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In recent years, use of computed tomography (CT) 
has increased dramatically. Increased dose from 
radiography, and CT in particular, has led many 
physicians and patients to question the cancer risks 

and overall safety of modern imaging. It is essential for 
radiologic technologists to be properly trained and cer-
tified in CT and to understand technical factors and 
how they are related to radiation dose and image quali-
ty. Keeping radiation doses as low as reasonably achiev-
able (ALARA) and maintaining clear communication 
with the patient is essential to produce quality images 
and reduce radiation exposure. In addition, physicians 
must receive proper training in radiation safety to fol-
low through on their promise to “do no harm.” The 
health care team has the opportunity and responsibility 
to improve the lives of patients, which includes elimi-
nating unnecessary radiation dose.

CT has changed the way health care is delivered over 
the past 40 years. The need for exploratory surgery has 
been dramatically reduced and countless lives have been 
saved because of information gained from CT scans. 
Quick image acquisition using CT has allowed doctors 
to discover life-threatening conditions in a matter of sec-
onds. It is an invaluable tool that has improved the lives 
of thousands of patients. 

However, many consider this technology to be a 
double-edged sword; in recent years some have raised 
concerns that CT is being overused. In busy emergency 
departments, CT is the modality of choice, even when 

ultrasonography or a magnetic resonance scan might be 
more suitable and safer for the patient. 

Radiation Risks 
Radiation doses vary widely because of factors such 

as body habitus, pathophysiology, scanning protocols, 
and technical factors. Although some of these factors 
are out of the radiologic technologist’s control, CT 
radiation dose can be reduced. In 2009, the U.S. Food 
and Drug Administration (FDA) raised concerns about 
excessive exposure from CT imaging and urged clini-
cians and manufacturers to implement protocols to 
reduce radiation dose.1 

Ionizing radiation causes damage at the cellular 
level. When x-ray photons pass through human tissue, 
ion pairs are formed. Interaction between ionic pairs 
and DNA can cause irreversible damage to the DNA. 
Damage from radiation also can occur through direct 
contact between x-ray photons and the DNA bonds 
within the nucleus.2 A 2009 study from the National 
Cancer Institute estimated that CT scans performed 
in 2007 will cause a projected 29 000 cancer diagnoses 
and 14 500 untimely deaths for those exposed to exces-
sive radiation. A British study tracked children who 
received multiple CT scans and concluded that these 
children were 3 times more likely to develop leukemia 
and brain cancer in their lifetime.3 

A 2007 survey of emergency department physicians 
found that 91% significantly underestimated radiation 
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dose from CT scans. Many ordering physicians have 
little or no training regarding radiation exposure in 
medical imaging, which contributes greatly to patient 
radiation exposure. Many physicians order CT scans 
before seeing the patient, and rarely does the radia-
tion dose factor into their decisions. In many cases, 
nurse practitioners and physician assistants order CT 
scans without hesitation.5 These practices and lack of 
knowledge have contributed to the widespread use of 
CT even when nonionizing alternatives exist. In fact, 
CT has begun to replace conventional radiography as 
the standard diagnostic examination.4 In 1980, 3 mil-
lion CT scans were performed in the United States. By 
2005, that number had risen to 60 million.5 Often, fear 
of medical error is considered reason enough to order 
a CT scan. Physicians should receive proper training 
in medical school about the risks of excessive radia-
tion exposure. The potential benefit of such training to 
patient safety is significant. 

The trend of ordering excessive CT scans is alarm-
ing: according to the National Council on Radiation 
Protection & Measurements (NCRP), the dose from a 
single CT scan can be 100 to 1000 times higher than a 
routine radiograph.3 Although most radiologists agree 
that a diagnosis can be made without an additional non-
contrast CT scan in most cases, The Washington Post 
reported that nearly 1 in 6 hospitals in Virginia still per-
formed double scans.6 Eliminating this practice except 
in rare instances can cut a patient’s radiation dose by 
half and reduce costs. Standardization of CT protocols 
is key to eliminating unnecessary radiation and ensur-
ing that patients receive the most appropriate imaging 
examination.

Standardization of Protocols
The American Association of Physicists in Medicine 

(AAPM) has been instrumental in the effort to stan-
dardize CT protocols. Creating guidelines that can be 
implemented in all medical facilities can ensure patient 
safety. The AAPM has appealed to Congress to cre-
ate regulations to ensure Americans receive the most 
appropriate test and at the lowest radiation dose pos-
sible. The AAPM also is leading the campaign to ensure 
that all imaging centers and hospitals are accredited.7 
Along with the AAPM efforts, the FDA’s Initiative to 

Reduce Unnecessary Radiation Exposure from Medical 
Imaging stresses the need for standardization in optimal 
patient dose. Unnecessary radiation can come from 
using higher than normal radiation doses to produce 
better images, but these better images are not always 
necessary to make an accurate diagnosis. However, if 
the dose is too low, the resulting images might not be 
diagnostic, which could result in additional imaging 
and increased dose. 

The FDA has raised concerns over the variation in 
radiation dose observed across several facilities in the 
San Francisco Bay area. Variations in dose demonstrate 
the need for dose optimization and standardization, 
especially when imaging children. The FDA, AAPM, 
NRCP, and the American College of Radiology (ACR), 
are working together to establish nationally recognized 
diagnostic reference levels (DRL) for CT.8 A DRL is 
an effective method for minimizing dose and vari-
ance between facilities at a minimal cost to radiology 
departments. It also serves to make technologists more 
aware of the radiation dose they deliver. With DRLs, 
technologists are more equipped to answer patients’ 
and physicians’ questions about dose.9 In addition, the 
ACR and the American College of Cardiology have 
developed a guide for ordering physicians called the 
Appropriate Use Criteria. This is an important tool 
physicians can use to decide which imaging modality is 
the most appropriate. 

Oversight of medical devices is another crucial 
component of standardization. The National Electrical 
Manufacturers Association Standard XR-29-2013 (also 
known as the MITA SmartDose Standard) requires 
manufacturers to equip CT scanners with safeguards. 
Safeguards include a display and record of radiation 
dose and the capability to alert the technologist if the 
dose exceeds the recommended reference value.1,9 
Preloaded adult and pediatric scan protocols allow the 
technologist to follow a standard process, and automatic 
exposure control functions are an integral component.1

Radiation Safety and Awareness
Dose is influenced by several parameters controlled 

by the technologist, including scan time, milliampere  
seconds, kilovoltage peak, slice thickness, anatomical  
coverage, and pitch. Employing safe imaging par- 



346 RADIOLOGIC TECHNOLOGY, January/February 2016, Volume 87, Number 3

Focus on Safety
Promoting Radiation Safety Protocols in Computed Tomography

ameters is the responsibility of the CT technologist1; it 
is crucial that he or she understands the relationships 
between imaging parameters to properly implement 
ALARA in each examination. Scan parameters must 
be adjusted according to patient size. Smaller patients 
should have milliampere seconds reduced. Providing 
technologists with a set of guidelines for milliampere 
seconds selection as a function of patient size would be 
helpful. In addition, cardiac CT dose can be reduced 
dramatically if the milliampere seconds are reduced 
during the suboptimal phase of the cardiac cycle in a 
gated examination.10 

The AAPM, the Society for Pediatric Radiology, 
the ACR, and the American Society of Radiologic 
Technologists (ASRT) have made it their mission to 
increase awareness and reduce radiation dose to chil-
dren through the Image Gently campaign. In addition, 
the Image Wisely campaign aims to ensure appropriate 
imaging by educating physicians who order medical 
imaging examinations. The Image Wisely campaign 
also is instrumental in providing patients with accurate 
information and an imaging record card developed in 
partnership with the FDA.7 

Lead shielding is the simplest way to reduce expo-
sure during diagnostic imaging and should be applied 
anteriorly and posteriorly because of the rotational 
nature of CT scanning. Bismuth shields can be used in 
the scan field of view to reduce radiation to the breast, 
thyroid, and the lens of the eye. It is crucial to obtain 
the localizer CT radiograph before applying bismuth 
shielding. The scout image, which estimates patient 
attenuation, will respond to shielding by increasing mil-
liampere seconds if shielding is applied before the scout 
image is taken.11 Breast tissue is highly radiosensitive, 
and studies have shown female atomic bomb survivors 
had a greater risk of developing breast cancer.12 Young 
women who have undergone radiographic examinations 
for scoliosis also have shown an increased incidence of 
breast cancer.12 Studies also have shown that in-plane 
bismuth shielding can reduce radiation dose to breast 
tissue by up to 37%.12 Radiology departments should 
develop their own mandates regarding shielding. 

Effective communication with the patient is an 
important step in reducing radiation dose. Poor com-
munication can result in adverse outcomes, contribute 

to confusion, and create an unpleasant experience for 
the patient.13 Anxious or confused patients might not 
follow instructions, which could result in the need for a 
repeat scan. Obtaining a detailed medical history before 
an imaging examination can reveal contraindications 
and prevent medical errors, especially when admin-
istering intravenous contrast agents. In 2009, the 
Pennsylvania Patient Safety Authority reported that 
patient misidentification accounted for 30% of radiol-
ogy adverse events.14 This is due in part to the chal-
lenges of electronic medical records and digital imaging 
services that display images and report instantly before 
errors might be realized.14 In a busy CT department, 
it is crucial that a strict set of guidelines be followed 
to avoid these errors. These guidelines should include 
a time out to verify the correct patient, procedure, lab 
values, allergies to intravenous contrast agents, and pur-
pose of the examination. In addition, staff must verify 
the anatomical area of interest and the correct timing 
for bolus tracking. Patients must be informed of the 
possible harmful effects of radiation, especially in non-
emergency situations. 

Researchers from the University of Washington 
School of Medicine in Seattle performed a study on 
235 patients at a large academic medical center from 
February 2011 to December 2011. They found that 
34% of patients were not aware that CT imaging 
exposed them to ionizing radiation. Of the 154 patients 
who knew they were exposed to radiation, 85% under-
estimated the amount of radiation they received. Only 
5% understood that CT imaging would increase their 
lifetime risk of cancer. This study suggests that most 
patients do not have enough education about ionizing 
radiation to make informed decisions about undergo-
ing medical imaging. Also, some patients might not be 
able to reasonably assess the potential risks and ben-
efits, even with an explanation by an informed practi-
tioner.15

Solutions
Steps must be taken to protect patients from exces-

sive radiation. A survey of 435 emergency department 
physicians showed that 97% admitted to ordering 
CT scans that were not medically necessary because 
of the threat of possible lawsuit.16 A “safe harbor” law 
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essential, and transparency regarding radiation dose 
should be mandatory. Employing safety regulations 
and standards might reduce future cancer diagnoses 
and reduce health care spending.

Leslie Ann Bell, R.T.(R)(CT), is a computed tomography 
technologist for Bert Fish Medical Center in New Smyrna 
Beach, Florida.

References
1. Demaio DM. A standard for CT radiation dose: significant 

upgrades required. ASRT Scanner. 2015;47(3):22.
2. The CT Registry Review Program. Medical Imaging 

Consultants Web site. http://www.micinfo.com/courses 
/ctrrp/index.xml?ss=course_detail. Published 2004. 
Accessed September 17, 2015.

3. Redberg RF, Smith-Bindman R. We are giving ourselves can-
cer. The New York Times. http://www.nytimes.com 
/2014/01/31/opinion/we-are-giving-ourselves-cancer 
.html?_r=0. Published January 31, 2014. Accessed August 31, 
2015.

4. Martino S, Reid J, Odle TG. Computed tomography in the 
21st century: changing practice for medical imaging and  
radiation therapy professionals [white paper]. http://www 
.asrt.org/docs/default-source/whitepapers/asrt_ct_consensus 
.pdf?sfvrsn=2. Published 2008. Accessed September 17, 2015. 

5. Amis ES, Butler PF, Applegate KE, et al. American College 
of Radiology white paper on radiation dose in medicine. J Am 
Coll Radiol. 2007;4(5):272-284. doi:10.1016/j.jacr.2007 
.03.002.

6. Appleby J, Jordan R. Many hospitals overuse double CT 
scans, data show. The Washington Post. http://www.washing 
tonpost.com/national/health-science/many-hospitals-over-
use-double-ct-scans-data-shows/2011/06/16/AGvpTAaH 
_story.html. Published June 18, 2011. Accessed August 31, 
2015.

7. CT scans are an important diagnostic tool when used appro- 
priately. American Association of Physicists in Medicine Web 
site. http://www.aapm.org/publicgeneral/CTScans 
ImportantDiagnosticTool.asp. Published June 7, 2012. 
Accessed August 31, 2015. 

8. Seeram E, Brennan PC. Diagnostic reference levels in radiol-
ogy. Radiol Technol. 2006; 77(5):373-382.

9. Initiative to reduce unnecessary radiation exposure from 
medical imaging. U.S. Food and Drug Administration Web 
site. http://www.fda.gov/Radiation-EmittingProducts 
/RadiationSafety/RadiationDoseReduction/. Updated 
March 24, 2015. Accessed August 31, 2015.

would protect physicians from lawsuits so long as they 
were following evidence-based guidelines. In addition, 
hospitals could provide feedback to their emergency 
department physicians about the number of advanced 
imaging examinations they are ordering compared to 
their colleagues.16 

Clinical decision support is necessary to help physi-
cians choose the most appropriate test for each patient. 
Having emergency department physicians consult with 
a radiologist also could decrease the number of CT 
scans ordered. In many cases, a radiologist might prefer 
magnetic resonance imaging, sonography, or routine 
radiographs over a CT scan. 

In addition, the radiologist must decide on the 
most appropriate scanning protocols and methods of 
radiation protection. Although the FDA has played an 
instrumental role in creating guidelines for CT scan-
ners, no regulatory oversight for how they are used 
exists.3 Further regulation of the modality is critical. 

Prior authorization for CT scans might be a neces-
sary component of legislation to reduce the number of 
unnecessary scans. Prior authorization for advanced 
imaging services is widely used by private insurance 
companies but has not been adopted by Medicare.17 

Patients also need to play an active role in their 
health care decisions and should be educated regarding 
the radiation dose of CT scans. Physicians must take 
time to discuss risks and benefits with their patients 
and alternatives to CT scanning. Patients also should 
be provided with a card to record their medical imag-
ing history and a CD of the examination’s results when 
possible. 

Conclusion
CT is an invaluable tool that has revolutionized 

health care. However, physicians, imaging profes-
sionals, and patients must be aware of the cancer risk 
associated with overuse of this modality. Research 
clearly shows a link between radiation exposure and 
cancer.12 Radiologic technologists must be diligent to 
do no harm to patients and apply ALARA principles 
to each and every examination. Physicians base their 
imaging decisions on what is in the patient’s best inter-
est, and they must be educated about the risks of CT 
to make that decision. Education in radiation safety is 

http://www.micinfo.com/courses/ctrrp/index.xml?ss=course_detail
http://www.micinfo.com/courses/ctrrp/index.xml?ss=course_detail
http://www.asrt.org/docs/default-source/whitepapers/asrt_ct_consensus.pdf?sfvrsn=2
http://www.asrt.org/docs/default-source/whitepapers/asrt_ct_consensus.pdf?sfvrsn=2
http://www.asrt.org/docs/default-source/whitepapers/asrt_ct_consensus.pdf?sfvrsn=2
http://www.fda.gov/Radiation-EmittingProducts/%20RadiationSafety/RadiationDoseReduction/
http://www.fda.gov/Radiation-EmittingProducts/%20RadiationSafety/RadiationDoseReduction/


348 RADIOLOGIC TECHNOLOGY, January/February 2016, Volume 87, Number 3

Focus on Safety
Promoting Radiation Safety Protocols in Computed Tomography

10. American Association of Physicists in Medicine. The mea-
surement, reporting, and management of radiation dose in 
CT. https://www.aapm.org/pubs/reports/ RPT_96.pdf. 
Published January 2008. Updated April 3, 2008. Accessed 
August 31, 2015.

11. American Association of Physicists in Medicine. AAPM posi-
tion statement on the use of bismuth shielding for the purpose 
of dose reduction in CT Scanning. https://www 
.aapm.org/publicgeneral/BismuthShielding.pdf. Published 
February 7, 2012. Accessed January 6, 2015.

12. Colletti PM, Micheli OA, Lee KH. To shield or not to shield: 
application of bismuth breast shields. AJR Am J Roentgenol. 
2013;200(3):503-507. doi:10.2214/AJR.12.9997.

13. Brusin JH. Reducing errors in radiology. Radiol Technol. 
2014;86(1):61-78.

14. Applying universal protocol to improve patient safety in  
radiology services. Pa Patient Saf Advis. 2011;8(2):63- 
69. http://patientsafetyauthority.org/ADVISORIES 
/AdvisoryLibrary/2011/jun8(2)/Pages/63.aspx. Accessed 
August 31, 2015. 

15. Busey JM, Soine LA, Yager JR, Choi E, Shuman WP. Patient 
knowledge and understanding of radiation from diagnostic  
imaging. JAMA Intern Med. 2013;173(3):239-241. 
doi:10.1001/2013.jamainternmed.1013. 

16. Thompson D. Malpractice fears spurring most ER docs to 
order unnecessary tests. Healthday Web site. http://consum 
er.healthday.com/mental-health-information-25/behavior-
health-news-56/malpractice-fears-spurring-most-er-docs-to-
order-unnecessary-tests-697688.html. Published March 24, 
2015. Accessed August 31, 2015. 

17. Kendall D, Quill E. Reduce unnecessary radiological exams. 
Third Way Web site. http://www.thirdway.org/report 
/reduce-unnecessary-radiological-exams. Published January 
21, 2014. Accessed March 23, 2015.

https://www.aapm.org/pubs/reports/%20RPT_96.pdf
https://www.aapm.org/publicgeneral/BismuthShielding.pdf
https://www.aapm.org/publicgeneral/BismuthShielding.pdf
http://www.thirdway.org/report/reduce-unnecessary-radiological-exams
http://www.thirdway.org/report/reduce-unnecessary-radiological-exams

