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In 2006, the ACR convened a group
of radiologists, medical physicists, in-
dustry and regulatory agency repre-
sentatives, and a patient advocate to
address issues related to the risks of
radiation exposure in medical imag-
ing. This group, the Blue Ribbon
Panel on Radiation Dose in Medi-
cine, developed a series of recom-
mendations aimed at optimizing ra-
diologic image quality and radiation
dose and preventing the inappropri-
ate use of procedures involving ioniz-
ing radiation [1]. Several of their rec-
ommendations relate to educating
referring physicians about radiation
exposure risk. One recommendation
in particular calls for the incorpora-
tion of radiation dose information
into the ACR Appropriateness Crite-
ria, a guide for the selection of proper
imaging procedures for particular
medical conditions. In response to
this recommendation, relative radia-
tion level (RRL) designations were
added to the Appropriateness Crite-
ria in September 2007. These desig-
nations indicate which imaging pro-
cedures expose patients to radiation
and the relative magnitude of that ex-

posure. By adding RRL designations,

referring physicians using the Appro-
priateness Criteria will not only be
advised of the appropriate imaging
procedure for medical conditions but
will also be steered toward procedures
that minimize radiation dose to their
patients.

The RRL designations included in
the ACR Appropriateness Criteria
are based on the imaging procedures’
effective dose ranges. Effective dose is
a quantity equal to the weighted sum
of the doses to various body organs
and tissues in which the weighting
factors depend on the relative sensi-
tivity to radiation-induced cancer or
hereditary effects for those organs or
tissues [2]. The quantity provides a
measure of relative radiation detri-
ment from different types of expo-
sure or exposure involving different
parts of the body. Although “effective
dose” was defined for the assessment
of the radiation risk of a worker pop-
ulation in general terms for radiation
protection purposes, it can be used to
approximately compare risk for dif-
ferent types of imaging procedures.
To accomplish this, the RRL desig-
nations use effective dose ranges to
classify imaging procedures into

broad categories [3]. It is necessary to
use broad categories because of the
many and complex technical and in-
dividual variables involved, making
the exact dose to any patient essen-
tially impossible to calculate accu-
rately. These ranges are specified in
Table 1. A similar approach was used
by the Royal College of Radiologists
[4] in its imaging guidelines publica-
tion.

The assignment of RRL levels to
each ACR Appropriateness Criteria
imaging procedure was conducted by
a group of medical physicists and a
radiologist with expertise in applica-
ble imaging modalities. This group
reviewed current literature on radia-
tion dose estimates for specific proce-
dures, including regulatory surveys
and publications in peer-reviewed
journals [5-10]. When the group de-
termined that publications or clinical
experience indicated that there was a
range of effective dose values for a
particular procedure, the RRL was
conservatively assigned to the highest
level.

Because for most imaging proce-
dures, radiation dose levels increase
with patient size, RRL designations

Table 1. Relative radiation level designations and common example examinations for each

classification

Relative Effective Dose
Radiation Estimate Range
Level (mSv) Example Examinations
None 0 Ultrasound, MRI
Minimal <0.1 Chest radiography, hand radiography
Low 0.1-1 Spine radiography, pelvis radiography
Medium 1-10 Abdomen CT, barium enema, nuclear medicine bone scan
High 10-100 Abdomen CT without and with contrast, whole-body PET/CT
Note: CT = computed tomography; MRI = magnetic resonance imaging; PET = positron emission tomography.
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Table 2. Example ACR Appropriateness Criteria guideline for right lower quadrant pain, variant
fever, leukocytosis, and classic clinical presentation for appendicitis in adults

Appropriateness
Radiologic Procedure Criteria Rating RRL

CT abdomen and pelvis with contrast 8 High
CT abdomen and pelvis without contrast 7 High
Ultrasound abdomen RLQ 6 None
Ultrasound pelvis 5 None
X-ray abdomen 5 Medium
MRI abdomen and pelvis with or without contrast 4 None
Contrast enema S Medium
Nuclear medicine WBC scan abdomen pelvis 3 Medium
Note: Appropriateness Criteria scale: 1 = least appropriate; 9 = most appropriate. CT = computed tomography; MRI = magnetic
resonance imaging; RLQ = right lower quadrant; RRL = relative radiation level; WBC = white blood cell.

are based on the dose that would be
received by an average-sized adult.
For ACR Appropriateness Criteria
developed specifically for the pediat-
ric population, RRL assignments
were made with consideration of a
child’s increased radiation-induced
cancer mortality risk compared with
that of an adult [2]. Because of chil-
dren’s smaller size, the radiation lev-
els required for imaging examina-
tions of children are generally, but
not always, lower than those for
adults. Particularly for CT examina-
tions, radiation doses may not be
lower for children unless reduced
technique protocols are imple-
mented for pediatric imaging by fa-
cilities. As a result, RRLs for pediatric
computed tomographic procedures
were assigned to the higher RRL.
Although the overall risk for can-
cer induction from a diagnostic im-
aging procedure involving ionizing
radiation is small, the risk is not zero.
Therefore, it is important to mini-
mize patient radiation exposure and
to guide ordering physicians to avoid
ordering unnecessary examinations.
Any exposure that accompanies an
imaging examination should be justi-
fied on the basis of the benefit to the

patient. The RRL assignments will
continue to be reviewed periodically
and updated as clinical practice
evolves and new radiation dose infor-
mation becomes available. An exam-
ple of appropriateness rankings and
RRL designations for a selected med-
ical condition is shown in Table 2.

ACKNOWLEDGMENTS

I wish to thank the following mem-
bers of the ACR Appropriateness
Criteria Dose Subcommittee: Mi-
chael A. Bettmann, MD, Priscilla
F. Butler, MS, James M. Hevezi,
PhD, Mark T. Madsen, PhD,
Richard L. Morin, PhD, and Keith
J. Strauss, MS.

REFERENCES

1. Amis ES Jr, Butler PF, Applegate KE, et al.
American College of Radiology white paper
on radiation dose in medicine. ] Am Coll

Radiol 2007;4:272-84.

2. ICRP. 1990 recommendations of the Inter-
national Commission on Radiological Pro-
tection. Publication 60, New York, NY: In-
ternational Commission on Radiologogical
Protection; 1990.

3. Martin CJ. Effective dose: how should it be
applied to medical exposure? Br J Radiol
2007;80:639-47.

10.

. Royal College of Radiologists. Making the

best use of a department of clinical radiol-
ogy: guidelines for doctors. 5th ed. London:
Royal College of Radiologists; 2003.

. Conference of Radiation Control Program

Directors. Thirty years of NEXT. Available at:
htep:/Iwww.crepd.org/Pubs/NextTrifolds/
ThirtyYearsONEXT.pdf. Accessed April 18,
2008.

. National Council on Radiation Protection

and Measurements. Exposure of the US
population from diagnostic medical radia-
tion. NCRP Report No. 100. Bethesda,
Md: National Council on Radiation Protec-
tion and Measurements; 1989.

. Conference of Radiation Control Program

Directors. Nationwide Evaluation of X-Ray
Trends (NEXT)—tabulation and graphical
summary of 2000 survey of computed to-
mography. Available at:  hetp://www.fda.
gov/cdrh/ct/2000survey.html. Accessed April
18, 2008.

. United States Pharmacopeia Drug Informa-

tion. Drug information for the health care
professional. 27th ed. Greenwood Village,
Colo: Thomson Micromedex; 2007.

. ICRP. Radiation dose to patients from ra-

diopharmaceuticals. Publication 80. New
York, NY: International Commission on
Radiological Protection; 1998.

Wall BF, Hart D. Revised radiation doses
for typical x-ray examinations. Report on a
recent review of doses to patients from med-
ical x-ray examinations in the UK by NRPB.
Br J Radiol 1997;70:437-9.

Beth A. Schueler, PhD, Department of Radiology Mayo Clinic, Rochester 200 First Street SW, Rochester, MN 55905;

schueler.beth@mayo.edu.



http://www.crcpd.org/Pubs/NextTrifolds/ThirtyYearsOfNEXT.pdf
http://www.crcpd.org/Pubs/NextTrifolds/ThirtyYearsOfNEXT.pdf
http://www.fda.gov/cdrh/ct/2000survey.html
http://www.fda.gov/cdrh/ct/2000survey.html
mailto:schueler.beth@mayo.edu

	Incorporating Radiation Dose Assessments Into the ACR Appropriateness Criteria®
	ACKNOWLEDGMENTS
	REFERENCES


