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Many of the diagnostic imaging examinations described
in the ACR Appropriateness Criteria® (AC) guidelines
involve exposure of patients to ionizing radiation from
radioactive materials or x-rays. Potential adverse health
effects associated with radiation exposure are an
important factor to consider when selecting the
appropriate imaging procedure. Because there is a wide
range of radiation exposures associated with different
diagnostic procedures, relative radiation levels (RRLs)
have been included for most imaging examinations (see
Table 1) [1,2]. The RRLs are based on effective dose,
which is a radiation dose quantity used to estimate
population total radiation risk associated with an imaging
procedure. This quantity takes into account the sensitivity
to radiation of different body organs and tissues [3]. It is
expressed in units of millisieverts (mSv). It is important to
note that since effective dose does not delineate
differences in risk based on age and sex, it cannot
accurately specify risk for an individual patient. However,
effective dose does provide a way to approximately
compare relative risk between different imaging
examinations. All RRL assignments are based on reviews
of current literature and the experience of medical
physicists and radiologists [4-10]. In some examinations,
dose estimates from published studies and/or practice
experience vary significantly; in these cases, the
reviewing committee conservatively assigned the RRL for
the examination to the higher level. These assignments
will be periodically reviewed and updated, as practice
evolves and further information becomes available.

The primary risk associated with exposure to ionizing
radiation is cancer. Based on the BEIR VII report, it is
estimated that approximately 1 in 1,000 individuals will
develop cancer from an exposure of 10 mSv. This risk
level is relatively small in comparison to approximately
420 out of 1,000 individuals expected to develop cancer
from all other causes combined [11]. Keep in mind that
cancer, regardless of the etiologic process, has a latent
period of 10-20 years. Further, it is important to
remember that in addition to radiation exposure from
imaging procedures, individuals are exposed to
background radiation from natural sources, including

radon, cosmic rays, soil, building materials, and food. The
average annual amount of natural background radiation
for someone living in the United States is approximately 3
mSv [12].

The RRL designations specified in these guidelines
assume an average adult patient size (or applicable
pediatric size) and that typical imaging equipment,
radiographic techniques, and radiopharmaceutical dosage
levels are used. Radiation levels vary substantially as a
function of differences in patient size and local imaging
practices [13]. A qualified medical physicist must be
consulted for more accurate dose estimates in specific
clinical situations.

In the current version of the AC, RRLs are designated as
NS (not specified) for most image-guided interventional
procedures, since the actual patient doses in these
procedures vary as a function of a number of factors.
These include patient factors, such as body habitus and
age, and technical factors, such as type of imaging
modality used for guidance, specific nature of the
intervention, treatment modality used, and skill and
experience of the operator. For example, biopsy of a lung
nodule may be done with fluoroscopic or CT guidance.
The CT may involve static imaging or CT fluoroscopy.
The lesion may be peripheral, large, and readily
accessible, or central, small and technically very
challenging to reach. Similarly, if a patient is undergoing
visceral angiography for the treatment of a
gastrointestinal bleed, the procedure may be very brief if a
precise bleeding site is readily identified and treated with
embolization, or it may require a long period of
fluoroscopy and many recorded angiographic runs due to
unclear or confusing findings, or inability to easily
canulate a small suspect artery. For these reasons, the
actual dose to a given patient for a given intervention may
vary from none to high.

Certain patient groups require special attention with
regard to radiation exposure. Radiation-induced cancer
mortality risk in children is 3 to 5 times higher than for
adults [3]. Even though radiation levels required for
imaging examinations of children are generally lower

Table 1. Relative radiation level designations along with common example examinations for each classification

Relative Radiation Effective Dose ot | s
Level* Estimate Range
None 0 Ultrasound, MRI
Minimal <0.1 mSv Chest radiographs, hand radiographs
Low 0.1-1 mSv Pelvis radiographs, mammography
Medium 1-10 mSv Abdomen CT, barium enema, nuclear medicine bone scan
High 10-100 mSv Abdomen CT without and with contrast, whole body PET

*The RRL assignments for some of the examinations cannot be made, because the actual patient doses in these procedures
vary as a function of a number of factors (eg, the region of the body exposed to ionizing radiation, the imaging guidance
that is used, etc). The RRLs for these examinations are designated as NS (not specified).
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than those for adults due to their smaller size, it is
particularly important to consider radiation exposure
levels when selecting appropriate imaging examinations
for children due to their significantly greater sensitivity to
radiation exposure [14]. Conversely, for CT examinations,
radiation doses may not be lower for small patients and
children. Unless specific pediatric reduced radiographic
techniques have been implemented by the facility, the
radiation levels for small patients and children may
exceed typical adult radiation levels. It is also important
to note that as people age, their risk of radiation-induced
cancer decreases. As a result, when compared to a 40-
year-old, an 80-year-old is 3 to 4 times less likely to
develop cancer from radiation exposure [12].

The developing conceptus is also particularly sensitive to
radiation exposure, which may result in various adverse
effects on the fetus, including mental retardation, organ
malformations, and childhood cancer. Though the fetal
dose from diagnostic x-ray procedures is generally below
the threshold for increased risk of developmental damage,
unintended fetal exposure should be avoided by
establishing the pregnancy status of female patients of
reproductive age prior to conducting any imaging
procedure which involves direct exposure of the abdomen
[15]. Radiological examinations outside the abdominal
region in general result in only minimal fetal exposure
and can be done safely. Before any imaging procedures
involving ionizing radiation are performed on pregnant
patients, however, the clinical necessity, possible
alternatives that do not involve ionizing radiation, and all
other risk factors should be carefully evaluated, and if the
examination is undertaken, it should potentially be
modified to minimize radiation dose.

Although the overall risk of cancer induction from a
diagnostic imaging procedure involving ionizing radiation
is small, it is not zero. Therefore, it is important to
minimize patient radiation exposure and avoid ordering
unnecessary examinations. When selecting an imaging
procedure, the patient’s previous imaging examinations
should be considered. A patient with a history of
examinations in the Medium or High RRL classification
may prompt selection of a slightly less indicated study
with a lower RRL or one that does not use ionizing
radiation. Above all, any exposure that accompanies an
imaging examination should be justified based on the
benefit to the patient.

Frequently patients will ask physicians questions about
the radiation exposure associated with imaging
examinations and the risk of ionizing radiation in general.
An easily-accessible resource that can be used for these
discussions is the RadiologyInfo website
(www.radiologyinfo.org). ~ This  website  provides
information to the public on radiologic procedures,

including specific content on radiation exposure and
safety. The material is provided by experts in the field of
radiology from the ACR and the Radiological Society of
North America.
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Zhu, MS; Priscilla F Butler, MS.

References

1. Royal College of Radiologists. Making the best use of a
department of clinical radiology: guidelines for doctors. Sth ed.
London: The Royal College of Radiologists; 2003.

2. Martin CJ. Effective dose: how should it be applied to medical
exposures? Br J Radiol 2007; 80(956):639-647.

3. International Commission on Radiological Protection, 1990
Recommendations of the International Commission on
Radiological Protection, ICRP Publication 60. Ann ICRP
1991;21:1-3.

4. Bor D, Sancak T, Olgar T, et al. Comparison of effective doses
obtained from dose-area product and air kerma measurements in
interventional radiology. Br J Radiol 2004; 77(916):315-322.

5. National Council on Radiation Protection and Measurements.
Exposure of the US population from diagnostic medical radiation,
NCRP Report No. 100. Bethesda, MD; 1989.

6.  Conference of Radiation Control Program Directors. Nationwide
Evaluation of X-Ray Trends (NEXT) - Tabulation and Graphical
Summary of 2000 Survey of Computed Tomography:
http://www.fda.gov/cdrh/ct/2000survey.html; 2007:In publication:
CRCPD publication no. E-07-02.

7. United States Pharmacopeia Drug Information: Drug Information
for the Health Care Professional. 27th ed. Greenwood Village,
CO: Thomson Micromedex; 2007.

8. ICRP Publication 80: Radiation Dose to Patients from
Radiopharmaceuticals. Rev ed: Elsevier; September 1, 1999.

9.  Mettler FA, Jr., Huda W, Yoshizumi TT, Mahesh M. Effective
doses in radiology and diagnostic nuclear medicine: a catalog.
Radiology 2008; 248(1):254-263.

10. Wall BF, Hart D. Revised radiation doses for typical X-ray
examinations. Report on a recent review of doses to patients from
medical X-ray examinations in the UK by NRPB. National
Radiological Protection Board. Br J Radiol 1997; 70(833):437-439.

11. Committee to Assess Health Risks from Exposure to Low Levels
of lonizing Radiation, National Research Council. Health risks
from exposure to low levels of ionizing radiation: BEIR VII phase
2. Washington, DC: The National Academies Press; 2006.

12. National Council on Radiation Protection and Measurements.
Ionizing radiation exposure of the population of the United States.,
NCRP Report No. 93. Bethesda, MD; 1987.

13.  Amis ES, Jr., 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.

14. National Cancer Institute. Radiation Risks and Pediatric Computed
Tomography (CT): A Guide for Health Care Providers.
http://www.cancer.gov/cancertopics/causes/radiation-risks-
pediatric-CT. Accessed August 2009.

15. ACR practice guideline for imaging pregnant or potentially
pregnant adolescents and women with ionizing radiation. In:
Practice Guidelines and Technical Standards. Reston, Va:
American College of Radiology; 2008:23-37.

ACR Appropriateness Criteria®

Radiation Dose Assessment Introduction


http://www.radiologyinfo.org/
http://www.fda.gov/cdrh/ct/2000survey.html;
http://www.cancer.gov/cancertopics/causes/radiation-risks-pediatric-CT
http://www.cancer.gov/cancertopics/causes/radiation-risks-pediatric-CT


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


