
cancer. This is generally accepted by major organizations including the International Commission on Radiological 
Protection (ICRP), the NCRP, the National Cancer Institute, and the Food and Drug Administration (FDA). Most 
medical organizations also accept the LNT model and most in the radiology community ascribe to the principle that 
exposure to radiation should be minimized whenever possible in both the patient and in the workers. However, the 
attention to these details in CT scanning has been less acknowledged, perhaps because of the separation (unlike with 
fluoroscopy) between the patient and the actual individual (usually the radiologist) determining protocols. 
 
The risk of developing fatal cancer from a single CT examination is not based on a population exposed to CT; rather this 
is often based on atomic bomb data.  Data from recent reports support the notion that exposures down as low as about 50 
mSv may have significant increase risks of cancer 16. There are potential differences between acute and protracted 
exposure and the type of radiation between CT examinations and atomic bomb data. Nevertheless, it is the responsibility 
of the radiology community to see that there is no unnecessary radiation when performing medical imaging procedures. 
 
The determination of fatal cancer risk for a single CT examination will depend on many factors, including risk model 
used, age of patient, and technical factors employed.  In general, the fatal cancer risk from a single CT ranges from about 
1 in 500 to 1 in more than 10,000, with most estimates in pediatric population being 1 in 1,000 – 2,000. However, use of 
these numbers in isolation without the context of the benefit of CT from medical standpoint is discouraged. In general, if 
the potential benefit of the CT examination outweighs the risk then the examination should be performed. This does not 
mean that a CT must identify a problem to be indicated. The benefit of a normal CT in terms of reducing anxiety or 
providing guidance and further evaluation is also important. This is not always recognized by those even within the 
medical community.  
 

3. WHAT HAS BEEN DONE TO DATE? 
 

Efforts at dose management include guidelines for the appropriate use of CT and technical advancements that optimize 
CT dose during the examination. These can generally be divided into regulatory considerations (appropriateness, 
guidelines, standards), individual protocols, and technical advancements. 
 
While not exhaustive, guidelines provided by medical organizations, such as the American College of Radiology (ACR) 
(acr.org) provide opportunities to improve the use of CT in both adults and children. These include CT accreditation, 
Appropriateness CriteriaTM, and guidelines and technical standards. Another organization that has directed its initial 
efforts at CT use in children is the Alliance for Radiation Safety in Pediatric Imaging. The Alliance, representing more 

Proc. of SPIE Vol. 7258  725802-3



 

 

than 500,000 imaging experts, currently consists of approximately 35 national and international medical organizations, 
including the founding organizations of the American Association of Physicists in Medicine (AAPM), American College 
of Radiology (ACR), American Society of Radiologic Technologists (ASRT), and the Society for Pediatric Radiology 
(SPR) (Table). The first campaign of this Alliance, Image GentlyTM 17, targeted community radiologists, technologists, 
and physicists, providing information on CT, radiation, and risk in children to increase awareness, as well as offering 
guidelines for performance of brain and body CT in this population. 
  
In addition to these organizational efforts, individual publications and institutional information on pediatric CT 
techniques and protocols has increased over the past decade. One such technique a unique color-coded system for 
pediatric body CT protocols, resulted in less errors, potentially resulting in unnecessary radiation exposure, in the 
pediatric population 18. 
 
Major technical changes have resulted in decreased radiation dose in the past decade or so. These include automatic tube 
current modulation 19,20 with resultant reductions in dose to children ranging up to 43% 21. Penumbra collimation 
technology (which reduces the unused portion of the tail of the beam outside of the scan range), more efficient detectors, 
and new scan data processing such as iterative reconstruction (IR) can shift the balance towards image quality and away 
from radiation dose and potential bioeffects. Another technical advancement is in-plane surface shielding, generally of 
the breast, thyroid, and eyes. While there is some debate over the benefit of this technology versus simply reducing tube 
current22, most current pediatric data support the use of this technology in reducing surface dose without substantially 
impacting image quality 23,24. For example, in one recent publication, there was a 52% reduction in breast dose in a 5 
year-old anthropomorphic phantom using a combination of bismuth shielding and tube current modulation (24). 
 
As always, further education for both radiologists as well as with non-imaging healthcare providers will potentially 
impact on appropriate CT use in children and adults. While the factors responsible for any change in practice may be 
difficult to identify, the fact that change has occurred is encouraging. For example, in a recent presentation at the 2008 
Radiological Society of North America (RSNA) Annual Meeting, investigators from Children’s Hospital Medical Center 
in Cincinnati, and Children’s Hospital of Philadelphia (CHOP) reported total imaging volumes for the years 2003-2007. 
In these years, the total volume analyzed growth rate was 9.9% for MR imaging, 9.2% for sonography, and 1.7% for CT. 
In the years 2006-7, there was, in fact, a decline of 3.5% in CT use 25. In addition, a recent report concludes that there has 
been a significant decline in tube current for both chest and abdomen scanning, as well as kVp for chest and abdomen 
scanning by members of the SPR between periods of 2001 and 2006 in children up to 16 years of age 26 (Figure). 
 

4. WHERE DO WE NEED TO GO? 
 
The first commitment that needs to be made is recognizing that the issues related to CT, radiation, and children are a 
collective responsibility. This responsibility must be shared between radiologists, other healthcare providers, 
technologists, physicists, engineers, epidemiologists, radiation biologists, the manufacturing sector, regulatory groups, 
administration, and the media and public.  Unless all individuals assume a role, efforts will not move forward at a 
sufficient pace, or at all.  There are several current needs.  Appropriate dose estimations for pediatric CT scanning are 
lacking. Better dose indices such as CTDI and DLP for children would be of value. This was a topic of a recent vendor 
summit in Cincinnati, organized by the Alliance for Radiation Safety in Pediatric Imaging 27. While there was consensus 
at this conference that better dose indices for pediatric CT were important, it was also recognized that changes will need 
the support  of various regulatory agencies (i.e. International Electrotechnical Commission –IEC—and the FDA), 
underscoring the need for the type of cooperation highlighted above.  In addition, there needs to be consistent displays of 
dose indices on scanners between vendors so that users can more easily estimate doses resulting from their protocols. 
More refinements in estimations of actual risks from radiation should be pursued.  Current weighting factors used for 
various organs and tissues by the ICRP do not adjust for pediatric sensitivities. Advances should be made at more 
clinical useful dose estimations for CT examinations 28, including organ specific dose estimations 29 which afford 
improved risk assessment than with effective dose alone. Manufactures should also consider providing scanner-based 
dose warnings when settings may exceed standards of care. Efforts should continue at archiving doses for individual 
patients.  This not only include PACS systems but conceivably an electronic medical record for individuals. Some efforts 
at least at an initial dose record for pediatric individuals are ongoing through the Alliance for Radiation Safety in 
Pediatric Imaging with the recent promotion of a pediatric CT examination record 30. Along these lines, once dose 
records have been established, strategies to review and address individual patient dose records should ensue 31. Further 
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technical advancements must be encouraged through manufactures such as recent development of reduction of tube 
current when the tube is directly over sensitive areas 32. Finally, and as or more important than the prior, resources 
should be directed at evidence-based use of CT to help determine when CT is appropriate.    
 

5. CONCLUSIONS 
 

CT radiation exposure of both children and adults is one of the most pressing issues in medical imaging. This is due to 
increasing CT use, the individual and collective radiation doses that can result from CT, and the potential radiation risks.  
Currently, there have been measures taken to optimize radiation exposure and image quality, but there are remaining 
needs for appropriate CT indication and performance, as well as dose assessment.  Addressing these needs is a collective 
mandate which will serve to protect the welfare of our children while continuing to provide valuable imaging 
information. 
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7. TABLE 
 

Alliance for Radiation Safety in Pediatric Imaging 
 
Founding Organizations: 

The Society for Pediatric Radiology  
American Association of Physicists in Medicine  
American College of Radiology  
American Society of Radiologic Technologists  

 
Alliance Organizations: 

Academy of Radiology Research  
American Academy of Pediatrics  
American Institute of Ultrasound in Medicine  
American Osteopathic College of Radiology  
American Registry of Radiologic Technologists  
American Roentgen Ray Society  
American Society of Emergency Radiology  
American Society of Head and Neck Radiology  
American Society of Pediatric Neuroradiology  
Asian-Oceanic Society for Paediatric Radiology  
Association of University Radiologists  
Canadian Association of Radiologists  
Canadian Interventional Radiology Association  
Coalition for Imaging and Bioengineering Research  
College of Radiology, Academy of Medicine of Malaysia    
Conference of Radiation Control Program Directors  
European Society of Paediatric Radiology  
National Council on Radiation Protection and Measurements  
North American Society for Cardiovascular Imaging  
Radiological Society of North America.  
The Royal Australian and New Zealand College of Radiologists  
Society of Interventional Radiology  
Sociedad Latino Americana de Radiología Pediátrica  
Society for Pediatric Interventional Radiology  
Society of Computed Body Tomography and Magnetic Resonance  
Society of Gastrointestinal Radiologists  
The Society of Nuclear Medicine  
The Society of Nuclear Medicine - Technologist Section  
Society of Radiologists in Ultrasound  
Society of Uroradiology  
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8. FIGURE 

 Figure 
2:  Mean tube current used by Society for Pediatric Radiology members for abdominal MDCT compared to 
2001. Results were statistically significant (p < .001) for all age ranges. Borrowed with permission (26) 
American Roentgen Ray Society.   
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