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After completing this article, readers should be able to:
	Describe international advisory groups that have studied and created radiation  

protection standards.
	Summarize the function of the various federal and state agencies that standardize  

radiation protection practices.
	Discuss the federal laws and regulations that govern fluoroscopy and radiation protection  

of patients and personnel.
	Explain the significance of the CARE (Consistency, Accuracy, Responsibility and Excellence  

in Medical Imaging and Radiation Therapy) bill in relation to radiation safety practices. 
	Describe various radiation dose reduction practices in fluoroscopy.
	Discuss the regulation and education of fluoroscopy operators.
	Discuss various radiation safety awareness campaigns and their audiences.

Fluoroscopy is used in a 
variety of different settings, 
including operating 
rooms, interventional 
departments, cardiac 
catheterization suites, 
pain management clinics 
and orthopedic centers. 
Fluoroscopic procedures 
can expose patients and 
personnel to high levels of 
radiation, an area of public 
and regulatory concern. 
Radiologic technologists, 
radiologist assistants 
and other professionals 
operating fluoroscopic units 
or assisting in fluoroscopic 
procedures are legally 
and ethically responsible 
for operating equipment 
safely and taking proper 
radiation protection 
measures. One way of 
fulfilling this responsibility 
is to understand the federal 
and state regulations 
regarding fluoroscopy and 
to be conscious of public 
awareness initiatives 
concerning radiation 
exposure during medical 
imaging procedures. 

Marlene Johnson, MEd, R.T.(R) 

Fluoroscopy:  
Regulation and 
Radiation Protection

International, federal and state agencies 
have been involved in establishing 
radiation protection practices since 
the early 1900s.1 Over time, excessive 

radiation from appliances such as televi-
sions and microwave ovens has become a 
thing of the past, and regulatory agencies 
have turned their focus on equipment that 
produces ionizing radiation and reducing 
the radiation dose from that equipment.1 
The United States works in conjunction 
with numerous international organiza-
tions to protect the public and radiation 
workers from the effects of ionizing radia-
tion.2-5 Statutory rules have been estab-
lished for nuclear power plants, radionu-
clide management, the manufacture of 
electronic products and the handling of 
nuclear contamination.2,6 With respect to 
medical imaging equipment, design stan-
dards have been established at the nation-
al level, but medical imaging personnel 
are licensed primarily by the individual 

states.4,7,8 Today, medical imaging equip-
ment is capable of emitting higher levels 
of radiation for longer periods of time and 
is used by a variety of  practitioners on 
more patients for different types of proce-
dures.1 For the most part, f luoroscopy 
operators can be assured that their equip-
ment meets federal and state regulations if 
there is an inspection sticker on the radio-
graphic unit. Medical imaging personnel 
who operate f luoroscopy units are ethical-
ly and legally responsible for using equip-
ment safely and for minimizing radiation 
exposure. In addition, f luoroscopy opera-
tors and other staff involved in f luoro-
scopic procedures should be qualified 
under the national and state regulations. 

Organizations and Agencies
Congressional acts or state mandates 

have established radiation exposure limits 
and equipment specifications based on 
international recommendations,7,9-11  and 
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regulations and recommendations not only in the United 
States and Canada but also in other countries.11

Established in 1925, the International Commission 
on Radiation Units and Measurements (ICRU) ensures 
consistent reporting of data and information on radiation 
risks and protection. The ICRU primarily deals with radi-
ation quantities, units and measurement techniques, and 
is responsible for the development of radiation units such 
as the sievert, gray and roentgen per kilogram.11

The United Nations Scientific Committee on the 
Effects of Atomic Radiation (UNSCEAR) provides 
information to the ICRP for evaluation. UNSCEAR 
develops radiation risk assessments from epidemiologi-
cal data and research, and issues reports concerning the 
risks associated with radiation.9,11

The World Health Organization (WHO) is a spe-
cialized agency of the United Nations. WHO acts as a 
coordinating authority for health concerns within the 
United Nations system, providing leadership on global 
health issues.12 

The International Atomic Energy Agency (IAEA) is 
an international organization that seeks to promote the 
peaceful use of nuclear energy and to inhibit its use for 
military purposes.13

Federal Organizations
In the United States, a number of organizations func-

tion as advisory groups or regulatory agencies for radia-
tion protection standards, including the: 
 Nuclear Regulatory Commission (NRC).
 National Council on Radiation Protection  

and Measurements (NCRP).
 U.S. Food and Drug Administration (FDA).
 Environmental Protection Agency (EPA).
 Occupational Safety and Health Administration 

(OSHA).
 National Research Council, Committee on  

the Biological Effects of Ionizing Radiation  
(NRC-BEIR).

 National Institutes of Health (NIH).9-11

The ICRP and NCRP recommend effective dose limits 
for radiation workers based on reports from UNSCEAR 
and NRC-BEIR.9,11 Legal dose limits have been set for the 
radiation dose received per year or accumulated over a 
working lifetime by occupationally exposed individuals. 
There are no dose limits for medical exposure of patients.11 

federal and state agencies are responsible for enforcing 
those regulations and standards established by law.9 
Because numerous international and national agencies 
have played a role in developing radiation protection 
guidelines and recommendations, the vast amount of 
documents and regulations can be overwhelming to read 
and understand.9 In addition, the various advisory groups 
and regulatory agencies usually are referred to by an array 
of abbreviations and acronyms. However, to adequately 
understand radiation protection and safety, imaging 
professionals must be familiar with various agencies and 
organizations and be aware of recent concerns regarding 
radiation exposure. Increased use of fluoroscopy-guided 
procedures — and the resulting radiation dose — is an 
example of current national concern.1 

International Organizations
International advisory groups that have studied and 

created radiation protection standards include the:
	International Commission on Radiological 

Protection (ICRP).
 International Commission on Radiation Units  

and Measurements (ICRU).
 United Nations Scientific Committee on the 

Effects of Atomic Radiation (UNSCEAR). 
 World Health Organization (WHO).
 International Atomic Energy Agency (IAEA).2,9-11

The International Commission on Radiological 
Protection (ICRP) is considered the international 
authority regarding the safe use of ionizing radiation.9 
The ICRP is an independent registered group that pro-
vides recommendations and guidance on all aspects of 
ionizing radiation protection.3 Functioning as an adviso-
ry body, it consists of a main commission and 4 standing 
committees. The committees focus on radiation effects, 
radiation exposure, radiation protection in medicine and 
the application of ICRP recommendations.3,9 

The ICRP has published reports since 1928, and in 
1959 the committee began to develop its own series of 
publications. From 1977 onward, the commission pub-
lished Annals of the ICRP, which contains information 
about ICRP activities.9 Although the ICRP has no formal 
enforcement power, most countries adhere closely to 
ICRP recommendations when developing and enforcing 
their own regulations.3 Two ICRP reports, Publication 26 
(1977) and Publication 60 (1990) provide the basis for 
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with regard to radiation dose and safety issues. The final 
report will provide recommendations for imaging pro-
tocols, managing procedure time, radiation protection 
equipment including dose-reduction features, tracking 
patient and staff dose, and credentialing criteria for 
equipment operators.14 The NCRP also is concerned 
with computed tomography (CT) dose. Imaging profes-
sionals are responsible for being familiar with the most 
current NCRP reports and recommendations.

FDA
The FDA is generally considered an agency that reg-

ulates food and drugs. However, in 1968 the Radiation 
Control for Health and Safety Act (Public Law 90-602) 
created the Center for Devices and Radiological Health 
(CDRH) and extended the FDA’s role to include issues 
related to radiation protection.1,10 Under this law, the 
FDA regulates the design and manufacture of electron-
ic products and medical devices including diagnostic 
x-ray equipment.9 Public Law 90-602 ensures that the 
public is protected from the hazards of unnecessary 
radiation exposure.9 

The CDRH oversees consumer, industrial and 
medical products that emit electromagnetic radiation. 
In the early years, the CDRH focused on standards 
related to electronic products such as televisions and 
microwave ovens. However, with the standardization 
of equipment manufacturing, concerns about con-
sumer products have decreased. The FDA now regu-
lates radiopharmaceuticals and the performance and 
radiation safety of commercial x-ray equipment.10 The 
agency has the authority to deny the sale of equipment, 
inspect facilities, issue fines and revoke radiation use 
authorizations.10

The FDA has focused on areas in which the risk of 
radiation exposure is greatest and which have the great-
est potential to improve public health and safety, such 
as dose-intensive procedures associated with CT and 
f luoroscopy.1 Skin burns caused by f luoroscopic radia-
tion exposure are uncommon but can cause considerable 
distress to the patient. The injuries often lead to deep 
ulcers requiring skin grafts.15 

Some degree of radiation-induced trauma is to be 
expected during radiation therapy because of high levels 
of radiation exposure; however, the frequency and seri-
ousness of these injuries may be surprising. In addition, 

Levels of ionizing radiation formerly considered accept-
able by the ICRP have been revised downward.9 In 1991 
the ICRP recommended reducing the annual effective 
dose limit for occupationally exposed individuals from  
50 mSv to 20 mSv as a result of new information from 
studies of Japanese bomb survivors.9 The NCRP is still 
considering reducing exposure standards but currently 
recommends an annual effective dose limit of 50 mSv 
for radiation workers.9-11 National and state agencies are 
responsible for enforcing radiation protection standards 
established by the NCRP through legislative mandates.9,10

NRC and NCRP
The NRC was charged by Congress with protecting 

people and the environment from unnecessary exposure 
to radiation as a result of civilian uses of nuclear mate-
rials. The NRC focuses on regulations pertaining to 
nuclear power plants, research reactors and the storage  
of radioactive materials. With respect to nuclear medi-
cine, the NRC establishes dose limit guidelines, licens-
ing requirements and rules for the safe use of radioactive 
materials. The NRC does not regulate or inspect x-ray 
imaging facilities.4 

A group of American scientists, the National 
Advisory Committee on X-Ray and Radium Protection, 
established the first dose-limiting recommendations 
46 years after Roentgen discovered x-rays.5 In 1964 the 
group was chartered by Congress (Public Law 88-376) 
as the National Council on Radiation Protection and 
Measurements. The role of the nonprofit NCRP is to 
advise federal and state regulators on issues concerning 
radiation protection.11 To fulfill its mission, the council 
collects, analyzes and distributes information and regu-
lations about radiation protection, quantities and mea-
surements.5,10 The group also enters into written agree-
ments with state governments permitting the state to 
license and regulate the use of radioisotopes and certain 
other materials within that state.9

The NCRP has developed more than 150 scientific 
reports, and its rules and regulations are published in 
Title 10 of the U.S. Code of Federal Regulations.5,9 In 
2009 the NCRP completed a draft report, “Radiation 
Safety Issues for Image-Guided Interventional Medical 
Procedures.” The purpose of the report was to review the 
existing literature on image-guided medical procedures 
and evaluate the most common high-dose procedures 
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NRC-BEIR
The National Research Council Committee on the 

Biological Effects of Ionizing Radiation (NRC-BEIR) is 
an advisory group that reviews studies concerning the 
biological effects of ionizing radiation and risk assess-
ment.10 The committee has published 7 reports concern-
ing radiation health effects known as the BEIR reports. 
BEIR V, “Health Effects of Exposure to Low Levels of 
Ionizing Radiation,” was published in 1990. The report 
was significant in that it stated the risks of radiation are  
3 to 4 times greater than had been previously estimat-
ed.21 After publication of BEIR V, the ICRP revised its 
recommendations, reducing the annual allowable dose 
for radiation workers.11 The BEIR VII report was com-
pleted in 2006 and is the most up-to-date and compre-
hensive risk estimate for cancer and other health effects 
from exposure to low-level ionizing radiation.21 The 
report is one of the first scientific publications to include 
detailed estimates for cancer incidence in addition to 
cancer mortality. The data in the report supports the  
linear nonthreshold risk model. This model presumes 
that the risk of cancer is directly proportional to the 
dose and that there is no threshold for exposure. In other 
words, the smallest radiation exposure has the potential 
to cause a small increase in risk to humans.21

NIH 
The National Institutes of Health, (NIH) is a part  

of the U.S. Department of Health and Human Services, 
and is the primary federal agency responsible for 
conducting and supporting medical research in the 
United States. Composed of 27 institutes and centers, 
NIH invests more than $28 billion annually to fund 
research at hospitals, universities and medical schools. 
Current NIH efforts include medical research related 
to Alzheimer disease, potential agents of bioterrorism, 
improved imaging techniques, vaccines, precise ways  
to treat cancer and the causes of outbreaks of infectious 
diseases such as severe acute respiratory syndrome.22 

The NIH can influence regulations and practices 
related to imaging equipment. For example, when 
NCRP statistics showed that Americans received 7 times 
more medical radiation in 2006 than in the 1980s, the 
NIH established a series of steps to improve the track-
ing of patients’ exposures. The Radiology and Imaging 
Sciences Department of the NIH Clinical Center 

radiation therapy patients often undergo image-guided 
procedures that require long f luoroscopic exposure 
times. A recent article in The New York Times regarding 
radiation injuries noted that in 2009 the nation’s largest 
wound care company treated 3,000 radiation injuries. 
Jeff Nelson, president and chief executive of Diversified 
Clinical Services, said that “most of the radiation injuries 
were serious enough to require treatment in hyperbaric 
oxygen chambers, which utilize pure pressurized oxygen 
to promote healing.”16 However, even though radiation-
induced trauma occurs during radiation therapy, the 
f luoroscopy equipment used for treatment planning is 
exempt from most FDA performance standards.17 

The number of CT examinations performed in this 
country is a major concern for the FDA, especially if 
many of these procedures are repetitious or unwar-
ranted. A 2009 New England Journal of Medicine article 
reported that imaging procedures are a major and grow-
ing source of ionizing radiation exposure in the United 
States and can result in high cumulative radiation 
doses.18 According to the article, CT and nuclear imag-
ing procedures accounted for 75.4% of the cumulative 
effective dose to the 952,240 patients studied; interven-
tional procedures were the third greatest source of medi-
cal radiation exposure.18 The report created a certain 
amount of public anxiety by predicting that 2,500 cancer 
deaths a year could result from the high number of CT 
procedures.19 No scientific evidence is available to sup-
port this prediction, but there appears to be a justifiable 
concern about radiation exposure from CT exams and 
f luoroscopy-guided procedures.21

EPA and OSHA 
The EPA was established in 1970 by President 

Richard M Nixon. The agency facilitates the develop-
ment and enforcement of regulations pertaining to 
the control of radiation in the environment. It has the 
authority for specific areas such as determining the 
action level for radon.10

OSHA is a monitoring agency with regard to hazards 
in the workplace. Part 1910 of Title 29 of the U.S. Code 
of Federal Regulations (29 CFR 1910) regulates occupa-
tional exposure to radiation and mandates an employee’s 
“right to know” about possible workplace dangers. The 
act covers hazardous substances, infectious agents, and 
ionizing and nonionizing radiation.11
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requires vendors to include radiation dose-tracking tech-
nology as part of the equipment it purchases. The new 
technology is the first step toward developing a standard 
that can be used by health care facilities nationwide.23

The new dose-tracking policy began with CT and 
positron emission tomography (PET)-CT scanners. 
Standard reporting algorithms allow data to be entered 
and stored in a radiology information system or hospital- 
based electronic medical record.23 

Agreement States
Individual states can enter into an agreement with 

the NRC to assume responsibility for enforcing radia-
tion protection regulations through their health depart-
ments. Agreement states also can formulate their own 
regulations regarding radiation safety, including the 
licensing criteria for radiography and f luoroscopy opera-
tors.10 Currently, 5 states (Alabama, Idaho, Missouri, 
North Carolina and South Dakota) and the District of 
Columbia have no formal licensing standards.8 Table 1 
shows the state professional licensing categories and 
number of states that specify standards for various  
radiologic technology disciplines and practitioners.

Imaging professionals are responsible for obtaining 
the appropriate license to practice radiography or other 
modalities in an agreement state.

Federal Laws and Regulations 
Imaging professionals must be familiar with various 

federal regulations that pertain to protecting patients, 
personnel and the public from ionizing radiation expo-
sure. Radiologic technologists also should have an 
active interest in events occurring on Capitol Hill that 
relate to the profession. 

Numerous federal guidelines and recommendations 
for dose management have been formulated over the 
years and relate directly to fluoroscopy. At this time, the 
Radiation Control for Health and Safety Act of 1968 
and the Consumer-Patient Radiation Health and Safety 
Act of 1981 are the most significant.11 The Consistency, 
Accuracy, Responsibility and Excellence in Medical 
Imaging and Radiation Therapy (CARE) bill could poten-
tially have the most effect on who is authorized to operate 
medical imaging and radiation therapy equipment.24 

Radiation Control for Health and Safety Act
In 1968 the U.S. Congress passed Public Law 90-602, 

the Radiation Control for Health and Safety Act. The 
law was enacted to protect the public from the hazards 
of unnecessary radiation exposure from electronic prod-
ucts such as color televisions, microwave ovens, elec-
tronic equipment used in high school and college science 
classes and diagnostic x-ray equipment.9,25 Before 1968 
state and local governments regulated radiation-emitting 
electronic devices. However, in 1967 the voluntary recall 
of 90,000 General Electric television sets believed to 
emit dangerous levels of radiation raised awareness at the 
national level.25 As a result, the CDRH was established to 
evaluate radiation emissions from electronic products.9,25 
The CDRH sets more than 60 performance standards 
for the manufacture, installation, assembly and mainte-
nance of radiological equipment used for diagnostic x-ray 
procedures.9 Public Law 90-602 is strictly a performance 
standard for equipment and does not specify standards 
for equipment operators.

Code of Federal Regulations Title 21 – Part 1020
The Code of Federal Regulations Title 21 contains 

more than 1,300 sections of regulations pertaining to 
nutrition labels, pharmaceuticals, animal feed, animal 
medications, cosmetics, cell phones, lasers, controlled 
substances and medical devices.26 Part 1020 specifi-
cally deals with performance standards for ionizing 

Table 1

States With Licensure, Certification or Recognition 
Standards by Discipline or Practitioner8

Discipline or Practitioner Number of States

Radiography 39

Radiation therapy 33

Limited x-ray machine operator 31

Nuclear medicine 27

Radiologist assistant 26

Fusion imaging 11

Cardiovascular 6

Mammography 5

Magnetic resonance 3

Computed tomography 3

Sonography 2

Fluoroscopy only 1
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f luoroscopy systems requires manufacturers to provide 
a display that indicates exposure rate and the cumulative 
exposure to the patient.7

The role of the CDRH in regulating imaging equip-
ment standards is important to reducing radiation expo-
sure to the patient. However, equipment regulations 
are not the primary CDRH concern. The new radiation 
health focus of the CDRH is to promote the philo-
sophy of the American College of Radiology (ACR)  
that “the right exam is performed for the right reason 

radiation-emitting products. The provisions of section 
1020.32 apply to fluoroscopic imaging equipment or 
recording images from the fluoroscopic image recep-
tor, except CT x-ray systems manufactured on or after 
November 29, 1984.27 The most current amended version 
is dated July 2, 1999. Box 1 contains a sample of Title 21 
regulations that pertain to fluoroscopic equipment.

The CDRH is continuously advocating for equipment 
features to reduce f luoroscopic radiation exposure. A 
recently published amendment to the x-ray standard for 

Box 1

Selected Provisions of CFR Title 21, §1020.32 7,9,10,17

Primary protective barrier – limitation of the useful beam. The fluoroscopic imaging assembly should have a primary protective 
barrier that intercepts the entire cross section of the useful beam at any source-to-image distance (SID). The fluoroscopic tube cannot 
produce x-rays unless this barrier is in position. 

Measuring compliance. Describes how the output from the x-ray tube should be calculated. 

Field limitation for image-intensified fluoroscopy. The x-ray field in the plane of the image receptor should not exceed that of the 
visible area of the image receptor by more than 3% of the SID. On systems that automatically adjust field sizes, an override capability may 
be provided in case of system failure, but must be clearly labeled.

Activation of the tube. X-ray production must be controlled by a device that requires continuous pressure (formerly known as the 
“dead man’s switch”). When recording serial images, the operator should be able to terminate the exposure at any time.

Entrance exposure rates. Limits fluoroscopic exposure rates. Equipment with an automatic exposure rate control (AERC) is limited to  
10 roentgen per minute (R/min) or 2.58 x 10

-3
 coulomb per kilogram (C/kg) per minute. Equipment without AERC (ie, manual mode) is  

limited to 5 R/minute or not to exceed 1.29 x 10
-3

 C/kg per minute. Equipment with both devices is limited to 10 R/minute or 2.58 x 10
-3

 C/kg 
per minute. Optional high-level controls can be provided on fluoroscopic equipment, both with and without AERC, but should not exceed 
5 R/min or in excess of 1.29 x 10

-3
 C/kg per minute. The equipment must provide a special means of activating high-level control and a  

continuous signal audible to the operator should indicate when high-level control is used. The limitations do not pertain to the recording  
of fluoroscopic images.  

Automatic exposure rate control requirement. Fluoroscopic equipment that can operate in excess of 5 R/minute or 1.29 x 10
-3

 C/kg  
per minute should be equipped with AERC. The tube limits are exempt when recording images from an x-ray image intensifier tube 
using photographic film or a video camera when the x-ray source is operated in pulse mode. 

Indications of potential and current. During fluoroscopy and cine fluorography, x-ray tube potential and current should be  
continuously indicated.  

Source-to-skin distance. Equipment should have a way to limit the source-to-skin distance to not less than 38 cm on stationary  
fluoroscopes and to not less than 30 cm on mobile and portable fluoroscopes. Image-intensified fluoroscopes intended for specific  
surgical applications can operate at shorter source-to-skin distances but never less than 20 cm. 

Fluoroscopic timer. Equipment must have a means to track the cumulative on-time of the fluoroscopic tube, and the maximum  
cumulative time should not exceed 5 minutes without resetting. An audible signal must occur when the 5 minutes are reached and  
continue until the timing device is reset. 

Mobile and portable fluoroscopes. Mobile and portable fluoroscopes should provide intensified imaging.

Fluoroscopic radiation therapy simulation systems. Fluoroscopic units used for radiation therapy simulation are exempt from  
the regulations in the section.
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at the right time.” The CDRH recommends the use of 
exam-appropriateness criteria, such as the ACR criteria, 
both for screening patients for exams and for educating 
referring providers about what exam is appropriate in 
what circumstance. For example, in some cases, it may 
be more appropriate to use an alternative examination, 
such as magnetic resonance (MR) imaging or sonogra-
phy, to avoid the risks of ionizing radiation. The CDRH 
also advocates adjusting techniques and protocols not 
only for the patient’s age and body size, but also for the 
clinical image quality necessary for the condition being 
evaluated. Lastly, the CDRH encourages radiologists to 
educate nonradiologist colleagues performing f luoros-
copy about methods to reduce dose and injuries.1 

Consumer-Patient Radiation Health  
And Safety Act of 1981

The American Society of Radiologic Technologists 
(ASRT) spearheaded passage of the Consumer-Patient 
Radiation Health and Safety Act (CPRHSA) of 1981, 
Title IX of Public Law 97-35.28 Within the framework 
of the 1981 Act, the federal government set minimum 
standards for the accreditation of education programs for 
practitioners who administer radiologic procedures and 
the certification of these practitioners.9,11,28

The CPRHSA is divided into 8 sections — 42 USC 
§10001-10008. Table 2 shows the focus of each sec-
tion.28 The model statute described in section 10005 
provides that:
 “It shall be unlawful in a State for individuals 

to perform radiologic procedures unless such 

individuals are certified by the State to perform 
such procedures; and

 Any educational requirements for certification of 
individuals to perform radiologic procedures shall 
be limited to educational programs accredited by 
the State.”28

In addition to establishing education and certification 
standards, the CPRHSA was developed to ensure that 
medical and dental radiologic procedures adhere to safety 
precautions and standards.9 Individual states were encour-
aged to develop similar statutes and administer certifica-
tion programs based on the established standards.

Despite the congressional mandate set forth in 1981, 
not all states have developed licensing laws.16 There 
currently is no penalty for noncompliance with the 
CPRHSA, resulting in a tremendous amount of variation 
in established laws.9,24

Code of Federal Regulations Title 42 — Part 75
The standards for accrediting educational programs 

and credentialing radiologic personnel were established 
in 1985 and are described in Title 42 of the Code of 
Federal Regulations, Standards for the Accreditation 
of Educational Programs for the Credentialing of 
Radiologic Personnel.29 The standards cover the follow-
ing occupational groups:
 Radiographers.
 Dental hygienists.
 Dental assistants.
 Nuclear medicine technologists.
 Radiation therapists.
An understanding of terminology is important to 

interpreting the regulations. When applied to an edu-
cational program, the term “accreditation” means that a 
state government, nongovernmental agency or association 
recognizes a specialized program of study as meeting or 
exceeding certain established qualifications and educa-
tional standards.9,29  “Credentialing” indicates any process 
whereby a state government, nongovernmental agency or 
association recognizes an individual who meets certain 
predetermined qualifications. “Licensed practitioner” 
denotes a licensed doctor of medicine, osteopathy, dentist-
ry, podiatry or chiropractic. The term “licensure” signifies 
the process by which an agency of the state government 
grants permission to practitioners meeting predetermined 
qualifications to engage in an occupation.29

Table 2

Consumer-Patient Radiation Health  
and Safety Act of 198128

Section Focus of Section

10001 Statement of findings

10002 Purpose

10003 Definitions of terminology

10004 Promulgation of standards

10005 Model statute for radiologic procedure safety

10006 Compliance

10007 Federal radiation guidelines

10008 Applicability to federal agencies
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noninterpretive f luoroscopic procedures. However, the 
ASRT clearly indicates that the professional must have 
appropriate clinical and didactic education and conform 
to applicable state statutes and institutional policies.31 
The Radiologist Assistant Scope of Practice includes 
operating a f luoroscopic unit and performing studies the 
radiologist deems appropriate in accordance with super-
vision guidelines jointly established by the ACR, ASRT 
and ARRT.32

CARE Bill
Since 1997 the ASRT and an alliance of more than  

25 organizations and 500,000 professionals have pur-
sued educational and certification standards for health 
care workers who administer radiologic procedures. 
The most recent version of the CARE bill was intro-
duced in the House of Representatives (HR 3652) 
on September 25, 2009, and the Senate (S 3737) on 
August 5, 2010.33 The purpose of the bill is to amend 
and enforce the Consumer-Patient Radiation Health 
and Safety Act of 1981. 

During the final vote on CPRHSA, a political bargain 
was made to ensure the bill’s passage and the enforcement 
mechanism was removed.34 As a result, there are cur-
rently no legal enforceable penalties for states that do not 
comply with education and certification requirements of 
CPRHSA. The regulations are considered to be “federally 
recommended guidelines,” which has resulted in the lack 
of comprehensive licensure laws in some states.34

If enacted, the CARE bill would amend CPRHSA 
and charge the Secretary of Health and Human Services 
to promulgate updated regulations specifying certifica-
tion requirements for individuals who perform medical 
imaging exams and deliver radiation therapy treat-
ments.34 Revised educational standards and credentials 
are necessary because technology and the medical imag-
ing field have changed substantially since CPRHSA was 
passed. The CARE bill addresses only nonphysician 
technical personnel qualifications and does not include 
physicians, nurse practitioners and physician assistants. 
Box 2 lists the disciplines that would be included in min-
imum federal standards under the CARE bill. 

In effect, the CARE bill makes the federal educa-
tion and credentialing standards of CPRHSA enforce-
able because it sets those standards as a condition for 
Medicare reimbursement.26 A comparison can be made 

Radiologic science educational programs are accredit-
ed by either regional or programmatic accreditation agen-
cies. Programmatic agencies accredit only the specific pro-
grams they are authorized to evaluate. The Joint Review 
Committee on Education in Radiologic Technology 
(JRCERT), a programmatic agency,  accredits radio- 
graphy, radiation therapy and medical dosimetry programs.  
Regional agencies, such as the Middle States Association 
of Colleges and Schools, accredit degree-granting colleges 
and universities rather than specific educational programs 
within an institution. Therefore, some educational pro-
grams in the radiological sciences  are accredited by virtue 
of their association with the college or university.30 

Appendices A through E of Part 75 outline the mini-
mum standards required for the accreditation of educa-
tional programs for the occupational groups covered by the 
regulations.29  The standards include the following areas:
 Description of the profession.
 Sponsorship of the program.
 Instructional facility requirements.
 Clinical education requirements.
 Curriculum structure and length, including  

designated courses.
 Identifiable financial resources.
 Faculty credentials.29 
Accreditation agencies such as the JRCERT further 

distill the standards to guide the evaluation process, and 
professional societies such as the ASRT develop the edu-
cational curricula.

To be credentialed to practice, graduates of accredited 
radiologic science educational programs must success-
fully pass a standardized examination administered by 
a certification body such as the American Registry of 
Radiologic Technologists (ARRT). Once an individual 
passes the certification examination, he or she may be 
identified by the applicable credentials, such as R.T.(R) 
for radiographers, R.R.A. for radiologist assistants (RAs) 
or R.T.(T) for radiation therapists.30 

The licensing of medical imaging professionals occurs 
at the state level. Each state has developed its own set 
of requirements and allowances for the specific tasks a 
medical imaging practitioner can perform.8  For exam-
ple, the 2007 Radiography Scope of Practice adopted 
by the ASRT allows radiographers to assist a licensed 
independent practitioner with f luoroscopic and special-
ized interventional radiography procedures and perform 
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High-Level Control Fluoroscopy
During interventional procedures, operators often 

use the high-level control feature of the f luoroscopy 
unit. This feature helps to demonstrate small and 
lower-contrast objects, such as fine catheters, that are 
not readily seen during standard f luoroscopy.9 FDA 
equipment standards limit the tabletop exposure rate 
of f luoroscopic equipment to 10 R per minute unless 
the system has a high-level control feature. In this case, 
routine f luoroscopy is limited to 5 R per minute when 
the high-level control is not in use, but has no limit 
when the high-level control is on.9 

Patient exposure rates have been estimated to range 
from 20 to 120 R per minute when using the high-level 
control.9 The higher dose rate improves image quality 
by reducing quantum noise.24 However, fluoroscopy-
guided interventional procedures can potentially deliver 
a substantial patient dose because the use of the high-
level control can increase patient exposure 3 to 4 times 
that of a standard f luoroscopic procedure. Doses of  
40 to 50 R per minute are similar to those delivered by 
radiation therapy equipment and can potentially cause 
grave damage.35

On September 30, 1974, the FDA issued a public 
health advisory alerting health care workers to the 
dangers of overexposing patients while using the high-
level control. Data indicate that 30 minutes of total 
beam-on time at one location on the patient’s skin is 
sufficient to produce erythema. This effect is not read-
ily apparent and requires up to 10 days to appear.9 

Reports of radiation-induced skin injuries as a 
result of interventional procedures include temporary 
epilation, dry and moist desquamation, dermal necro-
sis and secondary ulcerations.9,23 Patient monitoring, 
radiation dosimetry and accurate record keeping are 
important to manage adverse reactions to high levels 
of radiation exposure during interventional proce-
dures. The FDA recommends documenting any skin 
dose of 1 to 2 Gy (100-200 rad) and noting the loca-
tion on the skin with a diagram, annotated photograph 
or narrative description.9

Pulsed Progressive Fluoroscopy
Pulsed f luoroscopy allows the radiation to be distrib-

uted in short bursts, or pulses. During pulsed f luoro- 
scopy, the x-ray beam is turned off and on while scanning, 

to the Mammography Quality Standards Act (MQSA) 
of 1992 that established federal standards for mammogra-
phy. However, the CARE bill differs from MQSA in that it 
only addresses nonphysician imaging personnel qualifica-
tions, whereas MQSA includes facility inspection, quality 
assurance measures and physician assessment.34

CARE bill advocates argue that the legislation would:
 Decrease medical errors, including misdiagnoses 

and the misadministration of radiation therapy.
 Ensure the quality of diagnostic images and radia-

tion therapy treatments.
 Decrease health care costs.
 Improve the safety of radiologic procedures.33

Radiation Dose Reduction in Fluoroscopy
In 1989 the NCRP reported that fluoroscopic exami-

nations result in higher doses to patients than most radio-
graphic procedures. In addition to ensuring fluoroscopy 
equipment meets current regulations, fluoroscopy opera-
tors can use a number of practices to reduce the amount of 
radiation exposure to the patient and medical personnel. 
Many of the practices are based on recommendations of 
various organizations that focus on radiation protection.35 
Imaging professionals have the ethical responsibility to 
ensure they are knowledgeable about fluoroscopic equip-
ment features that increase or decrease dose and to active-
ly educate others who operate fluoroscopy equipment.

Box 2

Practitioners Included in the CARE Bill Standards34

Radiographer

Radiation therapist

Nuclear medicine technologist

Medical dosimetrist

Medical physicist

Magnetic resonance imaging technologist

Sonographer

Radiologist assistant

Cardiovascular-interventional, cardiac-interventional, vascular-
interventional technologist

Cardiovascular invasive specialist

Bone density equipment operator

Limited x-ray machine operator
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Image Recording Techniques
The two most common methods for recording fluoro-

scopic images are cine fluorography and spot-film record-
ing.35 Both techniques capture the image from the output 
screen of the image intensifier. The photospot camera 
uses 100-mm cut film or 105-mm roll film. Exposures 
occur at 6 and 12 frames per second. Cine cameras use 
35- or 16-mm film, with film rates of 7.5, 15, 30 and  
60 frames per second.9,35 Patient dose is higher when using 
16-mm film; therefore, the 35-mm format is the most 
frequently used film in the United States.9 With regard 
to frame rate, as the frequency of the frames increases, 
the radiation dose increases. Thus, using the 35-mm film 
with a filming rate of 7.5 frames per second should deliver 
the lowest dose to the patient. Swallow function studies 
and cardiac imaging procedures require higher frame 
rates because they are dynamic functional studies.7

Photospot techniques reduce dose by a factor of 5 to 
10 compared with cassette-loaded spot films and large-
format cassette films.35 Spot films and large-format films 
require using radiographic exposure technique factors, 
whereas photospot images are taken from the output 
screen. Spot image recorders vary in the dose delivered  
to the patient. Cassettes may require 30 mR per exposure 
compared with an average of about 10 mR per exposure 
associated with 105-mm film.10 Therefore, using photo-
spot images rather than cassette-loaded images decreases 
patient dose. It has been estimated that each spot image 
may be equal to more than a minute of fluoroscopy time.10

Patient dose for cine is significant, and dose reduc-
tion techniques are especially important.9,10 The high 
dose for cine is caused by a relatively high inherent dose 
rate and the length of the imaging procedure.9 The min-
imum exposure required at the entrance to the image 
intensifier is 20 mR per frame.10 

The radiologist or cardiologist can reduce radiation 
exposure during cine procedures by decreasing the time 
of the cine run and using f luoroscopy when possible to 
locate catheters.35 Intermittent or pulsed f luoroscopy 
can be used to locate catheters, and the last-image hold 
feature also can help reduce dose.35 

Radiologic technologists are responsible for ensur-
ing that anyone present in the f luoroscopy room 
during an examination wears a lead apron. The f luoro-
scopy procedure should not begin until all individuals 
comply with this requirement.10

which decreases patient dose.9,10 Systems that can pulse 
the beam at less than 10 pulses per second can result in 
up to 90% less exposure compared with nonpulsed sys-
tems.35 If a f luoroscopic unit is not equipped with auto-
matic pulsing, this technique can be employed manually. 

Last-Image Hold Feature 
The last-image hold feature of digital f luoroscopy 

systems is another way of reducing dose.9,10 With last-
image hold, an image is stored from the last time that the 
foot switch was depressed and radiation was emitted. 
This image generally is composed of several frames of 
information that have been added together to reduce the 
effect of quantum mottle.9

Magnification
Multifield, or magnification, image intensifiers 

are found in the majority of image intensifiers today.9 
Image magnification is sometimes needed to view 
small structures, although image clarity can be 
compromised. The image clarity is degraded on the 
television monitor because of a decrease in the mini-
fication gain when fewer photoelectrons strike the 
output phosphor on the image intensifier.9,10 

To maintain brightness on the television monitor, 
the f luoroscopic milliamperage (mA) is automati-
cally increased, and therefore, the patient dose sub-
sequently increases. The most common commercial 
tube in f luoroscopic units is the 30- to 15-cm (12- to 
6-inch) diameter model.9 In this system, the normal 
viewing mode uses a 30-cm focal point; the 15-cm 
mode magnifies the image. The change in the focal 
point of the electrons decreases the field of view, 
with a corresponding increase in magnification.10 
The change in mA using the magnification mode can 
double patient dose.35

It is important that f luoroscopy operators under-
stand magnification mode is associated with a 
significant increase in dose. Magnification mode 
should only be used when necessary and should not 
be used as the normal viewing mode. Using collima-
tion in conjunction with the magnification mode can 
decrease patient dose. Some image intensifiers have 
interlock devices that automatically collimate when 
magnifying the image, although this feature is not 
required by regulation.10
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in the room during the procedure; direct supervision 
requires the radiologist to be in the office suite and 
immediately available to provide assistance and direc-
tion; general supervision means the procedure is con-
ducted under the radiologist’s overall direction and 
control.40 Medicare has established supervision rules 
for RAs who serve at freestanding clinics and indepen-
dent diagnostic testing facilities. The rules require that 
radiologists or their physician designees must supervise 
radiology extenders who perform diagnostic studies.39

The ARRT cautions that the RA role delineation 
should not be interpreted as authorizing the RA to 
perform certain activities, nor does the ARRT sug-
gest that RAs can legally perform fluoroscopy in all 
states.40 The ACR has a long-standing policy on the 
performance of interventional or radiotherapeutic 
procedures. The organization believes strongly that 
radiologists or their physician designees “be involved 
on a personal level” with patients, family members 
or guardians depending on the clinical situation.39 
Fluoroscopy procedures performed by RAs may not 
be eligible for reimbursement under current Centers 
for Medicare & Medicaid Services (CMS) or private 
insurance payment schedules. Providers should con-
sult state and institutional regulations and the insurer’s 
reimbursement requirements on a case-by-case basis 
to determine payment eligibility.40 

In 2007 the ASRT House of Delegates adopted 
a revised position statement “Fluoroscopy by 
Radiologic Technologists,” which stated, “The 
American Society of Radiologic Technologists 
(ASRT) advocates that f luoroscopy is within the 
scope of practice of radiologic technologists with 
the appropriate clinical and didactic education and 
where federal or state law and/or institutional policy 
permits.”41 Although a professional organization can 
define the profession’s scope of practice, the authority 
to perform procedures such as f luoroscopy rests with 
the states, rather than certification boards or aca-
demic programs.39 Thus, radiographers who perform 
fluoroscopy studies must ensure that they are under 
appropriate super-vision and adhere to all state laws 
and regulations. The ASRT website has a complete 
list of applicable state agencies, with a summary page 
that outlines state regulations concerning contrast 
media, venipuncture and f luoroscopy.8

Fluoroscopy Operators 
Historically, f luoroscopy has primarily been the 

responsibility of the radiologist or physician; the role of 
the radiographer was to conduct postfluoroscopic radi-
ography and assist during the procedure.10 Interventional 
f luoroscopy procedures, such as cerebral angiography, 
often require active diagnosis during the examination 
and possible therapeutic intervention.36 However, not all 
f luoroscopic examinations require real-time diagnosis. 
In recent years, these procedures have become a part of 
the radiologic technologist’s responsibility. For example, 
it is accepted practice for radiographers to use f luoros-
copy for static images of the terminal ilium.10

In addition, f luoroscopy procedures today are per-
formed in many locations, including surgery suites, 
orthopedic centers, heart institutes, pain clinics and free-
standing outpatient facilities. These sites are not always 
associated with a radiology or imaging department and 
may not have medical imaging professionals available to 
perform fluoroscopic procedures. As a result, many non-
radiologists, physician extenders and other professionals 
perform fluoroscopy on a routine basis.37 The perplexing 
question of who is authorized to perform fluoroscopic 
procedures is not always easy to solve because the 
answer depends on a variety of factors, such as applicable 
federal and state regulations, reimbursement standards 
and the positions of professional societies such as the 
ACR and ASRT. Often, the answer becomes a matter of 
circumstance, depending on what f luoroscopic proce-
dure is performed, for which reason, at what facility and 
in which state. 

In 2003 the ACR and the ASRT passed a joint state-
ment delineating the role of radiologist assistants, a new 
professional category of physician extenders who assist 
with imaging studies.38 The ASRT, ARRT, ACR, the 
National Society of Radiology Practitioner Assistants 
and some state regulatory agencies agreed that the RA 
could assume responsibility for patient assessment, 
patient education, patient management and perform 
fluoroscopy and other radiology procedures.39,40 It was 
determined from the beginning that RAs would not per-
form interpretations (preliminary or final) of any radio-
logic examination.39 

The RA role delineation defines 3 levels of super-
vision for radiologic procedures including f luoroscopy.40 
Personal supervision means the radiologist must be 
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fluoroscopy, 25 have nothing written in their regulations 
pertaining to who can operate f luoroscopic equipment 
and 6 states identify special permits, examinations or 
demonstration of competency that must be completed 
to perform fluoroscopy.39 For example, in Vermont a 
f luoroscopy operator must complete a course of  
instruction and demonstrate to a qualified expert the 
appropriate use of f luoroscopic equipment.42 West 
Virginia regulations state that individuals can  

State Regulation of Fluoroscopy Operators 
State regulation of nonphysician f luoroscopy practi-

tioners encompasses licensing, the scope of professional 
practice, supervision requirements, medical liability 
and radiation safety.39 Each individual state has devel-
oped licensure laws that establish what type of creden-
tials and education an individual must have to perform 
radiographic procedures.8 Of the states with licensing 
laws, 17 states specify who can and cannot perform  

Table 3

State Licensing and Requirements for Performing Fluoroscopy8

State Fluoroscopy Regulation State Fluoroscopy Regulation

Alabama No licensure Montana Does not identify practitioners

Alaska No licensure Nebraska Identifies practitioners

Arizona Does not identify practitioners Nevada Does not identify practitioners

Arkansas Does not identify practitioners New Hampshire Does not identify practitioners

California Specific criteria New Jersey Identifies practitioners

Colorado Does not identify practitioners New Mexico Identifies practitioners

Connecticut Does not identify practitioners New York Identifies practitioners

Delaware Identifies practitioners North Carolina No licensure

Florida Identifies practitioners North Dakota Does not identify practitioners

Georgia No licensure Ohio Identifies practitioners

Hawaii Does not identify practitioners Oklahoma Does not identify practitioners

Idaho No licensure Oregon Identifies practitioners

Illinois Does not identify practitioners Pennsylvania Does not identify practitioners

Indiana Does not identify practitioners Rhode Island Does not identify practitioners

Iowa Identifies practitioners South Carolina Does not identify practitioners

Kansas Does not identify practitioners South Dakota No licensure

Kentucky Specific criteria Tennessee Does not identify practitioners

Louisiana Does not identify practitioners Texas Identifies practitioners

Maine Does not identify practitioners Utah Does not identify practitioners

Maryland Specific criteria Vermont Specific criteria

Massachusetts Identifies practitioners Virginia Does not identify practitioners

Michigan Does not identify practitioners Washington Does not identify practitioners

Minnesota Specific criteria West Virginia Specific criteria

Mississippi Does not identify practitioners Wisconsin Does not identify practitioners

Missouri No licensure Wyoming Does not identify practitioners

No licensure = no licensing laws; does not identify practitioners = state has licensing, but regulations do not specify who can and cannot perform  
fluoroscopy; identifies practitioners = state has licensing and specifies who can and cannot perform fluoroscopy; specific criteria = state has licensing  
and specific criteria and/or language regarding who can perform fluoroscopy.
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the appropriate training may fall to the radiology adminis-
trator and radiation safety staff.46

In a recent report, the CDRH gave the following rea-
sons for high radiation exposures during interventional 
procedures, all of which are related to lack of training:
 Fluoroscopic tubes operated for long periods of 

time in continuous rather than pulsed mode.
 Failure to use the protective curtain or f loating 

shields on the stationary equipment’s image inten-
sifier as a means of protection.

 Extensive use of cine as a recording medium.35

The FDA continues to encourage fluoroscopy opera-
tors who perform dose-intensive radiologic procedures to 
be aware of radiation exposures, to be educated in radia-
tion biology, physics and safety, and to use techniques 
and protocols that decrease dose.1,37,46 Radiologic tech-
nologists and other personnel assisting in fluoroscopy 
procedures can contribute to safety efforts by alerting the 
physician who loses track of how long a procedure is tak-
ing and how much exposure is being delivered to a local-
ized area.35 In the event of excessive fluoroscopic time, the 
radiographer should notify the appropriate supervisor, 
who should then follow the imaging facility’s protocol.35

Public Awareness of Radiation Risks
The public is becoming aware of the risks associated 

with medical radiation exposure through media cover-
age of radiation accidents, alarmist warnings and easy 
access to articles posted on the Internet. The public’s 
perception of risk is usually quite different from the 
actual measured or estimated risk for many hazards 
and activities.47 According to health physics professor 
Kenneth Mossman, “the leading issue in health physics 
today is the perception of radiation risk by the general 
public,” not the risk itself.47 

The general public’s estimate of risk may be seri-
ously distorted by media coverage and misleading 
experiences and feedback. For example, in a survey 
conducted by the Office of Cancer Communication 
and Education of the National Cancer Institute (NCI), 
64% of the population surveyed thought radiation 
was a significant cause of cancer in the United States, 
when, in fact, only about 1% of all cancer deaths  
can be attributed to radiation exposure.47 The most 
recent example of widespread coverage in the media 
involved 206 patients undergoing CT perfusion studies  

perform noninterpretive f luoroscopy procedures 
according to institutional policy,43 and Iowa requires 
operators to pass an exam on f luoroscopy techniques.44 

Kentucky law permits technologists to perform 
fluoroscopy under the direction of a radiologist and 
allows f luoroscopy to be used for localization when 
obtaining images.45 Minnesota regulations state that 
documented f luoroscopy training is required for those 
operators not licensed.8 States that allow limited x-ray 
machine operators (LXMOs) to perform radiologic 
procedures strictly prohibit them from performing 
f luoroscopy.46 Because of the large variation in state 
regulations, f luoroscopy operators should contact 
their appropriate state licensing division to determine 
the pertinent regulations.8 Table 3 summarizes state 
licensing of f luoroscopy practitioners.

Education and Training 
C-arm fluoroscopy units and f luoroscopy equipment 

with high-level control mode are used increasingly by 
nonradiologist physicians.35 There is a need for ongoing 
education of f luoroscopy operators who perform inter-
ventional procedures and other lengthy studies, because 
such procedures can expose the patient, equipment oper-
ator and other personnel to substantial doses of ionizing 
radiation.10 Many f luoroscopy operators are not trained 
in radiation protection and safety, and are unaware of the 
risk of radiation injury and radiation-induced cancers for 
personnel as well as patients.37

Several organizations involved in radiation and patient 
safety have joined the call when it comes to the issue of 
fluoroscopy operator education.1,35,37,46 In 1994 the CDRH 
issued an advisory warning, stating that fluoroscopy 
training for physicians was for the most part insufficient 
and needed to be expanded.37.46 The American Heart 
Association and the American College of Cardiology 
have published strongly worded position papers recogniz-
ing an urgent need for fluoroscopy and radiation safety 
training.46 Hospitals and administrators are being encour-
aged to require radiation management credentials as a 
prerequisite for obtaining fluoroscopy privileges.37 The 
Joint Commission is considering implementing standards 
regarding privileges for practitioners to use fluoroscopy 
equipment. One way of meeting these requirements 
would be the successful completion of an approved educa-
tional program. Ensuring that a fluoroscopy operator has 
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after a motor vehicle accident. This mother and other 
concerned parents have formed an alliance group called 
the Mothers Against Silence About CT Radiation Risks 
(MASACRR).51 

Misconceptions about radiation may prevent people 
from getting appropriate diagnostic tests or therapy and 
ultimately compromise their medical care.47 In the past, 
the use of certain diagnostic studies has come under 
attack because of potential risk vs benefit.20 For example, 
breast cancer screening was questioned at one time 
because of the fear that mammography caused more  
cancers than it detected. Today breast cancer screen-
ing and early treatment are generally credited for the 
significant reduction in breast cancer deaths among U.S. 
women.20 Thus, it would be unfortunate if individuals 
refused or postponed critically needed radiologic exami-
nations because of misinformation.20.47

Public Awareness Campaigns and Patient Education
Health physicists have concluded that the public 

needs understandable information concerning radiation. 
Knowledgeable health care professionals are in an ideal 
position to help patients develop a realistic perspec-
tive concerning radiation risk. Radiation risk should 
be defined in lay terms, using a simple vocabulary that 
describes radiation, its benefits and possible dangers. 
The use of comparative approaches, such as contrasting 
the risk associated with a specific radiologic procedure to 
the risk of common, everyday activities, frequently can 
place radiation risk in its proper perspective.47

To address the need for accurate information about 
radiation exposure, radiation safety and medical imag-
ing procedures, a number of organizations, including the 
NCI, the Society for Pediatric Radiology, the Society 
for Pediatric Interventional Radiology, the Society 
of Interventional Radiology, the ACR and ASRT, are 
actively involved in public awareness campaigns.36,52-54 

Today, one of the most notable campaigns is Image 
Gently, created by the Alliance for Radiation Safety in 
Pediatric Imaging, a coalition of health care organiza-
tions dedicated to providing safe, high-quality pediatric 
imaging (see Figure 1). Formed in 2007, the Alliance 
includes more than 55 national and international orga-
nizations, representing more than 600,000 health care 
professionals in radiology, pediatric imaging, medical 
physics and radiation safety.53 The goal of the campaign 

at Cedars-Sinai Medical Center in Los Angeles. 
According to a current FDA investigation, the patients 
received up to 8 times the recommended radiation 
dose because inappropriate CT protocols were used.48 

Media outlets often reinterpret research reports 49,50 
published in major medical journals such as the New 
England Journal of Medicine, leaving the public frightened 
of radiological procedures and lacking a thorough under-
standing of radiation and risk. For example, the journal’s 
study “Exposure to Low-Dose Ionizing Radiation from 
Medical Procedures” concluded that imaging procedures 
are an important source of ionizing radiation exposure 
and can result in high cumulative effective doses.49 
However, the article did not explain that the increased 
number of the procedures is partially because of techno-
logical advances and that many of these procedures are 
replacing surgery and saving lives.20

Margulis cited an article by Brenner and Hall, 
“Computed Tomography — An Increasing Source of 
Radiation Exposure,” as creating a great deal of fear 
among patients who have undergone or are scheduled to 
undergo CT exams.20 In analyzing the article, Margulis 
acknowledged the potential danger in the increasing use 
of CT exams and agreed that nonionizing imaging proce-
dures could be substituted for some CT studies. However, 
Margulis also pointed out several flaws in the article that 
could have an unwarranted effect on whether a patient 
decides to have a CT procedure. He argued that the 
authors predicted an increase in cancers as a result of the 
increasing number of CT studies based on theory rather 
than fact. Margulis pointed out that radiation doses and 
CT techniques quoted in the article were not those recom-
mended by the ACR or the Society of Pediatric Radiology. 
In addition, the paper overlooked many dose-reduction 
techniques manufacturers have developed for children. 
Margulis concluded that many critics don’t understand 
or consider the risk-benefit ratio of CT, particularly with 
respect to life-threatening conditions.20

News coverage of events related to radiation exposure 
contributes to misunderstanding and public concern 
about radiation, and the general public does not always 
have the necessary background to place these events 
in an appropriate context. For example, a mother read 
a scientific article posted on the Internet concerning 
CT dose and cancer; she concluded that her son had 
developed leukemia as a result of CT scans performed 
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fluoroscopy and focuses on ways to reduce radiation 
risks.52 The guide discusses the value of interventional 
procedures, the associated radiation risks and the impor-
tance of optimizing radiation dose. NCI advocates audit-
ing the radiation exposure levels for each operator.52 The 
ACR and the Radiological Society of North America 
jointly developed a patient-focused website, www.radiolo-
gyinfo.org, which is designed to answer questions about 
today’s radiologic procedures and therapies.52 Box 4 lists 
additional websites that offer information to patients on 
imaging procedures and radiation exposure.

Conclusion
The concern with radiation protection and safety 

has a long history, beginning in 1928 with the creation 
of the International Commission on Radiological 
Protection and the development of the first recognized 
unit of radiation exposure, the skin erythema dose. 
Today, numerous scientific advisory groups conduct 
research on radiation exposure and make recommen-
dations to minimize the potential harmful effects of 
radiation to patients and operators. The U.S. Congress 
has passed noteworthy legislation concerning radia-
tion protection, including the Radiation Control for 
Health and Safety Act of 1968 and the Consumer-
Patient Radiation Health and Safety Act of 1981. 
Regulations now are in place covering equipment, 
educational programs and credentialing of ionizing 
equipment operators. State agencies are generally 
responsible for enforcing the standards. 

With the increased use of advanced imaging 
modalities, however, there has been a shift in legisla-
tive emphasis from equipment standards to the edu-
cation and training of equipment operators and the 
use of proper radiation protection techniques. The 
CARE bill is an excellent example of where the focus 
of radiation protection lies today. Public awareness 
of the potential dangers of ionizing radiation also has 
influenced the regulatory environment. Several recent 
well-publicized incidents have raised the concern 
that patients will refuse needed imaging procedures 
because of misguided fears.

The public, physicians and health care providers 
need accurate information concerning radiation 
exposure and the associated risks. They must be 
able to adequately evaluate the benefit of a specific 

is to ensure that every facility uses appropriate dose 
reduction techniques when performing pediatric imag-
ing and interventional procedures.54 Originally focused 
on pediatric CT dose, the Image Gently campaign has 
expanded to include interventional radiology exams.55 
Under the theme of “step lightly,” the interventional 
phase of the campaign reminds medical imaging pro-
fessionals to use a light touch on the f luoroscopy pedal 
and child-size technique, and to consider ultrasound 
and MR guidance when appropriate.54,55

The Image Gently website, www.imagegently.org, 
provides parents, radiologists, pediatricians, medical 
physicists, the media and imaging personnel a range 
of resources explaining radiation concepts in under-
standable terms. The site offers detailed informa-
tion on CT and interventional exams and provides 
information related to radiation dose.56,57 The site 
also includes downloadable presentations, patient 
brochures, a log for recording radiation dose received 
during an exam, checklists for reducing dose and an 
outline of dose reduction and quality maintenance 
steps to take in the department.53,54 

An example of the downloadable resources on the 
Image Gently website, the Step Lightly checklist (see 
Box 3) is a comprehensive inventory of protection mea-
sures that can be taken to ensure overall safety during 
an interventional exam. The campaign also has devel-
oped a table that provides estimated radiation doses for 
6 common interventional exams and compares the dose 
to its equivalent amount of background radiation.53,55 

The NCI and ACR also have information about  
radiation protection and imaging procedures on their  
websites.36,52 NCI provides a guide on interventional  

Fig. 1. The Image Gently campaign was created by the Alliance 
for Radiation Safety in Pediatric Imaging, a coalition of health 
care organizations dedicated to providing safe, high-quality 
pediatric imaging.
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care professionals can keep up to date on the latest 
issues concerning radiation safety by maintaining 
membership and involvement in professional societies 
such as the ASRT and the ACR. 
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procedure vs that procedure’s risks. Imaging facilities 
can contribute to this effort by maintaining a list of 
credible websites for patients and their families so that 
they receive accurate and reliable information. Health 

Box 3

Step Lightly Checklist53

Review steps below before starting the procedure:

☐ Ask patient or family about previous radiation exposures. Answer questions about radiation safety.

☐ Use ultrasound when possible.

☐ Position hanging table shields and overhead shields before the procedure.

☐ Operators and personnel should wear lead aprons, thyroid shield and leaded eyewear.

☐ Use pulse rather than continuous fluoroscopy when possible, with as low a pulse as possible.

☐ Position and collimate with fluoroscopy off, tapping on the pedal to check position.

☐ Collimate tightly. Exclude eyes, thyroid, breast and gonads when possible.

☐ Keep operator and personnel hands out of beam.

☐ Step lightly: tap on pedal and review anatomy on last image rather than with live fluoroscopy when possible;  
minimize live fluoroscopy time.

☐ Minimize use of electronic magnification; use digital zoom whenever possible.

☐ Acknowledge fluoroscopy timing alerts during the procedure.

☐ Use last-image hold whenever possible instead of exposures.

☐ Adjust acquisition parameters to achieve lowest dose necessary to accomplish procedure; use lowest dose protocol  
for patient size and lower frame rate, minimize magnification, reduce length of run.

☐ Plan and communicate number and timing of acquisitions, contrast parameters, patient positioning and suspension  
of respiration with radiology and sedation team in advance to minimize improper or unneeded runs.

☐ Move table away from x-ray tube in both planes; move patient as close as possible to detector in both planes.

☐ Use a power injector, or extension tubing if injecting by hand.

☐ Move personnel away from the table or behind protective shields during acquisitions.

☐ Minimize overlap of fields on subsequent acquisitions.

☐ After the procedure, record and review dose.

Box 4

Additional Resources for Patient Information53

Society for Pediatric Radiology 
www.pedrad.org

Society for Pediatric Interventional Radiology 
www.spirweb.org

Society of Interventional Radiology 
www.sirweb.org

National Cancer Institute 
www.cancer.gov/cancertopics/interventionalfluoroscopy
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