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1.1 Document Development Process and Methodology
1.1.1 Writing Committee Organization
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1.1.2 Document Development and Approval
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2.1 Document Purpose
5*,6"3&-;+$/(i6"%;'%&6$",6"(&".66,6("-.'3,&J.6-;1.'"%'.-(,(,&/$'6"(&"%'&J,3$"&%(,+.1"-.'3,&J.6-;1.'"-.'$
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2.2 The Radiation Safety Issue
0.'3,&J.6-;1.'"%'&-$3;'$6"(*.("$+%1&4",&/,O,/2"'.3,.(,&/"*.J$"('./6)&'+$3"(*$"%'.-(,-$"&)"-.'3,&J.6-;1.'"+$3,-,/$D
5*$6$"%'&-$3;'$6"*.J$"2'$.("J.1;$")&'"3,.2/&6,6"./3"('$.(+$/("&)".%%'&%',.($14"6$1$-($3"%.(,$/(6">,(*"7/&>/"&'
6;6%$-($3"-.'3,&J.6-;1.'"3,6$.6$D"U/".33,(,&/B"(*$4"$/.A1$"+&'$"'$c/$3"'$-&2/,(,&/"./3"-*.'.-($',O.(,&/"&)
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2.3 The Need for Physician Radiation Safety Education
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2.4 Appropriateness of Medical Radiation
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3.1 Trends in Patient and Medical Personnel Radiation Exposure
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3.2 Potential Consequences of Patient and Medical Personnel Radiation Exposure
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4.1 Radiation Exposure and Dose Metrics
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3&6$"(*./"3&":_'.46B"2.++."'.46B"./3"$1$-('&/"%.'(,-1$6D"5&".3Y;6(")&'"(*,6"J.',.A,1,(4B"$.-*"'.3,.(,&/"(4%$",6".66,2/$3
."'.3,.(,&/">$,2*(,/2").-(&'"A4">*,-*"(*$".A6&'A$3"3&6$"a,/"I4b",6"+;1(,%1,$3"(&"4,$13"."+$.6;'$"&)"(*$"$:%$-($3
(,66;$",/Y;'4"-.;6$3"A4"(*.("3&6$D"5*$";/,("&)"+$.6;'$",6"(*$"6,$J$'("aMJb">*,-*",6"(*$".A6&'A$3"3&6$",/"I4"+;1(,%1,$3
A4"(*$"'.3,.(,&/">$,2*(,/2").-(&'D"T)"(*$"3,))$'$/("'.3,.(,&/"(4%$6B":_'.46B"2.++."'.46B"./3"$1$-('&/"%.'(,-1$6
a$1$-('&/6"./3"%&6,('&/6b".'$".66,2/$3"."'.3,.(,&/">$,2*(,/2").-(&'"&)"RD"T(*$'"%.'(,-1$"'.3,.(,&/"(4%$6"*.J$">$,2*(,/2



).-(&'6"'./2,/2"A$(>$$/"P"./3"PQD"8&'"+$3,-.1",+.2,/2B">*,-*"$+%1&46":_'.46"./3"2.++."'.46B".A6&'A$3"3&6$"./3
$\;,J.1$/("3&6$"(.7$"(*$"6.+$"J.1;$B"(*.(",6B"./"$:%&6;'$">,(*"./".A6&'A$3"3&6$"&)"PQ"+I4"*.6"./"$\;,J.1$/("3&6$"&)
PQ"+MJD

/AA2:4=E2%9572

9))$-(,J$"3&6$",6"."+$.6;'$"&)"(*$"$6(,+.($3"%&($/(,.1")&'"."A,&1&2,-.1"$))$-("&/"(*$"-&+%1$($"&'2./,6+"-.;6$3"A4".
%.'(,-;1.'".A6&'A$3"'.3,.(,&/"3&6$D"5*$"$))$-(,J$"3&6$"-&/6(';-("*.6"A$$/"3$J$1&%$3".6"."+$.6;'$"&)"(*$"$6(,+.($3
%&($/(,.1")&'"."6(&-*.6(,-"$))$-("a6;-*".6"-./-$'",/3;-(,&/b"(*.(">&;13"A$"-.;6$3"A4"."%.'(,-;1.'"a/&/;/,)&'+b
.A6&'A$3"'.3,.(,&/"3&6$D"U(",6"(*$"6;+"&)"(*$"$\;,J.1$/("3&6$6"'$-$,J$3"A4"$.-*"&'2./">,(*"$.-*"&'2./"$\;,J.1$/(
3&6$"+;1(,%1,$3"A4"."-&$h-,$/("(*.("'$d$-(6"(*.("&'2./i6"6$/6,(,J,(4"(&"."6(&-*.6(,-"$))$-(D"5*$";/,("&)"$))$-(,J$"3&6$",6
.16&"(*$"MJB".6"3,6-;66$3",/"2'$.($'"3$%(*",/"M$-(,&/"[D`D"5*$"MJB"1,7$"(*$"I4"&)"(*$".A6&'A$3"3&6$i6";/,(B",6"6%$-,c-"(&
,(6"%.'(,-;1.'"-&/($:("./3",6"$\;.1"(&"R"Y&;1$X72D"5*$"-&//$-(,&/"A$(>$$/"$))$-(,J$"3&6$"./3".A6&'A$3"3&6$",6"(*.("./
$))$-(,J$"3&6$"&)"R"MJ",6".66&-,.($3">,(*"(*$"6.+$"$6(,+.($3"6(&-*.6(,-"',67"(*.(".--&+%./,$6".";/,)&'+"(&(.1"A&34
$:%&6;'$">,(*"./".A6&'A$3"3&6$"&)"R"I4"&)"'.3,.(,&/"(*.("*.6"."'.3,.(,&/">$,2*(,/2").-(&'"&)"RD

U/"+$3,-.1"'.3,.(,&/"$:%&6;'$6B".A6&'A$3"3&6$",6"(4%,-.114"/&(";/,)&'+"(*'&;2*&;(".11"(,66;$6D"8&'":_'.4",+.2,/2B"3&6$
,6"-&/-$/('.($3",/"(*$"A&34"'$2,&/"A$,/2"$:.+,/$3"./3"J.',$6">,(*"3$%(*")'&+"(*$"A$.+"$/('./-$"%&'(D"8&'"/;-1$.'
,+.2,/2B"3&6$",6"-&/-$/('.($3",/"(*$"(,66;$6"(*.("+&6(".J,314"(.7$";%"(*$"('.-$'"&'".'$",/J&1J$3",/",(6"$1,+,/.(,&/D

<,))$'$/("(,66;$6"*.J$"3,))$'$/("6$/6,(,J,(,$6"(&"'.3,.(,&/_,/3;-$3"$))$-(6D"U/"(*$"$))$-(,J$"3&6$"-&/6(';-(B"$.-*"(,66;$
,6".66,2/$3"."(,66;$_>$,2*(,/2").-(&'"(*.("6%$-,c$6",(6"6$/6,(,J,(4"(&"'.3,.(,&/"$))$-(6D"5&"-.1-;1.($"(*$"$))$-(,J$"3&6$
,/"MJB"$.-*"$:%&6$3"(,66;$i6"$\;,J.1$/("3&6$",6"+;1(,%1,$3"A4",(6"(,66;$_>$,2*(,/2").-(&'"4,$13,/2"(*.("(,66;$i6
-&/(',A;(,&/"(&"(*$"&J$'.11"',67D"5*$"-&/(',A;(,&/6"(&"',67")'&+".11"$:%&6$3"(,66;$6".'$"6;++$3B"4,$13,/2"(&(.1"',67B
$:%'$66$3".6"(*$"$))$-(,J$"3&6$",/"MJD"aE&>"(*$"$))$-(,J$"3&6$",6"-.1-;1.($3",6"3,6-;66$3",/"2'$.($'"3$%(*",/"M$-(,&/
[D`bD

U(",6",+%&'(./("(&"/&($">,(*"'$2.'3"(&"-*,13*&&3"./3"($$/.2$"'.3,.(,&/"$:%&6;'$"(*.("(,66;$">$,2*(,/2").-(&'6"3&"/&(
(.7$",/(&".--&;/("(*$",/-'$.6$3"6$/6,(,J,(4"&)"(*$"(,66;$"&)"(*$"%$3,.(',-"%&%;1.(,&/D"5*;6B")&'"-*,13'$/"./3
.3&1$6-$/(6B"."2,J$/"'.3,.(,&/"$:%&6;'$"-&/)$'6"."2'$.($'"',67"(*./"(*$"6.+$"$:%&6;'$">&;13"-&/)$'"(&"./".3;1(
%&%;1.(,&/D"U/".33,(,&/B"-*,13'$/">*&"3&"/&("*.J$"1,)$"(*'$.($/,/2"3,6&'3$'6"*.J$"."1&/2"1,)$"$:%$-(./-4B">*,-*
%'&J,3$6"."1&/2$'"%$',&3")&'"'.3,.(,&/_,/3;-$3",11/$66"(&"%'$6$/("S#VUD

4.2 Challenges in Relating Radiation Exposure and Dose to Risk of Detrimental Effects
<$(',+$/(.1"$))$-(6"&)"'.3,.(,&/"$:%&6;'$"(4%,-.114"%'$6$/(">$$76"(&"4$.'6")&11&>,/2"$:%&6;'$D"U/".33,(,&/B"+./4
3$(',+$/(.1"$))$-(6B"%',/-,%.114"-./-$'B"*.J$"."1.'2$"A.-72'&;/3")'$\;$/-4"(*.("-&+%1,-.($6"(*$".((',A;(,&/"&)"./
$))$-(",/"."%.'(,-;1.'"6;AY$-("(&"%',&'"'.3,.(,&/"$:%&6;'$D

4.3 Types of Ionizing Radiation Used in Medical Imaging
#.3,.(,&/",/"-.'3,&J.6-;1.'",+.2,/2"-&/6,6(6"&)"%*&(&/6">,(*"$/$'24"qRQ"7,1&$1$-('&/"J&1(6"a7$Fb"a:_'.46"./3"2.++.
'.46b"./3"%&6,('&/6D"5*$"%*46,-.1"$))$-("&)"6;-*"'.3,.(,&/",6"(&"$Y$-("$1$-('&/6")'&+".(&+6"(*.("-&+%',6$"(,66;$
+&1$-;1$6")&'+,/2",&/6"./3")'$$"'.3,-.16D"5*,6"-.;6$6"+&1$-;1.'"3.+.2$B"%&($/(,.114"3$6('&4,/2"."+&1$-;1$"&'
.1($',/2",(6");/-(,&/D"5*,6",6"(*$"A.6,6")&'"(*$"($'+"j,&/,O,/2"'.3,.(,&/k"a3,6-;66$3",/"3$(.,1",/" M$-(,&/"` bD

4.3.1 X-Rays and Gamma Rays
^_'.46"./3"2.++."'.46".'$",/"."-1.66"&)",&/,O,/2"'.3,.(,&/6B">*,-*",6"('./6+,(($3"A4"%*&(&/6D"=*&(&/6"('.J$1".("(*$
6%$$3"&)"1,2*(B"./3"*.J$"/&"+.66"./3"/&"-*.'2$D"5*$,'"$1$-('&+.2/$(,-"$/$'24"'./2$6")'&+".")$>"$1$-('&/"J&1(6"a$Fb
(&"+,11,&/6"&)"$1$-('&/"J&1(6"a@$FbD"5*$"$/$'2,$6"-&++&/14"$+%1&4$3",/"-.'3,&J.6-;1.'",+.2,/2".'$"($/6"(&"*;/3'$36
&)"7$FD



^_'.4"&'"2.++."%*&(&/6"-.;6$",&/,O.(,&/"A4"-&11,3,/2">,(*"./3"$Y$-(,/2"$1$-('&/6")'&+".(&+6"&)"-&/6(,(;$/("(,66;$
+&1$-;1$6D"9/$'24",6"$:-*./2$3",/"(*$"%'&-$66B">,(*"(*$"$Y$-($3"$1$-('&/"2.,/,/2"$/$'24"&)"+&(,&/"./3"(*$"%*&(&/
1&6,/2"$/$'24D"5*$",/-,3$/("%*&(&/"+.4"&'"+.4"/&("A$"$:(,/2;,6*$3"A4"(*$",/($'.-(,&/D"!)($'"./",/,(,.1",/($'.-(,&/">,(*
./".(&+B"%*&(&/6"(*.(">$'$"/&("$:(,/2;,6*$3"-&/(,/;$"(&"('.J$1"(*'&;2*"(*$"$:%&6$3"+$3,;+".("."3$2'.3$3"$/$'24D
5*$">$.7$/$3"a6-.(($'$3b"%*&(&/"-./"-&11,3$">,(*".33,(,&/.1".(&+6"a);'(*$'"$:%&6,/2"(*$"6;AY$-(bB"%&($/(,.114",&/,O,/2
(*$+".6">$11B";/(,1"$,(*$'".11"&)",(6"$/$'24",6"3,66,%.($3"./3"(*$"%*&(&/"-$.6$6"(&"$:,6(B"&'",("$6-.%$6")'&+"(*$"6;AY$-(
a$:%&6,/2"(*$"$/J,'&/+$/(bD

^_'.46";6$3",/":_'.4"d;&'&6-&%4"./3":_'.4"05"*.J$"."&)"%*&(&/"$/$'24"6%$-(';+"A$(>$$/"ZQ"./3"R[Q"7$F"a(*$"$/$'24
6%$-(';+"&)":_'.46"2$/$'.($3",/"(4%,-.1"3,.2/&6(,-":_'.4"(;A$6",/-1;3$6"%*&(&/"$/$'2,$6"tZQ"7$FB"A;("(*$"+.Y&',(4"&)
(*$6$"1&>$'_$/$'24"%*&(&/6".'$"c1($'$3"&;(",/"(*$":_'.4"(;A$"./3"3&"/&("$:%&6$"(*$"6;AY$-(bD"5*.11,;+_PQR"./3
5$-*/$(,;+_gg+"a5-_gg+b".'$"(*$"%',/-,%.1"'.3,&/;-1,3$6";6$3",/"-.'3,&J.6-;1.'"/;-1$.'"6-,/(,2'.%*4"6(;3,$6D
5*.11,;+_PQR"'$1$.6$6"%*&(&/6"%',+.',14",/"(*$"WS"(&"SQ"7$F"'./2$B"6,+,1.'"(&"3,.2/&6(,-":_'.46D"5-_gg+"'$1$.6$6
%*&(&/6"%',+.',14",/"(*$"R[Q"7$F"'./2$D

4.3.2 Positrons
=&6,('&/6".'$"%&6,(,J$14"-*.'2$3"$1$-('&/6D"5*$4"*.J$"+.66"./3"-*.'2$D"?*$/"%&6,('&/6"('.J$1"(*'&;2*"."+$3,;+B
(*$,'"$1$-('&6(.(,-"-*.'2$"-.;6$6"(*$+"(&",/($'.-("'$.3,14">,(*"$1$-('&/6",/"(*$"+$3,;+B"1$.J,/2"."('.,1"&)",&/,O.(,&/D
0&/6$\;$/(14B"(*$4"*.J$"."J$'4"6*&'("+$./")'$$"%.(*",/"(,66;$"&)"W"(&"e"++">,(*"."+.:,+;+"&)"R`DP"++D"=&6,('&/6
-&/(,/;$"(&"-.;6$",&/,O.(,&/";/(,1"(*$,'"$/$'24"3$-'$.6$6"(&"."-',(,-.1"1$J$1B".(">*,-*"%&,/("(*$4".'$".//,*,1.($3"A4
-&11,3,/2">,(*"./"$1$-('&/"&)"."-&/6(,(;$/(".(&+D"5*,6".//,*,1.(,&/"%'&-$66"'$1$.6$6"P"`RR_7$F"2.++."'.4"%*&(&/6
(*.("('.J$1",/"&%%&6,($"3,'$-(,&/6D"G$-.;6$"(*$"$+,(($3"%*&(&/6"*.J$"6;-*"*,2*"$/$'24B"(*$4".'$"+,/,+.114".(($/;.($3
,/"(,66;$B"./3"(*$"+.Y&',(4"'$.-*"(*$",+.2,/2"3$($-(&'D"#;A,3,;+_SP",6"(*$"+&6("-&++&/14";6$3"%&6,('&/"$+,(($'")&'
+4&-.'3,.1"%$');6,&/",+.2,/2o"/,('&2$/_RZ".++&/,.",6";6$3"1$66")'$\;$/(14")&'"(*,6"%;'%&6$D"81;&',/$_RS
3$&:421;-&6$",6";6$3",/"-.'3,&1&24")&'"+$(.A&1,-",+.2,/2"./3"(&"3$($-("+4&-.'3,.1"6.'-&,3"./3"&(*$'",/d.++.(&'4
-&/3,(,&/6D

4.4 Relationships Between Exposure and Absorbed Dose
@$3,-.1"'.3,.(,&/"$:%&6;'$6"&--;'",/"P">.46V

RD"9:%&6;'$")'&+"./"$:($'/.1"'.3,.(,&/"A$.+"a:_'.4"d;&'&6-&%4"./3":_'.4"05b

PD"9:%&6;'$")'&+"'.3,&.-(,J$"3$-.4">,(*,/"(*$"6;AY$-("a/;-1$.'"6-,/(,2'.%*4bD

4.4.1 Exposure From External Beams
8&'"$:($'/.1"'.3,.(,&/"A$.+6B"(*$".A6&'A$3"3&6$",6"3$($'+,/$3"A4"(*$"(&(.1",/-,3$/("$:%&6;'$B"(*$"%'&%$'(,$6"&)"(*$
,/-,3$/("'.3,.(,&/B"./3"(*$"J&1;+$"&)"(,66;$"$:%&6$3D"9:%&6;'$")'&+"./"$:($'/.1"A$.+",6"+$.6;'$3">,(*"(*$
%.'.+$($'" %.!/>"!*%D

!,'"7$'+.",6"(*$"6(./3.'3";/,("&)"+$.6;'$")&'":_'.4"A$.+"$:%&6;'$D"K$'+.",6"./".-'&/4+")&'"j >,/$(,-" " /$'24" !$1$.6$3
,/" *%($',.1Dk"K$'+.",6"./"$/$'24",/($/6,(4"+$.6;'$3",/";/,(6"&)"Y&;1$6"&)"$/$'24"'$1$.6$3"%$'"7,1&2'.+"&)".A6&'A,/2
+.($',.1"aCX72bD"5*$"7$'+.";/,("&)"+$.6;'$",6"(*$"2'.4"aI4bB">*,-*"'$%'$6$/(6"R"Y&;1$"&)"$/$'24"'$1$.6$3"%$'"7,1&2'.+
&)".A6&'A,/2"+.($',.1D"5*$"+$(',-"j.,'"7$'+.k",6";6$3",/"+$3,-.1":_'.4"d;&'&6-&%,-".%%1,-.(,&/6"A$-.;6$"(*$
+$.6;'$+$/(",6"+.3$";6,/2".,'".6"(*$".A6&'A,/2"+.($',.1"(*.(",6",&/,O$3"A4"(*$",/-,3$/("'.3,.(,&/"A$.+D

4.4.1.1 Absorbed Dose in Tissue From an External Beam
!6"3$6-',A$3",/" M$-(,&/"[DRB"'.3,.(,&/".A6&'A$3"3&6$B".6"3,6(,/2;,6*$3")'&+"$:%&6;'$B",6"./"$/$'24".&'"&-.'C7"(*$
-&/-$/('.(,&/"&)"'.3,.(,&/"$/$'24".-(;.114"3$%&6,($3",/"(*$"$:%&6$3"(,66;$D"L&(".11"'.3,.(,&/"$/$'24"(*.(",+%,/2$6"&/".
(,66;$",6".A6&'A$3D"M&+$"'.3,.(,&/"a."J.',.A1$"\;./(,(4"3$%$/3,/2"&/"A&(*"'.3,.(,&/"./3"(,66;$"-*.'.-($',6(,-6b



%.66$6"(*'&;2*"(*$"(,66;$">,(*&;(",/($'.-(,/2">,(*",(B"3$%&6,(,/2"/&"$/$'24D"a5*,6")'.-(,&/"&)"(*$"'.3,.(,&/",6">*.(
2$/$'.($6"(*$"'.3,&1&2,-.1",+.2$bD"!A6&'A$3"3&6$",6".16&"./",/($/6,(4"+$.6;'$3",/"2'.4"aI4bB">*,-*"'$%'$6$/(6
3$%&6,(,&/"&)"R"Y&;1$"&)"$/$'24"%$'"7,1&2'.+"&)",''.3,.($3"(,66;$D

9:($'/.1"A$.+"$/$'24"3$%&6,(,&/",/"(,66;$",6"/&(";/,)&'+D"^_'.4"'.3,.(,&/",6".(($/;.($3".6",("%.66$6"(*'&;2*"(,66;$D
8&'"3,.2/&6(,-":_'.46B",/"+&6("(,66;$6B":_'.4",/($/6,(4"3$-'$.6$6"A4".%%'&:,+.($14".").-(&'"&)"P")&'"$.-*"`"-+"&)"(,66;$
(*.(",("('.J$'6$6D"5*;6B"(,66;$"$:%&6$3"(&"./"$:($'/.1":_'.4"A$.+B".6"&--;'6",/":_'.4"d;&'&6-&%4"./3":_'.4"05B",6"/&(
$:%&6$3";/,)&'+14l(*$"3&6$"3$-'$.6$6"$:%&/$/(,.114">,(*"3$%(*")'&+"(*$"A$.+"$/('./-$"%&'(D"5*$",/-,3$/("A$.+".,'
7$'+.",6"."2&&3"+$.6;'$"&)"3&6$".("(*$"A&34"6;').-$B"A;("6(';-(;'$6"3$$%$'"(*./"(*$"A&34"6;').-$"'$-$,J$"6+.11$'
3&6$6D"5*;6B"(&"$6(,+.($"(*$"3&6$"(&"."%.'(,-;1.'"A&34"6(';-(;'$">,(*,/"(*$"%.(*"&)"./":_'.4"A$.+"A;("'$+&($")'&+"(*$
A$.+"$/('./-$"6,($B".3Y;6(+$/(6"*.J$"(&"A$"+.3$"(&".--&;/(")&'"A$.+".A6&'A./-$D

4.4.1.2 Kerma-Area Product: Incorporating the Volume of Exposed Tissue in X-Ray Fluoroscopy
K$'+."a+$.6;'$3",/"I4b",6"."+$.6;'$"&)"3&6$",/($/6,(4"aY&;1$6"&)"$/$'24"3$%&6,($3"%$'"72"&)"(,66;$bD"5*$"',67"&)
'.3,.(,&/"*.'+",6"'$1.($3"A&(*"(&"(*$",/($/6,(4"&)"(*$"'.3,.(,&/"3&6$"./3"(&"(*$"\;./(,(4"&)"(,66;$"(*.("'$-$,J$6"(*$
3&6$D"a5*$"2'$.($'"(*$"\;./(,(4"&)"(,66;$"(*.("'$-$,J$6"."2,J$/"3&6$B"(*$"2'$.($'"(*$"',67Db"K$'+._.'$."%'&3;-("aK!=b",6
(*$"%'&3;-("&)"(*$"A$.+i6"7$'+."./3",(6"-'&66_6$-(,&/.1".'$.D"5*;6B"(*,6"%.'.+$($'".16&",/-&'%&'.($6"(*$"J&1;+$"&)
(,66;$",''.3,.($3D"5*,6"-&/-$%(",6"%.'(,-;1.'14",+%&'(./(",/":_'.4"d;&'&6-&%4B".6",+.2,/2"c$13"6,O$6"-./"J.'4
-&/6,3$'.A14"1$.3,/2"(&"J$'4"3,))$'$/("K!=6")'&+"&/$"$:.+,/.(,&/"(&"./&(*$'D

4.4.1.3 Kerma-Length Product: Incorporating the Volume of Exposed Tissue in X-Ray CT
05"3$1,J$'6"'.3,.(,&/"(&"."%.(,$/(",/"."+.//$'"\;,($"3,))$'$/(")'&+"(*.("&)"%'&Y$-(,&/.1",+.2,/2"&'"d;&'&6-&%4D
54%,-.114B"."/.''&>":_'.4"A$.+">,(*"."'$-(./2;1.'"-'&66"6$-(,&/",6";6$3"(&"-&11$-(",+.2$6")'&+"+;1(,%1$"./21$6".6",(
'&(.($6".'&;/3"(*$"%.(,$/(D"5*,6"3,6(',A;($6"(*$"3&6$"+;-*"+&'$";/,)&'+14".'&;/3"(*$"%.(,$/("-&+%.'$3">,(*
%'&Y$-(,&/.1",+.2,/2D"U/6($.3"&)"+$.6;',/2"./"$/('./-$".,'"7$'+."(&"(*$"%.(,$/(B"j3&6$k",6"+$.6;'$3"A4"-&/J$/(,&/".6
./".,'"7$'+.",/6,3$"&)"./".-'41,-"-41,/3$'";6$3"(&"6,+;1.($"."%.(,$/(D"5>&"6,O$6"&)"-41,/3$'6".'$";6$3V"ZP_"./3"RW_-+
3,.+$($'6B"&)($/"'$)$''$3"(&".6"A&34"./3"*$.3"%*./(&+6B"'$6%$-(,J$14D"!,'"7$'+.",6"+$.6;'$3",/6,3$"(*$"%*./(&+
;6,/2"./",&/,O.(,&/"-*.+A$'",/"(*$"6*.%$"&)"."%$/-,1"(*.(",6"%1.-$3",/6,3$"."*&1$"(*.(",6".%%'&%',.($14"3',11$3",/"(*$
%1.6(,-"%*./(&+D"5*,6"4,$136"(*$"3&6$"j,/($/6,(4k"./.1&2&;6"(&"(*$".,'"7$'+."+$.6;'$+$/(")&'":_'.4"d;&'&6-&%4D

5*$"%*./(&+".,'"7$'+.",6"+;1(,%1,$3"A4"(*$".:,.1"6-./"1$/2(*"(&",/-&'%&'.($"(*$"J&1;+$"&)"(,66;$",''.3,.($3D"5*,6
+$(*&3"2$/$'.($6"."J.',$(4"&)"3&6$"+$(',-6")&'":_'.4"05o"(*$6$".'$"3,6-;66$3",/"3$(.,1",/" M$-(,&/"WD"8&'"$:.+%1$B"(*$
-&+%;($3"(&+&2'.%*4"3&6$",/3$: "a05<U b",6"."+$.6;'$"&)"(*$"3&6$"3$1,J$'$3".1&/2"."RQQ_++"6-./"1$/2(*D
0&+%;($3"(&+&2'.%*4"3&6$",/3$: "a05<U">$,2*($3b".--&;/(6")&'"(*$").-("(*.("+&'$"%$',%*$'.114"1&-.($3"6(';-(;'$6B
>*,-*".'$"-1&6$'"(&"(*$"A$.+"$/('./-$B"'$-$,J$"1.'2$'"3&6$6"(*./"3$$%$'"6(';-(;'$6D

4.4.2 Exposure From Radionuclides
]/1,7$"$:($'/.1"A$.+"$:%&6;'$6B"'.3,&/;-1,3$"$:%&6;'$6"-&+$")'&+"'.3,&.-(,J$"3$-.4">,(*,/"(*$"6;AY$-(D"U/"/;-1$.'
-.'3,&1&24".%%1,-.(,&/6B"."'.3,&%*.'+.-$;(,-.1",6".3+,/,6($'$3"646($+,-.114"./3"3,6(',A;($6"(*'&;2*&;("(*$"A&34D
<,6(',A;(,&/"+.4"A$"%'$)$'$/(,.1"(&"%.'(,-;1.'"(,66;$6"3$%$/3,/2"&/"(*$"%*.'+.-&1&2,-.1"%'&%$'(,$6"&)"(*$
'.3,&%*.'+.-$;(,-.1D"5*$"3&6$"3$1,J$'$3"A4"."'.3,&%*.'+.-$;(,-.1",6"3$($'+,/$3"A4"(*$".-(,J,(4".3+,/,6($'$3B"(*$
('.-$'"3,6(',A;(,&/B"(*$"('.-$'"$1,+,/.(,&/"'.($B"./3"(*$"('.-$'i6"(,+$_.-(,J,(4"'$1.(,&/6*,%6D"5*$6$"3.(.",/"-&+A,/.(,&/
>,(*"(*$"('.-$'"'.3,&/;-1,3$i6"'.3,.(,&/"-*.'.-($',6(,-6"%$'+,("$6(,+.(,&/"&)"'.3,.(,&/"3&6$"3$1,J$'$3"(&"$.-*"&'2./"&'
(,66;$D"5*,6"+&3$1",6"3,6-;66$3",/"2'$.($'"3$(.,1",/"M$-(,&/"WD

4.5 Estimating Effective Dose
5*$"-&/-$%("&)"$))$-(,J$"3&6$">.6")&'+;1.($3"(&"-'$.($"."+$(',-"(*.("$6(,+.($6"."2,J$/"'.3,.(,&/"3&6$i6"-&/(',A;(,&/
(&"6(&-*.6(,-"*$.1(*"',67l/.+$14"(*$"',67"&)"-./-$'",/3;-(,&/"./3"&)"2$/$(,-"-*./2$6"a6$$" M$-(,&/"`DPDPb"S#WUD"5*$
$))$-(,J$"3&6$"-&/-$%(",6"3$',J$3")'&+"P").-(6"&)"'.3,.(,&/"3&6,+$('4V

RQQ RQQ

> ?



RD"@$3,-.1"./3"&--;%.(,&/.1"'.3,.(,&/"$:%&6;'$6".'$"2$/$'.114"/&(";/,)&'+B">,(*"6&+$"&'2./6"./3"(,66;$6
'$-$,J,/2"2'$.($'"$:%&6;'$6"(*./"&(*$'6D

PD"M$/6,(,J,(4"(&"'.3,.(,&/_,/3;-$3"3$(',+$/(.1"$))$-(6"J.',$6".+&/2"3,))$'$/("&'2./6"./3"(,66;$6D

5*$"$))$-(,J$"3&6$",6"$:%'$66$3",/";/,(6"($'+$3"MJ"aM$-(,&/"[DRbD"5*$";/,(6".'$"."6%$-,.1"($'+")&'"CX72"a(*$"6.+$".6
)&'"(*$"I'.4bD"5*$"MJ"'$%'$6$/(6"(*$"*4%&(*$(,-.1";/,)&'+">*&1$_A&34"3&6$"(*.("-&/)$'6"(*$"6.+$"6(&-*.6(,-"',67".6
(*$"/&/;/,)&'+"3&6$".-(;.114"3$1,J$'$3D"!";/,)&'+"(&(.1"A&34".A6&'A$3"3&6$"&)"R"CX72"&)"'.3,.(,&/"(*.("*.6".
'.3,.(,&/">$,2*(,/2").-(&'"&)"R">&;13"4,$13"./"$))$-(,J$"3&6$"&)"R"MJD

5*$"$))$-(,J$"3&6$"-&/6(';-(".66,2/6"$.-*"&'2./X(,66;$".">$,2*(,/2").-(&'"(*.("'$d$-(6"(*$"(,66;$i6"6$/6,(,J,(4"(&
'.3,.(,&/_,/3;-$3"6(&-*.6(,-"',67D"5*$"-.1-;1.(,&/"&)"$))$-(,J$"3&6$",/J&1J$6"$6(,+.(,/2"$.-*"&'2./i6".-(;.1"$\;,J.1$/(
3&6$"a,/"I4bD"5*.("3&6$",6".3Y;6($3"A4"+;1(,%14,/2",("A4"(*$"&'2./i6"(,66;$_>$,2*(,/2").-(&'D"5*$"&'2./"6$/6,(,J,(4_
.3Y;6($3",/3,J,3;.1"&'2./"3&6$6".'$"6;++$3"(&"4,$13"."(&(.1"$))$-(,J$"3&6$"a,/"MJbD

8&'"."-*$6("$:%&6;'$B".A6&'A$3"3&6$",6"-&/-$/('.($3",/"(*$"67,/B"+$3,.6(,/.1"6(';-(;'$6B"1;/26B"A'$.6(B"./3"(*&'.-,-
A&/$"+.''&>D"<&6$6"(&"(*$6$"&'2./6">&;13"-&/(',A;($"(*$"1.'2$6("-&+%&/$/(6"(&"(*$"$))$-(,J$"3&6$"-.1-;1.(,&/D
M+.11$'"\;./(,(,$6"&)"6-.(($'$3"'.3,.(,&/">&;13"$:%&6$"(*$".A3&+,/.1"J,6-$'."./3";%%$'"/$-7D"!6"(*$6$"&'2./6">&;13
'$-$,J$"6+.11$'"$:%&6;'$6B"(*$,'"-&/(',A;(,&/"(&"(*$"$))$-(,J$"3&6$"-.1-;1.(,&/">&;13"A$"6+.11$'D"T(*$'"(4%$6"&)
'.3,&1&2,-.1"$:.+,/.(,&/6B"6;-*".6":_'.4"05"./3"-.'3,.-"6-,/(,2'.%*4B">&;13"*.J$"3,))$'$/("&'2./"$:%&6;'$
3,6(',A;(,&/6"4,$13,/2"3,))$'$/("$))$-(,J$"3&6$"-.1-;1.(,&/6D

<$',J,/2"."\;./(,(.(,J$"+$.6;'$"&)"."6;AY$-(i6"$6(,+.($3",/-'$.6$3"-./-$'"',67"3;$"(&"."6%$-,c$3"$))$-(,J$"3&6$",6
-&+%1$:"A$-.;6$"(*$"',67"+.2/,(;3$",6"3$($'+,/$3"A4"/;+$'&;6"&(*$'"J.',.A1$6B",/-1;3,/2"6;AY$-(".2$"a-*,13'$/"./3
4&;/2".3;1(6".'$"+&'$"6;6-$%(,A1$bB"2$/3$'"a>&+$/".'$"+&'$"6;6-$%(,A1$bB"./3"/.(;'.1"1,)$"$:%$-(./-4"a1&/2$'"/.(;'.1
1,)$"$:%$-(./-4"-&/)$'6"."1&/2$'"(,+$".J.,1.A1$")&'"-./-$'"(&"%'$6$/(" ^#V_bD"M(.(,6(,-.1"+&3$16"(*.(".(($+%("(&"\;./(,)4
(*$"3&6$_',67"'$1.(,&/6*,%"*.J$"A$$/"3$J$1&%$3"A.6$3"&/"1.'2$"%&%;1.(,&/"$:%&6;'$6D"5*$6$"+&3$16".'$"3,6-;66$3",/
M$-(,&/"`D[D

5*$",/3,J,3;.1"(,66;$">$,2*(,/2").-(&'6"*.J$"A$$/"'$J,6$3"&J$'"(,+$".6".--;+;1.(,/2"$%,3$+,&1&2,-.1"$J,3$/-$
%$'+,(6"+&'$"%'$-,6$"$6(,+.($6"&)"&'2./"6$/6,(,J,(4D"5*$"U/($'/.(,&/.1"0&++,66,&/"&/"#.3,.(,&/"='&($-(,&/"%;A1,6*$3
(*$"+&6("'$-$/("&'2./"6$/6,(,J,(4"$6(,+.($6",/"PQQe",/"U0#="=;A1,-.(,&/"RQZ" S#XUD"5*$"$6(,+.($6".'$"1,6($3",/".>R?2%VD

FU9?"ULHUL9"n" FU9?"=T=]=

.>R?2%V

.=7782%K2=CL4=6C%P>:4537%@72D%45%'>?:8?>42%/AA2:4=E2%9572%=6%+=2E2347

5*$"(,66;$">$,2*(,/2").-(&'6".'$"+$.6;'$6"&)"(*$",/3,J,3;.1"(,66;$i6",/(',/6,-"6$/6,(,J,(,$6"(&"'.3,.(,&/_,/3;-$3"-./-$'D
5*'$$".%%1,-.(,&/6"&)"(*$"$))$-(,J$"3&6$"-&/-$%("*.J$"'$1$J./-$")&'"+$3,-.1"$:%&6;'$"(&"%.(,$/(6";/3$'2&,/2
-.'3,&J.6-;1.'"%'&-$3;'$6"./3"&--;%.(,&/.114"$:%&6$3"+$3,-.1"%$'6&//$1D"5*$4".'$V

RD"8&'"-.'3,.-":_'.4"d;&'&6-&%4"./3"-.'3,.-":_'.4"05B"(*$"'.3,.(,&/",6"-&/-$/('.($3",/"(*$"6;AY$-(i6"-*$6(D"5*;6B
(*$"$:%&6;'$6"(*.("-&/(',A;($"(*$"+&6("(&"6(&-*.6(,-"',67".'$"(*$"(*&'.-,-"'$3"A&/$"+.''&>o"(*$"1;/2o"./3B",/
)$+.1$6B"(*$"A'$.6(D

PD"@$.6;'$+$/(6"&)"$:%&6;'$",/"%*./(&+6"%'&J,3$"+&3$16"(*.("$/.A1$"(*$"'&;2*"$6(,+.(,&/"&)"$\;,J.1$/(
3&6$"3$1,J$'$3"(&"%.'(,-;1.'",/($'/.1"6(';-(;'$6"A4"(*$"$:%&6;'$".6"+$.6;'$3"A4"(*$"6;AY$-("$:%&6;'$
%.'.+$($'6B",/-1;3,/2"K!="%'&3;-(")&'":_'.4"d;&'&6-&%4B"7$'+._1$/2(*"%'&3;-(")&'":_'.4"05B"./3"'.3,&/;-1,3$
3&6$6")&'"-.'3,&J.6-;1.'"/;-1$.'"-.'3,&1&24D"5*$6$",/3,J,3;.1"&'2./"$\;,J.1$/("3&6$6"+.4"(*$/"A$"-&/J$'($3"(&
$))$-(,J$"3&6$6"./3"6;++$3"(&"-.1-;1.($"./"$6(,+.($"&)"(*$"6;AY$-(i6"$))$-(,J$"3&6$D"!6"/&($3",/"(*$"%'$J,&;6
($:(B"(*$".A6&1;($"$))$-(,J$"3&6$_',67"'$1.(,&/6*,%",6"+&3;1.($3"A4"6;AY$-("-*.'.-($',6(,-6D



ZD"@$.6;'$+$/(6"&)"&--;%.(,&/.1"$:%&6;'$")&'"*$.1(*-.'$">&'7$'6"+.4"A$";6$3"(&"$6(,+.($"(*$">&'7$'i6
6(&-*.6(,-"',67D

4.6 Synopsis of Measures of Radiation Exposure and Dose
5*$"$:,6($/-$"&)"(*$"+./4"3,))$'$/("+$.6;'$6"&)"'.3,.(,&/"$:%&6;'$"./3"3&6$"*.6"(*$"%&($/(,.1"(&"-.;6$"-&/);6,&/
1$.3,/2"(&"+,6.%%1,-.(,&/"&)";/,(6"&)"+$.6;'$D" .>R?2%W"-&/(.,/6"."64/&%6,6"&)"(*$"%',/-,%.1"+$(',-6"3$6-',A$3",/"(*,6
6$-(,&/D"U/"'$%&'(,/2"'.3,.(,&/")'&+"./",/3,J,3;.1"%'&-$3;'$"(&"."6%$-,c-"%.(,$/(B"+&3.1,(4_6%$-,c-"%.'.+$($'6"6*&;13
A$";6$3D"8&'":_'.4"d;&'&6-&%,-"%'&-$3;'$6B".,'"7$'+.".("(*$",/($'J$/(,&/.1"'$)$'$/-$"%&,/("./3"K!="6*&;13"A&(*"A$
'$%&'($3D"8&'"05"%'&-$3;'$6B"(*$"05<U"./3"3&6$_1$/2(*"%'&3;-("a<H=b"a3,6-;66$3",/"3$(.,1",/"M$-(,&/"WDZDZb"6*&;13
A$"'$%&'($3B".1&/2">,(*"(*$"6,O$"&)"(*$"05<U"%*./(&+"aZP_"&'"RW_-+bD"9))$-(,J$"3&6$"*.6"1,+,(.(,&/6")&'"-.1-;1.(,/2
,/3,J,3;.1"%.(,$/("3&6,+$('4"A$-.;6$B")&'"$:.+%1$B"(*$"(,66;$">$,2*(,/2").-(&'6".'$"2$/3$'"./3".2$".J$'.2$3"a/&(
.--&;/(,/2")&'"(*$").-("(*.("-*,13'$/"./3")$+.1$6".'$"+&'$"6$/6,(,J$bD"E&>$J$'B",("+.4"A$";6$);1"(&"+.7$"2$/$'.1
-&+%.',6&/6"A$(>$$/"+&3.1,(,$6B"%'&(&-&16B"./3",+.2,/2"6('.($2,$6D"I,J$/"(*.("$))$-(,J$"3&6$",6"./"$6(,+.($"(*.(
,/J&1J$6"."/;+A$'"&)".66;+%(,&/6B"(*$"-.1-;1.($3"./3"'$%&'($3"J.1;$6"6*&;13"A$".--&+%./,$3"A4"(*$".-(;.1
$:%&6;'$"+$.6;'$+$/(6"./3"."3$6-',%(,&/"&)"(*$"+$(*&3&1&24";6$3")&'"$6(,+.(,&/B"(*.(",6B"."-&/J$'6,&/").-(&'D

FU9?"ULHUL9"n" FU9?"=T=]=

.>R?2%W
+I6517=7%5A%*>D=>4=56%/0157832%>6D%9572%Z243=:7

X%)5Q%*>D=>4=56%'>6%)>3;%H251?2

5.1 Mechanism of Radiation-Induced Biological Effects
#.3,.(,&/_,/3;-$3"(,66;$",/Y;'4",6"3;$"(&"+&1$-;1.'".1($'.(,&/6"-.;6$3"A4"%.'(,-1$6"&'"%*&(&/6"(*.("*.J$"6;h-,$/(
$/$'24"(&",/3;-$",&/,O.(,&/D"!(&+6",&/,O$3"A4"'.3,.(,&/".'$")'$\;$/(14"-*$+,-.114";/6(.A1$"./3"('./6)&'+"(*$+6$1J$6
&'"(*$,'"-&/6(,(;$/("+&1$-;1$6",/(&")'$$"'.3,-.16D"!"-&++&/"$:.+%1$",6",&/,O.(,&/"&)">.($'B">*,-*";%&/",/($'.-(,/2
>,(*"./":_'.4"%*&(&/B"3$-&+%&6$6",/(&".")'$$"$1$-('&/B"."%'&(&/B"./3"."*43'&:41"'.3,-.1D"5*$"*43'&:41"'.3,-.1B"A$-.;6$
&)",(6";/%.,'$3"$1$-('&/B",6"*,2*14"'$.-(,J$"./3",/($'.-(6".J,314">,(*"A,&+&1$-;1$6"a%'&($,/6"&'"/;-1$,-".-,36bD"M,+,1.'14B
./":_'.4"%*&(&/"-./",&/,O$"./".(&+"(*.(",6"."-&/6(,(;$/("&)"."A,&+&1$-;1$D"5*;6B"."A,&+&1$-;1$"-./"A$".1($'$3"A4
$,(*$'"'$.-(,/2">,(*"."'.3,.(,&/_2$/$'.($3")'$$"'.3,-.1"&'"A4"A$,/2"3,'$-(14",&/,O$3"A4"'.3,.(,&/D"5*$"'$6;1(,/2"6(';-(;'.1
-*./2$"-./".1($'"."+&1$-;1$i6");/-(,&/D

#.3,.(,&/_,/3;-$3"(,66;$"3.+.2$")'&+",&/,O,/2"'.3,.(,&/"(.7$6"+./4")&'+6"(*.("*.J$"J.',.A1$",/($'J.16"A$(>$$/
$:%&6;'$"./3"-1,/,-.1"%'$6$/(.(,&/D"M&+$"*.'+);1"'.3,.(,&/"$))$-(6".%%$.'">,(*,/"3.46"(&"+&/(*6")&11&>,/2"(*$
$:%&6;'$D"T(*$'"*.'+);1"'.3,.(,&/_,/3;-$3"$))$-(6"*.J$"1&/2"1.($/("%$',&36B"A$-&+,/2"$J,3$/("&/14"+./4"4$.'6
)&11&>,/2"(*$",/-,(,/2"$:%&6;'$B"&'"+.4"/&("%'$6$/(",/"(*$",/3,J,3;.1i6"'$+.,/,/2"1,)$(,+$D

<.+.2$"(&"."+&1$-;1$"(*.(",6"./",+%&'(./("(,66;$"-&/6(,(;$/(B"6;-*".6"."%'&($,/B"-./".1($'"(*$"-$11i6");/-(,&/D"U)"."-$11
,/-;'6"6;h-,$/("3.+.2$"(&",(6"-&/6(,(;$/("+&1$-;1$6",("+.4"/&("A$".A1$"(&"+.,/(.,/"A.6,-"-$11;1.'"&%$'.(,&/6"./3
;/3$'2&"/$-'&6,6D"U)"."-$11",/-;'6"6('.($2,-"3.+.2$"(&",(6"3$&:4',A&/;-1$,-".-,3"a<L!bB"."%'$J,&;614"/&'+.1"2$/$"+.4
A$"('./6)&'+$3",/(&"./"&/-&2$/$"&'"(*$",&/,O.(,&/"%'&-$66"+.4"1$.3"(&"&(*$'"-*./2$6",/"-$11;1.'"$/J,'&/+$/("(*.(
%'&+&($"-.'-,/&2$/$6,6D

5.2 Types of Radiation-Induced Health Effects
#.3,.(,&/_,/3;-$3"*$.1(*"$))$-(6".'$"3,J,3$3",/(&"P"A'&.3"2'&;%6"(*.("3,))$'",/"(*$,'"+$-*./,6+B"(*$"/.(;'$"&)"(*$,'
$))$-(6B"(*$,'"'$1.(,&/6*,%"(&".A6&'A$3"3&6$B"./3"(*$"($+%&'.1"'$1.(,&/6*,%6"A$(>$$/"$:%&6;'$"./3"+./,)$6(.(,&/D

5.2.1 Tissue Reactions (Formerly Called Deterministic Effects)

J&1



5,66;$"'$.-(,&/6".'$"-.;6$3"A4"'.3,.(,&/_,/3;-$3",/Y;'4"(&"6(';-(;'.1"./3");/-(,&/.1"+&1$-;1$6",/"-$116D"0$11"/$-'&6,6
>,11"&--;'",)"(*$".+&;/("&)"+&1$-;1.'".1($'.(,&/",/-;''$3"$:-$$36"(*$"-$11i6".A,1,(4"(&"'$%.,'",(6$1)"./3"+.,/(.,/
);/-(,&/D"U)"."6;h-,$/(")'.-(,&/"&)"./"$:%&6$3"(,66;$i6"-$116"+.1);/-(,&/B").,1"(&"*$.1"%'&%$'14B"&'"/$-'&6$B
+.-'&6-&%,-.114"$J,3$/("(,66;$",/Y;'4">,11"&--;'D"0&/6$\;$/(14B"(,66;$"'$.-(,&/6"(4%,-.114"$:*,A,("3&6$_'$1.($3"6$J$',(4D
!A&J$"(*$"(*'$6*&13"3&6$B"."2'$.($'"3&6$">,11"-.;6$"+&'$"$:($/6,J$"-$11;1.'",/Y;'4"(&"."2'$.($'"/;+A$'"&)"-$116B
,/-'$.6,/2"(*$"6$J$',(4"&)"(*$"+.-'&6-&%,-"$))$-(",/"."3&6$_'$1.($3").6*,&/D

M7,/",/Y;'4",6"(*$"+&6("-&++&/"(,66;$"'$.-(,&/"&A6$'J$3",/"-.'3,&J.6-;1.'",+.2,/2D"U("&--;'6".1+&6("$:-1;6,J$14")'&+
:_'.4"d;&'&6-&%,-"$:%&6;'$6"./3"-./"A$"6;h-,$/(14"6$J$'$"(&"-.;6$"(,66;$"/$-'&6,6D"T(*$'"(,66;$"'$.-(,&/6",/-1;3$
-.(.'.-(")&'+.(,&/o"A&/$"/$-'&6,6o"./3B",/"(*$"*$.'(B"3.+.2$"(&"+4&-.'3,;+B"-.'3,.-"J.1J$6B"./3"-&'&/.'4".'($',$6D"U/
.33,(,&/B",)".")$(;6",/-;'6"6;h-,$/("-$11;1.'",/Y;'4".("-',(,-.1"6(.2$6"&)"&'2./&2$/$6,6B"3$J$1&%+$/(">,11"A$",+%.,'$3
S#YUD

5,66;$"'$.-(,&/6"&/14"A$-&+$"+.-'&6-&%,-.114"$J,3$/(",)"."(*'$6*&13"'.3,.(,&/"3&6$",6"$:-$$3$3D"!"3&6$"A$1&>"(*$
(*'$6*&13"3&6$B".1(*&;2*",("+.4"-.;6$";/.%%.'$/("-$11;1.'",/Y;'4B">,11"/&("-.;6$"."3$($-(.A1$"'$.-(,&/D"5*,6",6"A$-.;6$
.("6;A(*'$6*&13"3&6$6B"$J$/"(*&;2*"6&+$"-$116",/-;'"'.3,.(,&/_,/3;-$3"+&1$-;1.'"-*./2$B"(*$"(,66;$",6".A1$"(&
+.,/(.,/");/-(,&/"./3"J,.A,1,(4"A$-.;6$"(*$"3.+.2$"3&$6"/&("7,11"."6;h-,$/(")'.-(,&/"&)"(*$"-$116"&'".))$-("-$11;1.'
);/-(,&/"6;h-,$/(14"(&"-.;6$"+.-'&6-&%,-.114"$J,3$/("(,66;$",/Y;'4"&'");/-(,&/.1".1($'.(,&/"aA$1&>"(*$"(*'$6*&13"3&6$B
."6+.11"/;+A$'"&)"-$116",/"."(,66;$"+.4";/3$'2&"/$-'&6,6"A;("/&(",/"6;h-,$/("/;+A$'6"(&"%'&3;-$"."+.-'&6-&%,-.114
3$($-(.A1$"$))$-(b"S#`UD

5,66;$"'$.-(,&/6"&--;'">,(*"."(,+$"3$1.4"A$(>$$/"$:%&6;'$"./3"(*$".%%$.'./-$"&)"(,66;$",/Y;'4D"5*,6",6"3;$"(&"(*$
(,+$"'$\;,'$3")&'"+&1$-;1.'"3.+.2$"(&"$J&1J$"./3"(&"-.;6$"6;h-,$/("-$11;1.'"346);/-(,&/"(&"1$.3"(&"+.-'&6-&%,-.114
$J,3$/(",/Y;'4D

5*;6B"."6;AY$-("$:%&6$3"(&"."3&6$"(*.(",6"6;A(*'$6*&13")&'"."(,66;$"'$.-(,&/">,11".%%$.'"/&'+.1",/,(,.114">,(*"/&
+.-'&6-&%,-"$J,3$/-$"&)"./"$))$-("&/"(*$"$:%&6$3"(,66;$D"!"6;AY$-(">*&"'$-$,J$6"."2'$.($'"(*./"(*'$6*&13"3&6$">,11
,/,(,.114".%%$.'"(&"A$";/.))$-($3"A;("(*$"$:%&6$3"(,66;$">,11B".("."1.($'"(,+$B"6*&>"6,2/6"&)",/Y;'4D"!("3&6$6".A&J$"(*$
(*'$6*&13B"(*$"6$J$',(4"&)"J,6,A1$"(,66;$",/Y;'4",/-'$.6$6".6".A6&'A$3"3&6$",/-'$.6$6D

5.2.2 Stochastic Effects: Cancer
M(&-*.6(,-"$))$-(6".'$"-.;6$3"A4"'.3,.(,&/_,/3;-$3"3.+.2$"(&"."-$11i6"2$/$(,-"+.($',.1"(*.("-.;6$6"(*$"3.+.2$3
-$11i6"<L!"(&"A$"'$%'&2'.+$3",/(&"346);/-(,&/.1"&%$'.(,&/D"5*$"%',/-,%.1"6(&-*.6(,-"$J$/("&)"-1,/,-.1",+%&'(./-$",6
'.3,.(,&/_,/3;-$3"-./-$'D

M(&-*.6(,-"$))$-(6"3,))$'")'&+"(,66;$"'$.-(,&/6",/"(*$,'"3&6$"'$1.(,&/6*,%D"?*$'$.6"(,66;$"'$.-(,&/6"*.J$"."3$c/,($
3&6$"(*'$6*&13"A$1&>">*,-*"(*$4"3&"/&("&--;'"./3"$:*,A,("3&6$_'$1.($3"6$J$',(4B"6(&-*.6(,-"$J$/(6B",/"-&/('.6(B".'$"/&(
7/&>/"(&"*.J$"."3&6$"(*'$6*&13"./3"3&"/&("*.J$"."\;./(,(.(,J$"3&6$_'$1.($3"6$J$',(4D"#.(*$'B"(*$,'"'$1.(,&/6*,%"(&"3&6$
,6"%'&A.A,1,6(,-B"./3"(*$"6$J$',(4"&)"."6(&-*.6(,-"$J$/(B"6*&;13",("&--;'B",6"/&("'$1.($3"(&"(*$"3&6$"(*.("(',22$'$3",(D"5*$
%'&A.A,1,(4"&)"."6(&-*.6(,-"$J$/(",6"(*&;2*("(&",/-'$.6$".%%'&:,+.($14"1,/$.'14">,(*"3&6$"S#$UD

5*$"3,))$'$/-$"A$(>$$/"'.3,.(,&/_,/3;-$3"3.+.2$"(&"-&/6(,(;(,J$"6(';-(;'.1"-$11"%'&($,/6B">*,-*"-.;6$6"(,66;$
'$.-(,&/6B"./3"3.+.2$"(&"<L!B">*,-*"-.;6$6"6(&-*.6(,-"$J$/(6B",6"(*.("."6,/21$"-',(,-.114"1&-.($3"<L!"3.+.2$"$J$/(
-./"-'$.($"./"&/-&2$/$D"#.3,.(,&/_,/3;-$3"-./-$'"$,(*$'"3&$6"&'"3&$6"/&("&--;'"a&'"+.4"/&("%'$6$/(">,(*,/"(*$
6;AY$-(i6"1,)$(,+$bD"5*$"%'&A.A,1,(4"(*.(",("+.4"&--;'",6"'$1.($3"(&"3&6$D"5*$"1,7$1,*&&3"(*.("."6(&-*.6(,-"$J$/(">,11
&--;'"3&$6"/&("'$.-*"RQQm"$J$/".("J$'4"1.'2$"3&6$6D

<.+.2$"(&"."<L!"+&1$-;1$"-./"*.J$"J.',.A1$"-&/6$\;$/-$6"3$%$/3,/2"&/"*&>"(*$"%.'(,-;1.'"-*$+,-.1"-*./2$"(&".
<L!"+&1$-;1$".))$-(6"2$/$");/-(,&/D"<.+.2$"(&"."/&/-&3,/2"'$2,&/">&;13"+&6("1,7$14"A$",/-&/6$\;$/(,.1B">*$'$.6
3.+.2$"(&"."-&3,/2"'$2,&/"-&;13".))$-(",(6"2$/$"%'&3;-(B"./3"3.+.2$"(&"."'$2;1.(&'4"'$2,&/"-&;13".))$-(",(6



'$2;1.(,&/D"9,(*$'"&)"(*$"1.(($'"P"%*$/&+$/."*.6"(*$"%&($/(,.1"(&"('./6)&'+"."/&'+.114");/-(,&/,/2"2$/$",/(&"./
&/-&2$/$D

5*,6"%*$/&+$/&/"$:%1.,/6"*&>B".1(*&;2*"'.3,.(,&/"$:%&6;'$"1,7$14"-.;6$6"+./4"<L!"3.+.2$"$J$/(6B"+&6("&)"6;-*
$J$/(6".'$",/-&/6$\;$/(,.1"./3"+.4"A$"'$%.,'$3"6;--$66);114D"!"-1,/,-.114"$J,3$/("'.3,.(,&/_,/3;-$3"-./-$'"$J$/(">,11
&--;'"&/14",)"'.3,.(,&/_,/3;-$3",/Y;'4".))$-(6"."6('.($2,-"6$2+$/("&)"<L!"./3"(*$'$",6"6;h-,$/("(,+$")&11&>,/2"(*$
'.3,.(,&/"$J$/(")&'"(*$"-./-$'"(&"3$J$1&%B"$J&1J$B"./3"%'$6$/(D"@./4"&(*$'"A,&1&2,-.1").-(&'6",/-1;3,/2".2$B"2$/3$'B
./3"2$/$(,-6"+&3;1.($"(*$"1,7$1,*&&3"&)",/3;-,/2"."6(&-*.6(,-"$J$/(D

5*$'$",6";/-$'(.,/(4".A&;("(*$"\;./(,(.(,J$"'$1.(,&/6*,%"A$(>$$/"3&6$"./3"',67")&'"6(&-*.6(,-"$J$/(6D"!("6+.11"3&6$6B
6(&-*.6(,-"',67",6"6+.11"./3"3,h-;1("(&"3,6(,/2;,6*"6(.(,6(,-.114")'&+"O$'&D"5*$&'$(,-.114B"."6,/21$":_'.4"%*&(&/",&/,O,/2
."6('.($2,-".(&+">,(*,/"."%&'(,&/"&)"<L!"(*.("$/-&3$6"."-',(,-.1"2$/$"-&;13"-'$.($"./"&/-&2$/$D"5*,6",6"(*$
(*$&'$(,-.1"A.6,6")&'"(*$"-&/-$%("(*.("(*$'$",6"/&"(*'$6*&13"3&6$"A$1&>">*,-*"6(&-*.6(,-"',67",6"O$'&"a6$$"M$-(,&/"`D[b
S#!UD

5.2.3 Stochastic Effects: Heritable Effects in Offspring
5*$&'$(,-.114B"'.3,.(,&/",/Y;'4"(&"<L!",/"2$'+"-$116"-&;13"-.;6$"."-1,/,-.114",+%&'(./("+;(.(,&/"(*.(">&;13"/&(".))$-(
(*$"$:%&6$3",/3,J,3;.1B"A;(">&;13"A$"('./6+,(($3"(&"(*.(",/3,J,3;.1i6"&))6%',/2D"M;-*"$))$-(6"*.J$"&/14"A$$/
3$+&/6('.($3",/"./,+.1"+&3$16"A;("*.J$"/&("A$$/"&A6$'J$3",/"*;+./6">,(*"6(.(,6(,-.1"6,2/,c-./-$" S#[UD"5*$
.A6$/-$"&)"./4"6,2/,c-./("c/3,/2")&11&>,/2"$:%&6;'$6",/"*;+./6",/3,-.($6"(*$4"*.J$"."J$'4"1&>"%'&A.A,1,(4"(*.(
-&;13"A$"3$($-($3"&/14",/"$:%&6;'$6"(&"J$'4"1.'2$"%&%;1.(,&/6"S!"UD

5.3 Tissue Reactions : Dose-Effect Relationships
5.3.1 Skin Injury
5*$"+&6("-&++&/"'.3,.(,&/_,/3;-$3"(,66;$"'$.-(,&/",6"67,/",/Y;'4".("(*$"A$.+"$/('./-$"%&'(")&11&>,/2"./":_'.4
d;&'&6-&%,-.114"2;,3$3",/J.6,J$"%'&-$3;'$" S#`UD"M7,/",/Y;',$6")'&+"+$3,-.1"3,.2/&6(,-"'.3,.(,&/"J,'(;.114"&/14"&--;'
)&11&>,/2"d;&'&6-&%,-"$:%&6;'$6"A$-.;6$"d;&'&6-&%4",6"(*$"&/14"+&3.1,(4"(*.("*.6"(*$"%&($/(,.1"(&"3$1,J$'"."67,/
3&6$"(*.("$:-$$36"(*$",/Y;'4"(*'$6*&13D"!1(*&;2*"'.'$"-.6$6"&)"67,/"3$%,1.(,&/"./3"$'4(*$+."*.J$"&--;''$3")&11&>,/2
:_'.4"05"$:.+,/.(,&/6B"(*$6$">$'$"-.;6$3"A4"$:-$66,J$"'.3,.(,&/"&;(%;("3;$"(&",+%'&%$'"%'&2'.++,/2"&)"(*$":_'.4
%.'.+$($'6"&'"."1.'2$"/;+A$'"&)"6-./6"A$,/2"'$%$.($3"&J$'"(*$"6.+$"6-./".'$.D

M7,/"$/('./-$"%&'(",/Y;',$6"*.J$"6*.%$6"(*.("'$d$-("(*$"6*.%$"&)"(*$":_'.4"A$.+B">*,-*",6"(4%,-.114"'$-(./2;1.'D"5*$6$
,/Y;',$6"J.'4",/"6$J$',(4")'&+"$'4(*$+.B"(&"3$6\;.+.(,&/B"(&";1-$'.(,&/"./3"/$-'&6,6D"5*$4".'$".1>.46"1&-.($3".("(*$
6,($"&)"A$.+"$/('./-$B">*,-*",6"(4%,-.114"&/"(*$"6;AY$-(i6"A.-7D

U/"6&+$"-.6$6B"('./6,$/("67,/"$'4(*$+."+.4"&--;'">,(*,/"*&;'6"(&".")$>"3.46")&11&>,/2"(*$"$:%&6;'$"./3"(*$/
'$6&1J$D"!"+&'$"6,2/,c-./("$'4(*$+."&--;'6".)($'"."3$1.4"&)".">$$7"(&".")$>">$$76D"@&'$"6$J$'$"67,/",/Y;'4"(4%,-.114
.%%$.'6"["(&"S">$$76")&11&>,/2"(*$"$:%&6;'$D"U/"$:('$+$"-.6$6B"(*$";1-$'.(,&/"-./"A$-&+$"-&/d;$/("./3");11
(*,-7/$66"/$-'&6,6"&)"67,/"+.4"3$J$1&%"$:%&6,/2";/3$'14,/2").(B"+;6-1$B"./3"$J$/"A&/$"aP=C832%#bD
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5*$"(*'$6*&13"3&6$"(*.(">,11"-.;6$"."67,/",/Y;'4",6"J.',.A1$B".6",6"(*$"'$1.(,&/6*,%"A$(>$$/"3&6$",/Y;'4"6$J$',(4D"5*$
67,/"3&6$")&'"."%.'(,-;1.'"%'&-$3;'$"+.4"A$".%%'&:,+.($3"A4"(*$"-;+;1.(,J$".,'"7$'+."a M$-(,&/"[D[DRb".("(*$
,/($'J$/(,&/.1"'$)$'$/-$"%&,/(D"5*$":_'.4"646($+"-.1-;1.($6"(*,6"J.1;$D"5*;6B",(",6"7/&>/"3;',/2"./3".("(*$"-&/-1;6,&/
&)"."%'&-$3;'$"./3"-./"A$";6$3"(&"$6(,+.($"."%.(,$/(i6"67,/",/Y;'4"',67D
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6$J$',(4".'$"(.A;1.($3",/" .>R?2%XD"5*$6$"J.1;$6".'$".%%'&:,+.(,&/6"(*.(">,11"J.'4".+&/2"%.(,$/(6D"U(",6"/&($>&'(*4"(*.(
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FU9?"ULHUL9"n" FU9?"=T=]=

.>R?2%X
*>D=>4=56N-6D8:2D%+M=6%-6]83=27f*2?>4=567L=1%5A%+2E23=4I%45%9572
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d;&'&6-&%,-"./3"-,/$".-\;,6,(,&/"(,+$"a(*$"3&6$"'.($"%$'")'.+$"3;',/2"-,/$",6"(4%,-.114"W"(&"RQ"(,+$6"2'$.($'"(*./
3;',/2"d;&'&6-&%4bD"U/".33,(,&/B"./3"1,7$14"+&'$",+%&'(./(14B"67,/"3&6$",6"6('&/214".))$-($3"A4"(*$"%.(,$/(i6
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a6$$"M$-(,&/"ebD

5*;6B"(*$"%'&(&(4%,-.1"%.(,$/(".("',67")&'"."67,/",/Y;'4",6"./"&A$6$"%.(,$/(">,(*"3,.A$($6">*&"*.6";/3$'2&/$"R"&'"+&'$
1&/2_3;'.(,&/"%'&-$3;'$6">,(*,/"(*$"%.6("6$J$'.1"+&/(*6"./3",6";/3$'"-&/6,3$'.(,&/")&'"./&(*$'"%'&-$3;'$"(&"A$
%$')&'+$3"%'$3&+,/./(14",/"."6,+,1.'"'.3,&1&2,-.1"%'&Y$-(,&/D

5.3.2 Bone Injury
U/".33,(,&/"(&"67,/",/Y;'4B"&/"&--.6,&/B",/-,3$/("'.3,.(,&/"-./"-.;6$"/$-'&6,6"&)"6;%$'c-,.1"A&/$6"6;-*".6"',A6D
!1(*&;2*"(*$"3&6$"(&"A&/$"/$$3$3"(&"-.;6$"&6($&/$-'&6,6",6"2'$.($'"(*./"(*$"3&6$"(&"-.;6$"67,/"/$-'&6,6B"(*$"*,2*
-.1-,;+"-&/($/("&)"A&/$",+%.'(6"."2'$.($'"-.%.-,(4"(&".A6&'A":_'.4"%*&(&/6D"0&/6$\;$/(14B"(*$".A6&'A$3"3&6$"(&
6;%$'c-,.1"A&/$";/3$'14,/2"(*$":_'.4"A$.+"$/('./-$"%&'("-./"$:-$$3"(*$".A6&'A$3"3&6$"(&"(*$"&J$'14,/2"67,/B"4,$13,/2
(*$"%&($/(,.1")&'"'.3,.(,&/_,/3;-$3"A&/$",/Y;'4">*$/"3&6$6".'$"6;h-,$/(14"*,2*"(&"-.;6$"67,/"/$-'&6,6D

5.3.3 Eye Injury: Cataracts
5*$"6,/21$"3&6$"(*'$6*&13"(*.(">,11"-.;6$"J,6,&/_,+%.,',/2"-.(.'.-(6",/"*;+./6",6"/&(">$11"-*.'.-($',O$3"A;(",6
A$1,$J$3"(&"A$"&/"(*$"&'3$'"&)"`QQ"+I4">,(*"."+,/,+;+"1.($/-4"&)".%%'&:,+.($14"R"4$.'" S!#UD"0.(.'.-("%'&2'$66,&/
-&/(,/;$6")&'"+&'$"(*./"."3$-.3$".)($'"$:%&6;'$D"U(",6"/&($>&'(*4"(*.("$.'14"-.(.'.-("1$/(,-;1.'"-*./2$6".'$".16&
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5.3.4 Tissue Reactions: Managing Skin Injuries
H$66"6$J$'$"3$2'$$6"&)"67,/",/Y;'4"*.J$"(*$"%&($/(,.1"(&"*$.1D"5*,6"-&/6(,(;($6"(*$"A.6,6"&)"+./.2$+$/("6('.($24D"^_
'.4u,/3;-$3"67,/",/Y;',$6"-.;6$3"A4".A6&'A$3"3&6$6"1$66"(*./"(*.("/$-$66.'4"(&",/3;-$"-&+%1$($"(,66;$"/$-'&6,6"-./
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&)"."67,/",/Y;'4",6"+$-*./,-.1"%'&($-(,&/">*,1$"(*$"67,/".(($+%(6"(&"'$%.,'"(*$"3.+.2$D"<'$66,/26"./3"&(*$'"('$.(+$/(
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5.4 Stochastic Effects : Radiation-Induced Cancer
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5.4.1 Stochastic Effects: Attribution Challenges
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5.4.2 Stochastic Effects: Risk Metrics
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5.4.3 Stochastic Risk: Dose-Risk Relationships
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5.4.3.1 Stochastic Risk: Qualitative Dose-Risk Relationships
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5.4.3.2 Stochastic Risk: Quantitative Dose-Risk Relationships
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5.4.4 Incremental Cancer Risk Attributable to Radiation Exposure for Occupationally Exposed Healthcare
Workers
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5.4.4.1 Implications of Occupational Exposure in Healthcare Workers
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5.4.4.2 Implications of Fetal Radiation Exposure
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6.1 General Principles
6.1.1 Characteristics of Medical Diagnostic Radiation
5*$"'.3,.(,&/"$+%1&4$3",/".11"-.'3,&J.6-;1.'"3,.2/&6(,-"+&3.1,(,$6"a:_'.4"d;&'&6-&%4B":_'.4B"05B"./3"/;-1$.'
-.'3,&1&24",+.2,/2"($-*/,\;$6b",6" #)B/#.&"%!/"&"!IC/'!%&-2"!"'.3,.(,&/D"L,/$(4_cJ$"(&"/,/$(4_/,/$"%$'-$/("&)":_'.4
$/$'24"(*.("$/($'6"(*$"6;AY$-(",6"$,(*$'".A6&'A$3"&'"6-.(($'$3">,(*,/"(*$"6;AY$-(D"5*$"'$+.,/,/2"Rm"(&"`m"&)"(*$
,/-,3$/(":_'.4"%$/$('.($6"(*$"6;AY$-(B"'$.-*,/2"(*$",+.2$"3$($-(&'"(&")&'+"(*$",+.2$D"!A6&'%(,&/",6"'$\;,'$3"(&")&'+
3,.2/&6(,-":_'.4",+.2$6B"A;("3$2'.3$6"/;-1$.'"6-,/(,2'.%*4",+.2$6D"8&'"A&(*"3,.2/&6(,-":_'.4"./3"/;-1$.'
6-,/(,2'.%*4B"(*$"+.Y&',(4"&)"'.3,.(,&/"$/$'24"'$1$.6$3"A4"(*$":_'.4"(;A$"&'"'.3,&.-(,J,(4".3+,/,6($'$3"(&"(*$"6;AY$-(
$,(*$'"$:%&6$6"(*$"6;AY$-("&'",6"6-.(($'$3"&;("&)"(*$"6;AY$-(">,(*"(*$"%&($/(,.1"(&"$:%&6$"/$.'A4"+$3,-.1"%$'6&//$1D

6.1.2 Tools Used to Estimate Absorbed Dose
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3&6$"A.6$3"&/"(*$",/-,3$/("A$.+",/($/6,(4B"%*&(&/"$/$'24"-*.'.-($',6(,-6B"$:%&6;'$"(,+$B"./3"(*$"6,O$"&)"(*$"$:%&6$3
A&34"'$2,&/D"@&3$1_3$',J$3"$6(,+.($6".'$"Y;6("(*.(l$6(,+.($6D"M,/-$"+&3$16"3&"/&(",/-1;3$".11"&)"(*$",+%&'(./("3&6$_
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6.2 X-Ray Fluoroscopy
6.2.1 X-Ray Fluoroscopy Subject and Operator Dose Issues
^_'.4"d;&'&6-&%4"3,))$'6")'&+"&(*$'",&/,O,/2"'.3,.(,&/",+.2,/2"($-*/,\;$6",/"(*.("(*$"A$.+"$/('./-$"%&'(",6"'$1.(,J$14
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'$.-*"1$J$16"(*.("-.;6$"67,/"(,66;$"'$.-(,&/6"a6$$" M$-(,&/"` bD"54%,-.114B":_'.4"d;&'&6-&%4",6"(*$"&/14",+.2,/2
($-*/,\;$">,(*"(*$"%&($/(,.1"(&"-.;6$"6;-*"."'$.-(,&/D"^_'.4"d;&'&6-&%4".16&"*.6"(*$"%&($/(,.1"(&"3$1,J$'"."3&6$"(&
,/($'/.1"6(';-(;'$6",/"(*$",+.2,/2"c$13"'$+&($")'&+"(*$"A$.+"$/('./-$"%&'("(*.(",6"1.'2$"$/&;2*"(&"-.;6$"6(&-*.6(,-
$))$-(6D"^_'.4"%*&(&/6".'$".16&"6-.(($'$3">,(*,/"(*$"6;AY$-("./3"3$1,J$'"3&6$"(&"6;AY$-("(,66;$6"(*.(".'$"&;(6,3$"(*$
,+.2,/2"c$13D"0&/6$\;$/(14B".66$66+$/("&)"(*$",+%1,-.(,&/6"&)"6;AY$-("$:%&6;'$")'&+":_'.4"d;&'&6-&%4"+;6(
-&/6,3$'"$/('./-$"%&'("67,/"3&6$B">*,-*",6"(*$"3&6$"'$-$,J$3"A4",/($'/.1"6(';-(;'$6">,(*,/"(*$",+.2,/2"c$13"./3"A4
&(*$'",/($'/.1"6(';-(;'$6"&;(6,3$"(*$",+.2,/2"c$13D"T(*$'"6-.(($'$3"%*&(&/6"$:,("(*$"6;AY$-("./3"-./"$:%&6$"/$.'A4
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6.2.2 Basics of Operation of an X-Ray Cine!uorographic Unit
!/":_'.4"-,/$d;&'&2'.%*,-";/,("2$/$'.($6"-&/('&11$3":_'.46",/"./":_'.4"(;A$"(*.(".'$"-&11,+.($3"(&"'$2;1.($"(*$"6,O$"./3
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3$($-(&'"aP=C832%WbD"5*$":_'.4"(;A$"&;(%;("a./3".--&'3,/214"(*$"$:%&6;'$"(&"(*$"6;AY$-(b",6"+&3;1.($3"A4")$$3A.-7
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6.2.2.1 X-Ray Cine!uorographic Unit Operating Parameters
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6.2.3 Measures and Determinants of Subject and Operator Exposure
6.2.3.1 Cumulative Air Kerma at the Interventional Reference Point
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6.2.3.2 Kerma-Area Product
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6.2.3.3 Application of KAP in Cardiovascular X-Ray Fluoroscopy to Estimates of Effective Dose to Patients
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6.2.4 Measures and Determinants of Physician Operator and Healthcare Worker Occupational Exposure
6.2.4.1 Application of KAP in Cardiovascular X-Ray Fluoroscopy to Estimates of Effective Dose to Medical

Personnel
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6.2.4.2 Physician and Medical Personnel Exposure Monitoring
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M$J$'.1"3,))$'$/(B"A;("6,+,1.'B"+&3$16")&'"A&(*"6,/21$_"./3"3;.1_A.32$".%%1,-.(,&/6"*.J$"A$$/"3$J$1&%$3D"5*$"L0#=
a#$%&'(6"RPP"./3"RWSb"'$-&++$/36"(*$")&11&>,/2")&'+;1.")&'"$6(,+.(,/2"$))$-(,J$"3&6$l9a$6(,+.($bl)'&+"6,/21$_"&'
3;.1_A.32$"'$.3,/26" SV$TWXUV

8&'"."6,/21$_A.32$3">&'7$'B"9",/";/,(6"&)"+MJ"+.4"A$"$6(,+.($3".6V

5*$"3,J,6&'"&)"jPRk",/"(*,6")&'+;1.",6"-&/6,6($/(">,(*"(*$").-("(*.("(*$"%'&($-(,J$"2.'+$/(6",/($'-$%(".%%'&:,+.($14
g`m"&)"(*$",/-,3$/("'.3,.(,&/D"5*,6")&'+;1.".66;+$6"(*.("."(*4'&,3"-&11.'",6">&'/"6*,$13,/2"-$'J,-.1"A&/$"+.''&>"./3
(*$"(*4'&,3D"T(*$'"+&3$16"3$J$1&%$3")&'"/&"(*4'&,3"-&11.'"6*,$13,/2"*.J$"3,J,6&'6"&)"R["SWYTW`UD"5*$"3,))$'$/-$
A$(>$$/"(*$6$"P"3,J,6&'6"$+%*.6,O$6"(*$",+%&'(./-$"&)"(*$"(*4'&,3"-&11.'D

?*$/"P"A.32$6".'$">&'/B"&/$";/3$'"(*$".%'&/"./3"(*$"&(*$'"&J$'"(*$".%'&/".'&;/3"/$-7"1$J$1B"9",/";/,(6"&)"+MJ",6
$6(,+.($3".6V

P

P

P

a;b

a-&1b

E (estimate) = /21H(col)



5*$6$"-.1-;1.(,&/6".66;+$"(*$"%'$6$/-$"&)"."(*4'&,3"6*,$13D

0.;(,&/",6".3J,6$3"'$2.'3,/2"'$2;1.(&'4"'$\;,'$+$/(6",/"(*$".66$66+$/("&)"9")'&+"%$'6&/.1"'.3,.(,&/"+&/,(&'6D
#$2;1.(&'4".2$/-,$6"+.4".3&%("';1$6")&'"-.1-;1.(,&/"&)"$))$-(,J$"3&6$"a&'"(*$"-1&6$14"'$1.($3B"&13$'"\;./(,(4"-.11$3
$))$-(,J$"3&6$"$\;,J.1$/(b"(*.("3,))$'"2'$.(14")'&+"(*&6$"3$6-',A$3"*$'$D"5*,6"($:("'$d$-(6"(*$"L0#=i6
'$-&++$/3.(,&/6")&'"$))$-(,J$"3&6$"a.6"&%%&6$3"(&"(*$"6&+$>*.("3,))$'$/("$))$-(,J$"3&6$"$\;,J.1$/(bD"#$2;1.(&'4
.2$/-,$6"3&"/&("*.J$"(&".3&%("(*$"'$-&++$/3.(,&/6"&)"(*$"L0#=",/"(*$,'"';1$6"./3"+.4"-*&&6$"+&'$"'$6(',-(,J$
+$(*&36"&)"$6(,+.(,/2"'$2;1.($3"%$'6&//$1"$:%&6;'$6D

6.2.4.3 Exposure Levels for Operating Physicians
@;1(,%1$"6(;3,$6"*.J$"$/3$.J&'$3"(&",3$/(,)4"."\;./(,(.(,J$"'$1.(,&/6*,%"A$(>$$/"."%'&-$3;'$i6"-;+;1.(,J$"K!="./3
(*$"$))$-(,J$"3&6$"(&"&%$'.(,/2"%$'6&//$1D"5*$'$",6"/$-$66.',14"-&/6,3$'.A1$"J.',.(,&/".+&/2"$6(,+.($6D"M&;'-$6"&)
J.',.(,&/",/-1;3$"&%$'.(&'6i"3,6(./-$")'&+"(*$":_'.4"6&;'-$"./3"(*$"3$2'$$"./3"$))$-(,J$/$66">,(*">*,-*"&%$'.(&'6
$+%1&4"6*,$13,/2"(&"%'&($-("(*$+6$1J$6D"5*$"3&6$"(&"&%$'.(&'6"%$'"I4x-+"(&"(*$"%.(,$/("*.6"3$-'$.6$3"+&3$'.($14
&J$'"(,+$">,(*"$\;,%+$/(",+%'&J$+$/(B",/-'$.6$3"&%$'.(&'".>.'$/$66B"./3"A$(($'";(,1,O.(,&/"&)"6*,$13,/2D"5*$"+&6(
-;''$/("6(;3,$6"c/3"."'./2$"&)"QDQP"(&"QDRPB">,(*"(4%,-.1"J.1;$6"-1;6($',/2".A&;("QDR";MJXI4x-+"-;+;1.(,J$"3&6$" SW$UD
aL&($"(*.("(*$"$6(,+.($3"%.(,$/("$:%&6;'$",6"PQQ";MJXI4x-+ "6;22$6(,/2"(*.("%.(,$/("$:%&6;'$",6"'&;2*14"PQQQ"(,+$6
&%$'.(&'"$:%&6;'$Db"!%%14,/2"(*$6$"J.1;$6B"."j(4%,-.1k"-&+A,/$3"-&'&/.'4".'($',&2'.+"./3"6('.,2*()&'>.'3"-&'&/.'4
,/($'J$/(,&/.1"%'&-$3;'$";(,1,O,/2"."-;+;1.(,J$"K!="&)"`Q"I4x-+ ">&;13"3$1,J$'"."`";MJ"$))$-(,J$"3&6$"(&"(*$"%*46,-,./
&%$'.(&'"6(./3,/2"'&;2*14"R"+$($'")'&+"(*$"-$/($'"&)"(*$"%',+.'4"A$.+">*,1$"3$1,J$',/2"RQ"+MJ"(&"(*$"%.(,$/(D

TA6$'J.(,&/.1"3.(.",/3,-.($"."%$'_%'&-$3;'$"&%$'.(&'"3&6$"'./2$")'&+"QDP"(&"ZS";MJ">,(*"(4%,-.1"+$3,./"J.1;$6"A$,/2
`";MJ"S##TW$UD"!/"&%$'.(&'"%$')&'+,/2"`QQ"%'&-$3;'$6X4$.'".("."(4%,-.1"$))$-(,J$"3&6$"&)"`";MJ"%$'"%'&-$3;'$B">&;13
A$"$:%$-($3"(&"'$-$,J$"."(&(.1"$))$-(,J$"3&6$"&)"PD`"+MJX4$.'l>$11"A$1&>"(*$"U0#="'$-&++$/3$3"3&6$"1,+,("&)"PQ
+MJX4$.'D"U(",6",+%&'(./("(&"%&,/("&;("(*.("(*$6$"$6(,+.($6".'$"A.6$3"&/"$))$-(,J$";6$"&)".11"%'&($-(,J$"+$.6;'$6D

5*$6$"$6(,+.($6"&)"&%$'.(,/2"%*46,-,./"$:%&6;'$".'$"'$%'$6$/(.(,J$")&'"%*46,-,./"&%$'.(&'6">*&".'$",/"(*$"-1&6$6(
%'&:,+,(4"(&"(*$"'.3,.(,&/"6&;'-$D"5*$"$:%&6;'$"(&"&(*$'"+$3,-.1"%$'6&//$1">*&".'$",/"(*$"%'&-$3;'$"'&&+"A;("/&(",/
,++$3,.($"%'&:,+,(4"(&"(*$"'.3,.(,&/"6&;'-$">&;13"A$"$:%$-($3"(&"A$"1$66l3$-'$.6,/2".6"(*$"6\;.'$"&)"(*$"3,6(./-$
)'&+"(*$"6&;'-$D"5*;6B"."6-';AA$3".66,6(./(B">*&">&;13"A$".%%'&:,+.($14"(>,-$".6").'")'&+"(*$"6&;'-$B">&;13"A$
$:%$-($3"(&"'$-$,J$"'&;2*14"&/$_)&;'(*"(*$"$:%&6;'$"&)"(*$"%',+.'4"&%$'.(&'D"=$'6&//$1">*&".'$"-,'-;1.(,/2",/"(*$
'&&+".("."3,6(./-$".("1$.6("["(,+$6"(*$"3,6(./-$")'&+"(*$"6&;'-$".6"(*$"%',+.'4"&%$'.(&'">&;13"A$"$:%$-($3"(&
'$-$,J$"'&;2*14"RXRW"&'"1$66"&)"(*$"3&6$"'$-$,J$3"A4"(*$"%',+.'4"&%$'.(&'D

6.2.4.4 Radiation Protection Considerations for Pregnant or Potentially Pregnant Occupationally Exposed

Workers
!6"3,6-;66$3",/" M$-(,&/"`D[D[B".1(*&;2*"'.3,.(,&/"$:%&6;'$"(&"(*$"*;+./"$+A'4&"./3")$(;6"6*&;13".1>.46"A$
+,/,+,O$3"a.6",6"(*$"-.6$">,(*".11"*;+./"$:%&6;'$bB"/&"+$.6;'.A1$",/-'$.6$",/".3J$'6$")$(.1"&;(-&+$6"*.6"A$$/
3$($-($3".(")$(.1"&'"$+A'4&/,-"$:%&6;'$6"t`Q"+I4D"8&'"&--;%.(,&/.114"$:%&6$3">&'7$'6",/"./":_'.4"d;&'&6-&%4
$/J,'&/+$/(B"%'&%$'"6*,$13,/2"./3"%'.-(,-$6"6*&;13"7$$%";($',/$"$:%&6;'$6">$11"A$1&>"(*,6"1$J$1")&'"(*$"3;'.(,&/"&)".
%'$2/./-4D"G$-.;6$"(*$";($';6",6"."3$$%"6(';-(;'$"./3",6",/6,3$"%'&($-(,J$"2.'+$/(6B"(*$"3&6$"(&"(*$";($';6"3$1,J$'$3
A4"6-.(($'$3":_'.4",6"2'$.(14".(($/;.($3"-&+%.'$3">,(*"(*$"3&6$"(&";/6*,$13$3".'$.6D"@$.6;'$+$/(6"+.3$",/
%*./(&+6",/3,-.($"(*.("(*$";($',/$"3&6$",/"."6;AY$-(">$.',/2"."QDP`_++"1$.3"$\;,J.1$/(".%'&/",6"tPm"&)"(*$"-&11.'
3&6$"a&;(6,3$"%'&($-(,J$"2.'+$/(6bD"5*;6B")&'"./"&--;%.(,&/.114"$:%&6$3">&'7$'"(&"'$-$,J$".";($',/$"3&6$"&)"`Q"+I4
>&;13"'$\;,'$"./".--;+;1.($3"-&11.'"A.32$"3&6$"&)"PD`"I4D

E (estimate) = 0. 5 + 0. 025H(u) H(col)

P

P

P

P



!"%'$2/./(")$+.1$"&--;%.(,&/.114"$:%&6$3">&'7$'"6*&;13">$.'B",/".33,(,&/"(&"(*$"-;6(&+.'4"-&11.'"c1+"A.32$B"./
.A3&+,/.1"A.32$">&'/";/3$'"(*$".%'&/"(&"$6(,+.($"(*$";($',/$"3&6$D"5*,6">,11"J$',)4"(*.("(*$";($',/$"3&6$",6">,(*,/"(*$
'./2$"(*.(",6"-&/6,3$'$3"(&"A$"6.)$")&'"(*$")$(;6D"<$(.,1$3"'$-&++$/3.(,&/6")&'"%'&($-(,&/"&)"(*$"%'$2/./("&'
%&($/(,.114"%'$2/./(">&'7$'",/",/($'J$/(,&/.1"'.3,&1&24"*.J$"A$$/"%;A1,6*$3B"./3"(*$6$".'$"3,'$-(14"'$1$J./("(&
-.'3,&1&24"&%$'.(&'6"./3"6(.))" SW[UD"]/)&'(;/.($14B"."'$-$/("6;'J$4",/3,-.($6"1&>".3*$'$/-$"(&"6;-*
'$-&++$/3.(,&/6D"T/14"PQm"&)">&+$/"'$%&'($3"(*$";6$"&)")$(.1"'.3,.(,&/"A.32$6">*,1$"%.'(,-,%.(,/2",/"'.3,&2'.%*,-
,+.2,/2"%'&-$3;'$6">*,1$"%'$2/./(B"./3"P[m"'$%&'($3";6,/2".33,(,&/.1"1$.3"%'&($-(,&/D"TJ$'"WQm"'$%&'($3"$,(*$'
*.J,/2"/&">&'7%1.-$"%&1,-4"&/"%'$2/./-4"&'"A$,/2";/.>.'$",)"(*$,'"3$%.'(+$/("*.3"."%&1,-4"'$2.'3,/2"'.3,.(,&/
$:%&6;'$"3;',/2"%'$2/./-4" SX"UD"5*;6B".1(*&;2*",(",6"-1$.'"(*.(">,(*".3$\;.($"%'$-.;(,&/6"./3"%'&($-(,&/"."%'$2/./(
*$.1(*-.'$">&'7$'"-./">&'7",/"./":_'.4"d;&'&6-&%4"$/J,'&/+$/(">,(*&;("3$($-(.A14"Y$&%.'3,O,/2"*$'")$(;6" SX#TX!UB".11
>&'7%1.-$6"6*&;13"3$J$1&%"./3"$/)&'-$"('.,/,/2"./3"%&1,-,$6"'$2.'3,/2"+&/,(&',/2"./3"'.3,.(,&/"'$3;-(,&/
%'&-$3;'$6")&'"%'$2/./("&%$'.(&'6"./3"6(.))" SX"UD"5*;6B",(",6"-1$.'"(*.(">,(*".3$\;.($"%'$-.;(,&/6"./3"%'&($-(,&/".
%'$2/./("*$.1(*-.'$">&'7$'"-./">&'7",/"./":_'.4"d;&'&6-&%4"$/J,'&/+$/(">,(*&;("3$($-(.A14"Y$&%.'3,O,/2"*$'")$(;6
SX#TX!UD

6.3 X-Ray CT
6.3.1 X-Ray CT Subject and Operator Dose Issues
!1(*&;2*":_'.4"05B"1,7$":_'.4"d;&'&6-&%4B",6"./"$:($'/.1"A$.+"$:%&6;'$"($-*/,\;$B";/1,7$":_'.4"d;&'&6-&%4B"(*$
,/-,3$/("A$.+",6"3,6(',A;($3"-,'-;+)$'$/(,.114".'&;/3"(*$"6;AY$-(D"0&/6$\;$/(14B":_'.4"05"6;AY$-("67,/"3&6$6"6*&;13
/$J$'".%%'&.-*"1$J$16"(*.("-&;13"-.;6$"67,/",/Y;'4D"a5*$"%&($/(,.1")&'"67,/",/Y;'4"$:,6(6",)"6-.//$'6".'$",+%'&%$'14
-.1,A'.($3"&'",)"+;1(,%1$"6-./6"&)"(*$"6.+$"A&34"'$2,&/".'$"%$')&'+$3"-1&6$"(&2$(*$'",/"(,+$Db"5*;6B")&'"(*$":_'.4"05
6;AY$-(B"*.'+",66;$6"6*&;13"A$"-&/c/$3"(&"6(&-*.6(,-"',67D"M,+,1.'14B":_'.4"05"-1,/,-.1"&%$'.(,/2"%$'6&//$1".'$"/&(
'&;(,/$14",/"(*$"'&&+">,(*"(*$"6;AY$-("3;',/2"$:%&6;'$"6&"%$'6&//$1"$:%&6;'$"6*&;13"A$"/$21,2,A1$D

6.3.2 Basics of Operation of an X-Ray CT Unit
5*$"3&6$"3$1,J$'$3"A4"./":_'.4"05"$:.+,/.(,&/"-./"J.'4"6;A6(./(,.114"3$%$/3,/2"&/"%.(,$/("-*.'.-($',6(,-6"./3"(*$
6$((,/26"&)"+;1(,%1$"6-.//$'"&%$'.(,/2"%.'.+$($'6D"0&/c2;'.A1$"05"($-*/,\;$"%.'.+$($'6"(*.("-./".))$-("3&6$
,/-1;3$":_'.4"(;A$"%&($/(,.1"a+$.6;'$3",/"7Fbo":_'.4"(;A$"-;''$/("a+$.6;'$3",/"+,11,.+%$'$6"r+!sbo"./3"6-./"%'&(&-&1B
)&'"$:.+%1$B".:,.1"&'"*$1,-.1B"%,(-*B"2.(,/2"%'&(&-&1B"6-./"'&(.(,&/"(,+$B"A$.+">,3(*B"6-./"1$/2(*B"./3"A$.+"c1('.(,&/D

U+.2$"\;.1,(4",6".))$-($3"A4",+.2,/2"%.'.+$($'"6$1$-(,&/D"5*,6"6$1$-(,&/",/J&1J$6"."-&/6-,&;6"('.3$&))"A$(>$$/
,+.2$"\;.1,(4"./3"3&6$D"T(*$'"%.'.+$($'"6$1$-(,&/6B"6;-*".6"2.(,/2"%'&(&-&1B"3&"/&("/$-$66.',14".))$-(",+.2$"\;.1,(4
A;("3&".))$-("(*$".+&;/("&)"'.3,.(,&/";6$3"(&".-\;,'$"./",+.2$"6$(D

91$-('&-.'3,&2'.%*,-"a90Ib"2.(,/2",6",+%&'(./(",/"-.'3,&J.6-;1.'",+.2,/2"(&"+,/,+,O$"+&(,&/".'(,).-(D"I.(,/2"%'&(&-&1
6$1$-(,&/"-./"*.J$"."+.Y&'",/d;$/-$"&/"6;AY$-("3&6$",/"-.'3,&J.6-;1.'",+.2,/2D

5*$'$".'$"P"(4%$6"&)"2.(,/2"aP=C832%`bV

*2435712:4=E2%C>4=6C",/J&1J$6":_'.4"$:%&6;'$"-&/(,/;.114"&J$'"(*$"-.'3,.-"-4-1$D"G$-.;6$"$:%&6;'$
&--;'6"-&/(,/;&;614B"'$('&6%$-(,J$"2.(,/2"3$1,J$'6"2'$.($'"$:%&6;'$"(*./"%'&6%$-(,J$"(',22$',/2D"#$('&6%$-(,J$
2.(,/2"-./"A$"J.1;.A1$">*$/"-&/(,/;&;6"[_3,+$/6,&/.1"3.(.".'$"/$$3$3")&'");/-(,&/.1".66$66+$/(6B"./.146$6
&)",/('.-.'3,.-"6*;/(6B"./3"6(;3,$6"3,'$-($3"(&>.'3"-.'3,.-"J.1J$6"&'"J.1J$"%'&6(*$6$6D"?*$/"'$('&6%$-(,J$
2.(,/2",6";6$3")&'"-&'&/.'4"05"./2,&2'.%*4B",+.2$6">,(*"(*$"6+.11$6(".+&;/("&)"+&(,&/_'$1.($3".'(,).-(6".'$
;6$3"(&"./.14O$"-&'&/.'4"./.(&+4o"*&>$J$'B".11",+.2$"6$(6"-./"A$".J.,1.A1$"(&".66$66"+4&-.'3,.1"+&(,&/B",)
3$6,'$3D

H35712:4=E2%43=CC23=6C",/J&1J$6"64/-*'&/,O,/2"$:%&6;'$"(&"."6$1$-($3"%&'(,&/"&)"(*$"-.'3,.-"-4-1$D"5*$"2&.1"&)
%'&6%$-(,J$"(',22$',/2",6")&'"$:%&6;'$"(&"&--;'"&/14">*$/"-.'3,.-"+&(,&/",6"+,/,+.1D"8&'"6(;3,$6"(*.(".'$"/&(
,/($/3$3"(&".66$66"+&(,&/_'$1.($3");/-(,&/.1,(4B"%'&6%$-(,J$"(',22$',/2B",)"6;--$66);1B"-./".J&,3";//$-$66.'4



95Q6?5>D%aC832"n"<126%=6%62Q%4>R"n"95Q6?5>D%15Q2315=64

$:%&6;'$D

P=C832%`
'5;1>3=756%5A%*2435712:4=E2%/'h%h>4=6C%K=4L%H35712:4=E2%/'h%h>4=6C

K=4L%32435712:4=E2%C>4=6CT%4L2%=64267=4IN;5D8?>42D%0N3>I%R2>;%=7%56%A53%4L2%264=324I%5A%4L2%*N*%=6423E>?7%D83=6C%=;>C=6Cd%K=4L
135712:4=E2%C>4=6CT%4L2%0N3>I%R2>;%=7%56%A53%>R584%!Yj%5A%2E23I%54L23%*N*%=6423E>?d

*2135D8:2D%Q=4L%123;=77=56%A35;%+L8;>6%24%>?d%SXVUd

!6">,(*":_'.4"d;&'&6-&%4B":_'.4"05",+.2$6"-./"A$".-\;,'$3".("3,))$'$/("3&6$"1$J$16">,(*"-&/-&+,(./(",+%.-("&/",+.2$
/&,6$D"T%$'.(&'6"-./"6$1$-(".+&/2"3&6$"1$J$16"3$%$/3,/2";%&/"(*$"6(;34i6"%;'%&6$D"0&'&/.'4"-&+%;($3"(&+&2'.%*4
./2,&2'.%*4"a05!b"'$\;,'$6"2'$.($'"6%.(,.1"'$6&1;(,&/"(*./"3&"$:.+,/.(,&/6")&'"A.6,-"-.'3,&J.6-;1.'"6(';-(;'$D
U+.2,/2"%'&(&-&16"./3"(*$,'",+%.-("&/"%.(,$/("3&6$".'$"3,6-;66$3",/"2'$.($'"3$(.,1",/" M$-(,&/"eD

6.3.3 X-Ray CT Measures of Subject Exposure
!6":_'.4"05",+.2,/2"($-*/&1&24"*.6"$J&1J$3B",("*.6"A$-&+$".%%.'$/("(*.("+;1(,%1$"3&6$"%.'.+$($'6".'$"/$$3$3"(&
%'$-,6$14"6%$-,)4"(*$"3&6$"3$1,J$'$3"A4"./"$:.+,/.(,&/D"5*$"3&6$"3$1,J$'$3"A4"./":_'.4"05"$:.+,/.(,&/"6*&;13"A$
-&/6,3$'$3")'&+"P"%$'6%$-(,J$6V

!"9572%=64267=4IF"<&6$"%$'";/,("+.66"&)"(,66;$D"5*,6",6"."+$.6;'$"&)"(*$",/($/6,(4"&)"(*$"3&6$";6$3"(&"2$/$'.($
(*$",+.2$6"./3",6"3$($'+,/$3"A4"(*$"-&+A,/.(,&/"&)"6-.//$'"%.'.+$($'"6$((,/26"./3"6;AY$-("-*.'.-($',6(,-6D

!"i5?8;2%5A%.=7782%/01572D%983=6C%4L2%/0>;=6>4=56d"5*,6",/-&'%&'.($6B",/".33,(,&/"(&"(*$"3&6$",/($/6,(4B"(*$
6;AY$-("J&1;+$"6-.//$3D"5*$"(&(.1"3&6$"3$1,J$'$3"(&"."6;AY$-(",6"(*$"%'&3;-("&)"(*$"3&6$",/($/6,(4"./3"(*$
J&1;+$"&)"(,66;$"$:%&6$3D



5*$'$".'$"."/;+A$'"&)"3,))$'$/("+$(',-6",/";6$".6"+$.6;'$6"&)"6;AY$-("3&6$",/":_'.4"05D"U(",6"/&($>&'(*4"(*.("+./4"&)
(*$6$"+$(',-6".'$"3$',J$3")'&+"(*$"+$.6;'$+$/("&)":_'.4"(;A$".,'"7$'+.D"E&>$J$'B",/"(*$"05"1$:,-&/B"(*$"($'+"j3&6$k
,6"J$'4">,3$14";6$3D"!--&'3,/214B"(*,6"3,6-;66,&/">,11";6$"(*$"($'+"j3&6$k"'.(*$'"(*./"j7$'+.Dk

6.3.3.1 CTDI: A Measure of Dose Intensity
M$J$'.1"'$1.($3"05"3&6$",/3$:"($'+6"*.J$"A$$/")&'+;1.($3D"05<U">.6"c'6("3$c/$3",/"PR"08#"RQPQDZZa-b".6"(*$
.J$'.2$"3&6$"3$($-($3"&J$'"."RQQ_++"1$/2(*",/"."%*./(&+")'&+"./",+.2,/2".-\;,6,(,&/"&)"R["61,-$6"a/&("/$-$66.',14
."RQQ_++",+.2,/2"1$/2(*bD"5*;6B"05<U",6"./",/3$:"&)"3&6$",+%.'($3"A4".";/,("6-./"1$/2(*D"!11"05<U"($'+6".'$
+$.6;'$6"&)"3&6$",/($/6,(4B"/&("+$.6;'$6"&)"(*$"(&(.1"3&6$"3$1,J$'$3"(&"."6;AY$-(D"I,J$/"(*.("6-./"1$/2(*6"J.'4
3$%$/3,/2"&/"(*$"%;'%&6$"&)"(*$"$:.+,/.(,&/B"(*$".-(;.1"6;AY$-("3&6$">,11".16&"A$"%'&%&'(,&/.1"(&"(*$"6-./"1$/2(*D

6.3.3.2 CTDI
05<U ",6"."'$c/$+$/("&)"05<U"(*.("6(./3.'3,O$6".11"3&6$",/3$:"+$.6;'$+$/(6"(&"."6(./3.'3,O$3"6-./"1$/2(*"&)"RQQ
++D"E&>$J$'B"(*,6"3$c/,(,&/".16&"*.6"6&+$";(,1,(4"%'&A1$+6D"5*$"3&6$"3$1,J$'$3"A4"./":_'.4"05"$:.+,/.(,&/",6"/&(
;/,)&'+".-'&66"(*$"$:%&6$3"6;AY$-("J&1;+$D"<&6$6".("(*$"+&'$"6;%$'c-,.1"1&-.(,&/6">,(*,/"(*$"$:%&6$3"J&1;+$".'$
6;A6(./(,.114"2'$.($'"(*./"3&6$6".("3$$%$'"1&-.(,&/6"-1&6$'"(&"(*$"$:%&6$3"J&1;+$"-$/($'D

6.3.3.3 CTDI
5*$"05<U "&'">$,2*($3"05<U ",6"./",/3$:"3$J$1&%$3"(&".%%'&:,+.($"(*$".J$'.2$"'.3,.(,&/"3&6$"3$1,J$'$3"(&"."-'&66
6$-(,&/"&)"."6;AY$-(i6"A&34D"U(".11&>6")&'"/&/;/,)&'+,(4"&)"3&6$">,(*"3$%(*D"05<U",6"."+&3,c-.(,&/"(&"05<U ",/
>*,-*"(*$"%$',%*$'.1"3&6$"./3"-$/($'"3&6$".'$".33$3"(&2$(*$'",/".">$,2*($3").6*,&/"aPXZ"%$',%*$'.1"3&6$"N"RXZ
-$/('.1"3&6$bD

6.3.3.4 Volume CTDI
=,(-*",6".");/3.+$/(.1"-*.'.-($',6(,-"&)"*$1,-.1"6-.//,/2"./3",6"3$c/$3".6"(*$"'.(,&"&)"(*$"6-.//,/2"A$.+">,3(*"a,/
++b"(&"(*$"1$/2(*"&)"(.A1$"+&J$+$/("3;',/2"R"2./('4"'&(.(,&/D"U)"(*$"(.A1$"+&J$+$/("1$/2(*",6"$\;.1"(&"(*$">,3(*"&)
(*$"6-.//,/2"A$.+B"(*$'$",6"/&"A$.+"&J$'1.%"A$(>$$/"61,-$6"./3"(*$"%,(-*",6"RDQD"U)"(*$"A$.+">,3(*",6"2'$.($'"(*./"(*$
(.A1$"+&J$+$/(B"(*$'$">,11"A$"A$.+"&J$'1.%"A$(>$$/"'&(.(,&/6"./3"(*$"%,(-*">,11"A$"tRDQD"U)"(*$"A$.+">,3(*",6"1$66
(*./"(*$"(.A1$"+&J$+$/(B"(*$"%,(-*">,11"A$"qRDQD

=,(-*"3$($'+,/$6"*&>"(*$"6-.//,/2"+&3$"3,6(',A;($6"'.3,.(,&/".1&/2"(*$"6-./"1$/2(*D"!"J.1;$"&)"%,(-*"tRDQ"3$1,J$'6".
*,2*$'"&J$'.11"3&6$"./3"."J.1;$"qRDQ"3$1,J$'6"1&>$'"&J$'.11"3&6$D

5&".--&;/(")&'"(*$",+%.-("&)"%,(-*"&/"3&6$B"."/$>"'$c/$+$/("(&"05<U B"0<5U B">.6",/('&3;-$3D"U(",6"6,+%14
-.1-;1.($3".6"05<U X%,(-*D"5*,6",6"(*$"3&6$",/3$:"+&6("-;''$/(14";6$3D

05<U ",6"(*$">$,2*($3".A6&'A$3"3&6$"(&".,'"&)"."R_-+".:,.1"1$/2(*"&)"(*$"$:.+,/$3"6;AY$-("1&-.($3",/"(*$"+,331$
6$-(,&/"&)"."RQQ_++"1$/2(*"6-./"&)"./".-'41,-"-41,/3$'")&'"."6%$-,c-"05"($-*/,\;$D"U(6";/,("&)"+$.6;'$",6"(*$"+I4D"U(
.--&;/(6")&'"A&(*"(*$"$:%&6;'$"3,'$-(14"3$1,J$'$3"(&"(*$"R_-+"(*,-7"61,-$"./3".16&")&'"$:%&6;'$"3$1,J$'$3"(&"(*.("61,-$
A4"6-.(($'")'&+".3Y.-$/(",+.2$3"(,66;$D"5*$"-41,/3$'"+;6("A$"6%$-,c$3".6"$,(*$'"ZP_"&'"RW_-+"3,.+$($'"./3"+;6("A$
%&6,(,&/$3",/"(*$"-$/($'"&)"6-.//,/2"A&'$"&)"(*$"05";/,("3;',/2"+$.6;'$+$/(D

'.9- "+12:=>?%'567=D23>4=567%A53%/0157832%=6%'L=?D326

U(",6"/&($>&'(*4"(*.(")&'",3$/(,-.1"($-*/,\;$6B"6+.11$'"6;AY$-(6"'$-$,J$"."*,2*$'"3&6$"(*./"1.'2$'"6;AY$-(6D"96(,+.($6
&)"05<U ")&'"A&34",+.2,/2"+.3$";(,1,O,/2"."ZP_-+"(*,-7"%*./(&+"6;A6(./(,.114";/3$'_'$%'$6$/("(*$"3&6$"'$-$,J$3"A4
6+.11",/3,J,3;.16B"$6%$-,.114"-*,13'$/D"!1(*&;2*";6,/2"."RW_-+"%*./(&+"+,2*("%'&J,3$"."+&'$".--;'.($".66$66+$/("&)
(*$".-(;.1".+&;/("&)"'.3,.(,&/"3$1,J$'$3"(&"6+.11"6;AY$-(6B"(*$"ZP_-+"%*./(&+",6"-;''$/(14"6%$-,c$3"A4"(*$
U/($'/.(,&/.1"91$-('&($-*/,-.1"0&++,66,&/"./3",6"+&6("-&++&/14";6$3D"!6"./".%%'&:,+.(,&/")&'"6+.11"6;AY$-(6B"(*$
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3&6$",/3$:"+$.6;'$3";6,/2"(*$"RW_-+"%*./(&+">,11"A$".A&;(".").-(&'"&)"P"2'$.($'"(*./"(*$"3&6$",/3$:"+$.6;'$3
;6,/2"."ZP_-+"3,.+$($'"%*./(&+D"8&'"6,+,1.'"'$.6&/6B"(*$";6$"&)"."ZP_-+"%*./(&+"+.4"'$6;1(",/"&J$'$6(,+.(,&/"&)
3&6$")&'"6;AY$-(6">,(*"(*&'.-,-"3,+$/6,&/6"qZP"-+D

6.3.3.5 Size-SpeciÞc Dose Estimate
U/,(,.1"$))&'(6"(&"3$J$1&%"."3&6$",/3$:"(*.("A$(($'"'$d$-(6"3,))$'$/-$6",/"6;AY$-("*.A,(;6"*.J$"1$3"(&"(*$",/('&3;-(,&/"&)
."\;./(,(4"-.11$3"(*$"6,O$_6%$-,c-"3&6$"$6(,+.($D"5*$"6,O$_6%$-,c-"3&6$"$6(,+.($",6"."/&'+.1,O.(,&/"&)"05<U"(*.(
(.7$6",/(&".--&;/("6;AY$-("6,O$D"5*,6"+.4"A$-&+$"."+&'$",+%&'(./("+$.6;'$")&'"'.3,.(,&/"+./.2$+$/(",/"(*$");(;'$D
E&>$J$'B"-;''$/("6-.//$'6"3&"/&("4$(".;(&+.(,-.114"3$($'+,/$"&'"'$%&'("(*$"6,O$_6%$-,c-"3&6$"$6(,+.($D"U(6
,/-&'%&'.(,&/",/(&"%'.-(,-$",6"6(,11"(&"A$"3$($'+,/$3D

6.3.3.6 DLP: A Measure of the Total Dose Absorbed by the Subject
05<U ",6"."+$.6;'$"&)"3&6$",/($/6,(4"(*.(B">*$/"+;1(,%1,$3"A4"(*$"1&/2,(;3,/.1"1$/2(*"&)"(*$"6-./B"%'&J,3$6"."+$.6;'$
&)"3&6$"'$-$,J$3B"(*$"3&6$_1$/2(*_%'&3;-("a<H=bD"5*;6B",)"(*$"6-./"1$/2(*")&'"."%'&-$3;'$",6"ZQ"-+"./3"05<U",6"PQ
+I4B"(*$/"(*$"<H=",6"WQQ"+I4k-+D"U)"(*$"6-./"1$/2(*">$'$"&/14"R`"-+B";6,/2"(*$"6.+$"%'&(&-&1"(*$"<H=">&;13"A$"ZQQ
+I4 k-+D"<H=",6"."A$(($'"%'$3,-(&'"&)"6(&-*.6(,-"',67">*$/"-&+%.'$3">,(*"05<UD

6.3.4 X-Ray CT Measures of Effective Dose
5*$"A$/$c(6"./3"6*&'(-&+,/26"&)"$))$-(,J$"3&6$"a$:%'$66$3",/";/,(6"&)"+MJb".6"./",/3,-.(&'"&)"6(&-*.6(,-"',67".'$
.33'$66$3",/" M$-(,&/"[D`D"8&'"05",+.2,/2B"9;'&%$./"0&++,66,&/u6%&/6&'$3"2;,3$1,/$6")'&+"PQQQ"SXWU"./3"PQQ[
SXXU"*.J$"6;22$6($3"."6,+%1$".%%'&:,+.(,&/"&)"(*$"$))$-(,J$"3&6$"(*.("-./"A$"&A(.,/$3"A4"+;1(,%14,/2"(*$"<H="A4".
-&/J$'6,&/").-(&'"7"a;/,(V"+MJ"x"+I4 "x"-+ b"(*.("J.',$6"3$%$/3$/("&/"(*$"'.3,.(,&/"6$/6,(,J,(4"&)"3,))$'$/("A&34
'$2,&/6"./3"%.(,$/(".2$6D"5*$"9;'&%$./"2;,3$1,/$"3&-;+$/(6"&))$'"-&/J$'6,&/").-(&'6")&'"05"&)"(*$"*$.3B"/$-7B"-*$6(B
.A3&+$/B"%$1J,6B"./3"1$26B".11"A.6$3"&/"@&/($"0.'1&"6,+;1.(,&/6"&)"6,/21$_61,-$"05"6-.//$'6"./3"(*$"(*$/_-;''$/(
3$c/,(,&/"&)"$))$-(,J$"3&6$B">*,-*">.6"6;A6$\;$/(14";%3.($3">,(*"(*$",/('&3;-(,&/"&)"(*$"/$>"(,66;$">$,2*(,/2
).-(&'6"a .>R?2%Vb",/"U0#="=;A1,-.(,&/"RQZ"S#XUD"0&/J$'6,&/").-(&'6")&'"-*$6("05",/"(*$6$"3&-;+$/(6"'./2$3")'&+
QDQR["(&"QDQRg"+MJ"x"+I4"x"-+ ",/".3;1(6B"./3"QDQRZ"(&"QDQZg"+MJ"x"+I4"x"-+ ",/"-*,13'$/D"5*$"QDQR["+MJ"x
+I4 "x"-+ ").-(&'B">*,-*">.6"6;A6$\;$/(14",/-1;3$3",/"!+$',-./"!66&-,.(,&/"&)"=*46,-,6(6",/"@$3,-,/$"2;,3$1,/$6
SXYUB",6"+&6("-&++&/14";6$3")&'"-*$6("05",/".3;1(6D"E&>$J$'")&'"05"$:.+,/.(,&/6"-&/c/$3"(&"(*$"-.'3,.-"'$2,&/B
6;-*".6"+&6("-&'&/.'4"05"./2,&2'.%*4"./3"-.1-,;+"6-&',/2"6-./6B"6,/-$"(*$"-.'3,.-"'$2,&/",6"+&'$"'.3,&6$/6,(,J$
(*./"(*$"'$6("&)"(*$"-*$6(B"6$J$'.1"6(;3,$6"SX`gY#U"*.J$"3$+&/6('.($3"(*.("$6(,+.($6"&)"-.'3,.-"-&/J$'6,&/").-(&'6
.'$"-&/6,3$'.A14"2'$.($'B"'./2,/2")'&+"QDQRe"(&"QDQ[Z"+MJ"x"+I4 "x"-+ ",/".3;1(6B"3$%$/3,/2"&/"(*$"6-.//$'B
%'&(&-&1B"./3"+$(*&3&1&24";6$3B">,(*"./".J$'.2$"c2;'$"&)"QDQPW"+MJ"x"+I4"x"-+ "SY!UD

6.3.4.1 X-Ray CT Measures of Effective Dose in Children
=$3,.(',-"05"3&6,+$('4",6"-&+%1,-.($3"A4"(*$").-("(*.("6-.//$'6"./3"6(;3,$6"*.J$"J.',.A14";6$3"ZP_"&'"RW_-+
%*./(&+6")&'"(*$"3$($'+,/.(,&/"&)"<H="a6$$" M$-(,&/"WDZDZD[bD"8&'"(*.("'$.6&/B">*$/"'$%&'(,/2"05<U"&'"<H=",/"-*,13'$/B
(*$"%*./(&+"6,O$";6$3"6*&;13".1>.46"A$"6%$-,c$3D"U/"-*,13'$/B"9;'&%$./"2;,3$1,/$6")&'"-*$6("05"-&/J$'6,&/").-(&'6
SYVUB"A.6$3"&/"(*$"ZP_-+"%*./(&+B"'./2$")'&+"QDQRZ"+MJ"x"+I4"x"-+ "aRQ"4$.'6b"(&"QDQZg"+MJ"x"+I4"x"-+ "aQ
4$.'6bB"3$%$/3,/2"&/".2$D"T/14".")$>"6(;3,$6B"./3"&/14"P";6,/2"-&/($+%&'.'4"-.'3,.-"6-.//$'6B"*.J$"3$($'+,/$3
-.'3,.-"05u6%$-,c-"-&/J$'6,&/").-(&'6")&'"-*,13'$/D"L&'+.1,O$3"(&"(*$"ZP_-+"%*./(&+B"(*$"-&/J$'6,&/").-(&'6"A4
=&3A$'$674"$(".1D"SYWU".J$'.2$3"QDQgP"+MJ"x"+I4 "x"-+ ")&'".2$"R"4$.'"./3"QDQSP"+MJ"x"+I4 "x"-+ ")&'".2$"`
4$.'6B">*$'$.6"(*$"-&/J$'6,&/").-(&'6"A4"5'.((/$'"$(".1D" SYVU">$'$"QDQgg"+MJ"x"+I4 "x"-+ ")&'".2$"R"4$.'"./3"QDQ[g
+MJ"x"+I4 "x"-+ ")&'".2$"RQ"4$.'6D"5*;6B">*$/"$6(,+.(,/2"$))$-(,J$"'.3,.(,&/"3&6$")'&+"05<U "./3"<H=",/"-.'3,.-
05B",(",6",+%&'(./("(&";/3$'6(./3"(*.("(*$"-&/J$'6,&/").-(&'";6$3",6"6%$-,c-"(&"$,(*$'"."ZP_"&'"RW_-+"%*./(&+B"+.4"A$
-.'3,.-_"&'"-*$6(_6%$-,c-B"./3"+.4"&'"+.4"/&("A$"6-.//$'_B"%'&(&-&1_B"./3".2$_6%$-,c-D"8&'"(*.("'$.6&/B">*$/
'$%&'(,/2"$))$-(,J$"3&6$B"A&(*"(*$"%*./(&+"6,O$"./3"(*$"6%$-,c-"-&/J$'6,&/"a>b").-(&'";6$3"6*&;13"A$"6%$-,c$3D"<&6$
-.1-;1.(,&/6"(*.(".'$".3Y;6($3")&'".2$"./3"6,O$"6*&;13"/&("A$";6$3",/($'-*./2$.A14">,(*"A.-72'&;/3"'.3,.(,&/
$6(,+.($6"(*.(".'$"/&("6,+,1.'14".3Y;6($3B"&'"(&"-&+%.'$"A$(>$$/"+&3.1,(,$6">,(*&;("6,+,1.'".3Y;6(+$/(6",/"-.1-;1.($3
3&6$"SYXUD
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6.3.5 X-Ray CT Dose Alert Monitoring
5*$"yy='&($-(,/2"!--$66"(&"@$3,-.'$"!-("&)"PQR[ii"'$\;,'$6"(*.(",+.2,/2"%'&J,3$'6"-&+%14">,(*"(*$"L.(,&/.1"91$-(',-.1
@./;).-(;'$'6"!66&-,.(,&/"^#_Pg"M(./3.'3"!((',A;($6"&/"05"9\;,%+$/("#$1.($3"(&"<&6$"T%(,+,O.(,&/"./3
@./.2$+$/(B".16&"7/&>/".6"@$3,-.1"U+.2,/2"z"5$-*/&1&24"!11,./-$"M+.'("<&6$
a*((%VXX>>>D+$3,-.1,+.2,/2D&'2X%&1,-4_./3_%&6,(,&/6X+,(._6+.'(_3&6$XbD"5&"A$"-&+%1,./(">,(*"(*$"@$3,-.1"U+.2,/2
z"5$-*/&1&24"!11,./-$"M+.'("<&6$B"."05"6-.//$'"+;6("%&66$66"[".((',A;($6V

RD"<U0T@_-&+%1,./("'.3,.(,&/"3&6$"6(';-(;'$3"'$%&'(,/2"a *((%6VXX>>>D/$+.D&'2XM(./3.'36X=.2$6XM(./3.'3_
!((',A;($6_&/_05_9\;,%+$/(_#$1.($3_(&_<&6$_T%(,+,O.(,&/_./3_@./.2$+$/(D.6%: bD

PD"<&6$"-*$-7")$.(;'$6"a *((%6VXX>>>D/$+.D&'2XM(./3.'36X=.2$6X0&+%;($3_5&+&2'.%*4_<&6$_0*$-7D.6%:bD

ZD"!;(&+.(,-"$:%&6;'$"-&/('&1D

[D"#$)$'$/-$".3;1("./3"%$3,.(',-"%'&(&-&16"a *((%6VXX>>>D/$+.D&'2XM(./3.'36X=.2$6XM;%%1$+$/(.1_
#$\;,'$+$/(6_)&'_]6$'_U/)&'+.(,&/_./3_M46($+_8;/-(,&/_#$1.($3_(&_<&6$_,/_05D.6%: bD

M,/-$"C./;.'4"RB"PQRWB"@$3,-.'$"*.6"'$3;-$3"A4"`m"(*$"'$,+A;'6$+$/(")&'"(*$"($-*/,-.1"-&+%&/$/("&)",+.2,/2
%'&-$3;'$6"%$')&'+$3",/",+.2,/2"-$/($'6B"%*46,-,./"&h-$6B"./3"*&6%,(.1"&;(%.(,$/("6$((,/26"&/"05"$\;,%+$/("(*.(",6
/&(",/"-&+%1,./-$">,(*".11"[".((',A;($6"&)"(*$"@$3,-.1"U+.2,/2"z"5$-*/&1&24"!11,./-$"M+.'("<&6$D

6.4 Patient and Personnel Exposure in Nuclear Cardiology
6.4.1 Patient Exposure in Nuclear Cardiology
U/"-&/('.6("(&"%'&Y$-(,&/.1"&'"(&+&2'.%*,-"('./6+,66,&/",+.2,/2">,(*":_'.46B"'.3,.(,&/"3&6$"(&"(*$"6;AY$-(")'&+
6-,/(,2'.%*4"-&+$6")'&+">,(*,/o")'&+",&/,O,/2"'.3,.(,&/"$+,(($3"A4"."'.3,&%*.'+.-$;(,-.1"(*.("*.6"A$$/".3+,/,6($'$3
(&"(*$"6;AY$-(D"@&6("&)($/B"(*$"'.3,&%*.'+.-$;(,-.1",6".3+,/,6($'$3",/('.J$/&;614"./3"3,6(',A;($6"(*'&;2*&;("(*$
A&34D"0&/6$\;$/(14B";/1,7$":_'.4",+.2,/2B">*,-*"%',/-,%.114"$:%&6$6"(*$",+.2$3"6(';-(;'$6B"(*$"'.3,&.-(,J$"('.-$'
$:%&6$6"(*$"$/(,'$"A&34B"/&("Y;6("(*$"*$.'("./3".3Y.-$/("6(';-(;'$6D"T'2./6"'$-$,J,/2"(*$"*,2*$6("'.3,.(,&/"3&6$"+.4
/&("A$"(*$",+.2$3"6(';-(;'$6D"8;'(*$'+&'$B"(*$"%.(,$/(i6"A$*.J,&'".)($'"6(;34"-&+%1$(,&/"-./".1($'"(*$"'.($"&)
'.3,&%*.'+.-$;(,-.1"$:-'$(,&/B">*,-*"-./".))$-("(*$"&J$'.11"'.3,.(,&/"3&6$")'&+"(*$"%'&-$3;'$D

5*$")&11&>,/2",/)&'+.(,&/",6"$+%1&4$3"(&"$6(,+.($"(*$"$))$-(,J$"3&6$")'&+"."'.3,&%*.'+.-$;(,-.1"$:%&6;'$"a>*,-*",6
+$./("(&".%%'&:,+.($"(*$"$\;,J.1$/(";/,)&'+">*&1$_A&34"3&6$bV

RD"f;./(,(4"&)"'.3,&.-(,J,(4".3+,/,6($'$3D
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7.1 General Principles
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7.1.2 Dose-Determining Variables
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7.1.3 Image Quality Issues
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7.1.3.1 Spatial Resolution: Detector Input Dose, Pulse Width, and Nuclear Scan Acquisition
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7.1.3.2 Temporal Resolution: Pulse Duration and Frequency
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7.2 X-Ray Fluoroscopy
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7.2.1 General Principles
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7.2.2 Digital X-Ray System Operating Modes
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7.2.3 X-Ray System Calibration, Operation, and Dose
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7.2.3.1 Temporal Resolution Issues and Dose Tradeoffs
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7.2.4 Determinants of Total Dose for an Exposure
7.2.4.1 Dose Per Frame and Framing Rate
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7.2.4.2 X-Ray Imaging Field Size and System Positioning
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7.2.5 Procedures and Practices to Minimize Patient and Personnel Exposure
G$-.;6$"6&"+./4"J.',.A1$6".))$-("%.(,$/("./3"+$3,-.1"%$'6&//$1"$:%&6;'$B"(*$'$".'$".A;/3./("&%%&'(;/,(,$6"(&
+,/,+,O$"$:%&6;'$"(&"A&(*"-&/6(,(;$/-,$6D

7.2.5.1 X-Ray Equipment Quality, Calibration, and Maintenance
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7.2.5.2 Physician Operator Conduct
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7.2.5.3 Physician and Medical Personnel Shielding and Protection
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7.2.6 Pregnant Occupationally Exposed Workers
7.2.6.1 Uterine Exposure Considerations for Pregnant or Potentially Pregnant Occupationally Exposed

Workers
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7.2.6.2 Radiation Protection and Monitoring Practices for Pregnant or Potentially Pregnant Occupationally

Exposed Workers
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7.2.7 Alternative Imaging Techniques
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7.2.8 Summary Checklist for Dose Sparing in X-Ray Fluoroscopy
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7.3 X-Ray CT
7.3.1 X-Ray CT General Principles
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7.3.1.1 Case Selection Appropriateness
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7.3.1.2 Procedure Planning and Patient Preparation
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7.3.2 Equipment Quality and Calibration
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7.3.3 Variables That Affect Patient Dose for X-Ray CT
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7.4 Nuclear Cardiology Techniques
7.4.1 Nuclear Cardiology General Principles
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7.4.2 Nuclear Cardiology Equipment Quality, Calibration, and Maintenance
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7.4.3 Nuclear Cardiology Spatial Resolution and Image Detector Dose
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'.3,&%*.'+.-$;(,-.1"3&6$".3+,/,6($'$3",6"6+.11B".1(*&;2*"(*$"'.3,.(,&/"3&6$"(&"(*$"6;AY$-(">,11"A$"6+.11$'B"."1&/2$'
6-./".-\;,6,(,&/"(,+$">,11"A$"'$\;,'$3D"=.(,$/(6"-.//&("1,$"6(,11",/3$c/,($14D"0&/6$\;$/(14B"(*$'$".'$"1,+,(.(,&/6"(&
%'.-(,-.1".-\;,6,(,&/"3;'.(,&/">,(*&;(",/('&3;-,/2"+&(,&/".'(,).-(6D

7.4.4 Procedures and Practices to Minimize Patient Exposure
5*$"J.',.A1$6"(*.(".))$-("%.(,$/("3&6$"(*.("-./"A$".3Y;6($3",/"/;-1$.'"+4&-.'3,.1"%$');6,&/",+.2,/2",/-1;3$V
'.3,&%*.'+.-$;(,-.1"6$1$-(,&/"./3"3&6$B",+.2$".-\;,6,(,&/"(,+$B">*$(*$'"(&"'&;(,/$14".-\;,'$"'$6(",+.2$6B"./3"+&3$
&)"6('$66D

7.4.4.1 Radiopharmaceutical Choice
+H/'.%-;>C=6C%&C2647F%.:N[[;%>6D%.?N!"#

5*$"+&6("-&++&/14";6$3"M=905"'.3,&%*.'+.-$;(,-.16";6$"5-_gg+"A&;/3"$,(*$'"(&"6$6(.+,A,"&'"($('&)&6+,/D"5*$6$
'.3,&%*.'+.-$;(,-.16"*.J$"1.'2$14"6;%%1./($3"51_PQR"-*1&',3$"A$-.;6$"&)"5-_gg+i6"6;%$',&'",+.2,/2"-*.'.-($',6(,-6
./3"1&>$'"'.3,.(,&/"3&6$"(&"(*$"6;AY$-(D"!"(4%,-.1"$))$-(,J$"3&6$"'./2$")&'"."R_3.4"5-_gg+"'$6(_6('$66",+.2,/2
%'&(&-&1",6"gDS"(&"RWDZ"+MJ"S#"!UD"E&>$J$'B"51_PQR"*.6"."%*.'+.-&1&2,-.1".3J./(.2$",/"(*.(",("'$3,6(',A;($6"&J$'"(,+$B
%'&J,3,/2"."J,.A,1,(4".66$66+$/(">,(*"/&".33,(,&/.1"'.3,.(,&/"$:%&6;'$D"5*;6B"51_PQR"*.6"."'&1$"(*.("+.4"A$
-&/6,3$'$3",/"-.6$6">*$/"J,.A,1,(4"3.(.",6"/$$3$3D

H/.%-;>C=6C%&C2647F%*RN$!%'L?53=D2T%,N#V%&;;56=>T%PN#$%P?8535D250IC?8:572

=95"+4&-.'3,.1"%$');6,&/",+.2,/2"-./"A$"3&/$">,(*"."/;+A$'"&)"'.3,&%*.'+.-$;(,-.16D"!11"%&6,('&/"$+,(($'6"4,$13
%*&(&/6">,(*"$/$'2,$6"&)"`RR"7$FB">*,-*",6",3$.1")&'",+.2,/2D

5*$"+&6("-&++&/14";6$3".2$/(",6"#A_SP"-*1&',3$D"#A_SP"*.6"."J$'4"6*&'("%*46,-.1"*.1)_1,)$B">*,-*"-&/)$'6"./
.3J./(.2$B"./"&%$'.(,&/.1"-*.11$/2$B"./3"."3,6.3J./(.2$D"5*$".3J./(.2$",6"(*.("(*$"'.%,3"%*46,-.1"3$-.4"-./".-*,$J$
*,2*"-&;/("'.($6">,(*"."6;A6(./(,.1"3$-'$.6$",/"6;AY$-("3&6$D"5*$"&%$'.(,&/.1"-*.11$/2$",6"(*.("(*$"'.3,&/;-1,3$"3&6$
+;6("A$".3+,/,6($'$3"%'&+%(14".)($'",(",6"2$/$'.($3B"./3"(*$"%.(,$/("+;6("A$",+.2$3",++$3,.($14".)($'"/;-1,3$
.3+,/,6('.(,&/D"5*$"3,6.3J./(.2$",6"(*.("(*$"6*&'("*.1)_1,)$"'$\;,'$6"(*.("&/14"%*.'+.-&1&2,-.1"6('$66"-./"A$";6$3D
5*,6"+$./6"(*.("(*$",/3$%$/3$/("%'&2/&6(,-",/)&'+.(,&/".J.,1.A1$")'&+"$:$'-,6$"6('$66",6"1&6(";/1$66"."6$%.'.($
/&/,+.2,/2"$:$'-,6$"6('$66",6"%$')&'+$3D

=95i6"'.3,.(,&/"3&6$".3J./(.2$",6"61,2*(14"&))6$("A4"(*$").-("(*.("=95",+.2,/2"'$\;,'$6".(($/;.(,&/"-&''$-(,&/B">*,-*
'$\;,'$6"./".33,(,&/.1":_'.4"05"$:%&6;'$D"5*$".+&;/("&)".33,(,&/.1"'.3,.(,&/")'&+"(*$":_'.4"05"-&+%&/$/(",6"J.',.A1$
3$%$/3,/2"&/"(*$"($-*/,\;$";6$3B"A;("6*&;13"A$"J$'4"6+.11"-&+%.'$3">,(*"(*$"'.3,&/;-1,3$"3&6$D"@./4"-$/($'6
-;''$/(14"%$')&'+"05".(($/;.(,&/"-&''$-(,&/")&'"M=905".6">$11B"6&",)"."*,2*_3&6$"05"%'&(&-&1",6";6$3B"(*$"(&(.1".+&;/(
&)"'.3,.(,&/"$+%1&4$3"+.4"/&("A$"(*.("3,))$'$/("A$(>$$/"M=905"./3"=95D

L_RZ".++&/,.",6"./"$:-$11$/(",+.2,/2".2$/(")&'"\;./(,c-.(,&/"&)"+4&-.'3,.1"A1&&3"d&>D"U(",6"-4-1&('&/_2$/$'.($3"./3
*.6"."RQ_+,/;($"*.1)_1,)$D"5*$"1.(($'"'$6;1(6",/"."6;AY$-("'.3,.(,&/"3&6$")&'"."'$6(_6('$66"6(;34"&)"&/14"PDP"+MJB">*,-*",6
$J$/"1&>$'"(*./"#A_SP"'$6(_6('$66"+4&-.'3,.1"%$');6,&/",+.2,/2D"G$-.;6$"&)",(6"J$'4"6*&'("*.1)_1,)$B"L_RZ",+.2,/2"-./
&/14"A$"-&/3;-($3",/".").-,1,(4">,(*"./"&/_6,($"a&'"J$'4"/$.'A4b"-4-1&('&/B"./3"%'&3;-(,&/"+;6("A$"J$'4"(,2*(14"%.,'$3"(&
.3+,/,6('.(,&/D"5*,6"%'$6$/(6"1&2,6(,-.1"./3"c/./-,.1"-*.11$/2$6"(*.("1,+,("(*$".J.,1.A,1,(4"&)"L_RZ",+.2,/2D



#A_SP"-*1&',3$B">*,-*"*.6"."e`_6$-&/3"*.1)_1,)$B",6"2$/$'.(&'_%'&3;-$3D"5*,6"+.7$6",("+&'$"'$.3,14".J.,1.A1$"(*./"L_RZD
U("%'&J,3$6"."J,.A1$".1($'/.(,J$"(&"5-_gg"M=905",+.2,/2",/"-$/($'6"(*.("*.J$"(*$",/)'.6(';-(;'$"&)"=95"6-.//$'6"./3
6;h-,$/("-1,/,-.1"J&1;+$"(&".+&'(,O$"(*$"2$/$'.(&'"-&6(D"#A_SPi6"6*&'("*.1)_1,)$"'$6;1(6",/"."6;AY$-("'.3,.(,&/"3&6$")&'
."'$6(_6('$66"6(;34"&)"ZDZ"(&"ZDS"+MJ"(*.(",6".")'.-(,&/"&)"(*$"3&6$")'&+"."5-_gg+"6$6(.+,A,"R_3.4"'$6(_6('$66",+.2,/2
6(;34"S#"VT#"WUD

8_RS",6"-4-1&('&/_2$/$'.($3"./3"*.6"."RRQ_+,/;($"*.1)_1,)$D"5*$"RS_d;&',3$"./,&/",6"(*$/",/-&'%&'.($3",/(&"21;-&6$"(&
+.7$"RS_d;&'&3$&:421;-&6$D"G$-.;6$"&)"(*$"'$1.(,J$14"6*&'("*.1)_1,)$B",("+;6("A$".3+,/,6($'$3"%'&+%(14D"U(",6">,3$14
;6$3"(&",+.2$"(;+&'6"./3",/d.++.(,&/D"U/"-.'3,&J.6-;1.'"+$3,-,/$B",(",6"&)"J.1;$"(&"3$($-("J,.A1$"./3"*,A$'/.(,/2
+4&-.'3,;+"./3"(&",+.2$"+4&-.'3,.1"6.'-&,3"./3",/d.++.(,&/D

7.4.4.2 Imaging Protocol Choice
-;>C=6C%&C264

5*$'$".'$"."J.',$(4"&)",+.2,/2"%'&(&-&1"6('.($2,$6"(*.("%'&J,3$"3,))$'$/("&%%&'(;/,(,$6"(&"'$3;-$"6;AY$-("3&6$D"9.-*
,/J&1J$6"-&+%'&+,6$6"./3"('.3$&))6D

!6"5-_gg+",+.2,/2".2$/(6"./3"#A_SP"3&"/&("'$3,6(',A;($B"6$%.'.($"'.3,&%*.'+.-$;(,-.1",/Y$-(,&/6".'$"/$$3$3")&'"(*$
6('$66"./3"(*$"'$6(,/2"6-./6D"G$-.;6$"&)"#A_SPi6"6*&'("%*46,-.1"*.1)_1,)$B"A&(*",/Y$-(,&/6"-./";(,1,O$"(*$"6.+$"3&6$B".6
(*$"c'6("3&6$i6">,11"*.J$"3$-.4$3"A4"(*$"(,+$"(*$"6$-&/3"3&6$",6".3+,/,6($'$3"a(4%,-.114"PQ"(&"ZQ"+0,bD"E&>$J$'B")&'".
5-_gg+"6.+$_3.4"6('$66_'$6("%'&(&-&1B"(*$"c'6(".3+,/,6('.(,&/",6">,(*"."1&>$'"3&6$"a(4%,-.114"RQ"+0,b"./3"(*$"6$-&/3
$+%1&46"."*,2*$'"3&6$"a(4%,-.114"ZQ"+0,bD"5*$"A.6,6"&)"(*,6"6('.($24",6"(*.("(*$"*,2*$'"3&6$"&)"(*$"6$-&/3
.3+,/,6('.(,&/"&J$'>*$1+6"(*$"'$6,3;.1"-&;/(6")'&+"(*$"c'6(".3+,/,6('.(,&/D"5*,6"/$-$66.',14"+$./6"(*.("(*$"1&>$'_
3&6$".3+,/,6('.(,&/"+.4"A$"-&;/(_%&&'"./3"+.4"A$"/&/3,.2/&6(,-B"%.'(,-;1.'14",/"1.'2$'"%.(,$/(6D"U/"6;-*"-.6$6B"."P_
3.4"%'&(&-&1";6,/2"(*$"+.:,+.1"3&6$"$.-*"3.4",6"%'$)$''$3D

+43277N*274%i23787%*274N+43277%H3545:5?

M('$66_c'6("./3"'$6(_c'6(".-\;,6,(,&/"%'&(&-&16"*.J$"3,))$'$/("+$',(6B"./3"-*&&6,/2"A$(>$$/"(*$+",/J&1J$6"A.1./-,/2".
/;+A$'"&)"-&/6,3$'.(,&/6D"5*$"-*&,-$"A.1./-$6"(*$",+%&'(./("2&.1"&)"'$3;-,/2"%.(,$/("3&6$".2.,/6("(*$"'$\;,'$+$/(
(&"$/6;'$".-\;,6,(,&/"&)".");114"3,.2/&6(,-"6(;34D"!"1&>_3&6$"6('$66_c'6("%'&(&-&1"&))$'6"(*$"%&($/(,.1"(&".-\;,'$".
3,.2/&6(,-"6(;34".("'$3;-$3"(&(.1"%.(,$/("3&6$",)"(*$"6('$66",+.2$6".'$"&)"2&&3"\;.1,(4"./3".'$"/&'+.1D"U)"(*$"6('$66
,+.2$",6"/&'+.1B"(*$'$",6"/&"/$$3"(&"3&"."'$6(",+.2$B"./3"(*$"6(;34"-./"A$"-&+%1$($3">,(*"."6,/21$"1&>_3&6$",/Y$-(,&/D
]6$"&)"6('$66_c'6(",+.2,/2",/"6&+$"%.(,$/(6"*.6"A$$/"'$-&++$/3$3".6"."A$6("%'.-(,-$"%'&(&-&1"A4"(*$"U/($'/.(,&/.1
!(&+,-"9/$'24"!2$/-4" S#"#U"./3",6">,3$14"%'.-(,-$3"$))$-(,J$14",/"9;'&%$D"E&>$J$'B".1(*&;2*"6('$66_c'6(",+.2,/2
&))$'6"(*$"%&($/(,.1"&)"6.J,/2"3&6$">*$/"(*$"6('$66",+.2$6".'$"/&'+.1B",(".16&"+$./6"(*.("(*$"6('$66",+.2$B".'2;.A14
(*$"+&'$",+%&'(./("&)"(*$"PB",6".-\;,'$3">,(*"."1&>$'"'.3,&%*.'+.-$;(,-.1".-(,J,(4o",/"6&+$"%.(,$/(6l%.'(,-;1.'14",/
(*&6$">,(*"6,2/,c-./("&A$6,(4l(*,6"+.4"-&+%'&+,6$",+.2$"\;.1,(4"./3"(*$'$A4"(*$"6(;34i6"&J$'.11"3,.2/&6(,-
.--;'.-4D"U/".33,(,&/B",)"(*$"6('$66",+.2$",6".A/&'+.1B"(*$"'$6(",+.2$"+;6("A$"&A(.,/$3"./4>.4")&'"."-&+%1$($"6(;34D

5*$"!+$',-./"M&-,$(4"&)"L;-1$.'"0.'3,&1&24",+.2,/2"2;,3$1,/$6"A.1./-$"(*$6$"-&+%$(,/2"%',&',(,$6",/"%'&(&-&1
6$1$-(,&/"S#"!T#"XUD"?*,1$"/&(,/2"(*.("j,/"%.(,$/(6">,(*&;("."*,2*"%'$_($6("%'&A.A,1,(4"&)"."6('$66"%$');6,&/"3$)$-("&'
1$)("J$/(',-;1.'"346);/-(,&/"&'"3,1.(.(,&/B"."1&>_3&6$"6('$66X*,2*_3&6$"'$6("5-_gg+"%'&(&-&1",6".3J./(.2$&;6"A$-.;6$
."6,2/,c-./("%$'-$/(.2$"&)"(*$6$"%.(,$/(6">,11"*.J$"/&'+.1"6('$66",+.2,/2B"(*$'$A4"&AJ,.(,/2"(*$"/$$3")&'"(*$"'$6(
,+.2,/2">,(*",(6".33,(,&/.1"'.3,.(,&/"$:%&6;'$Bk"(*$"2;,3$1,/$".11&>6"(*.(",/"j1.'2$'"%.(,$/(6"a$D2D"qP`Q"1A6"&'"G@U"qZ`b
&'",/")$+.1$"%.(,$/(6">*$'$"6,2/,c-./("A'$.6(".(($/;.(,&/",6"./(,-,%.($3B"."1&>"3&6$"&)"5-_gg+"'.3,&('.-$'"+.4"'$6;1(
,/"6;A&%(,+.1",+.2$6"./3"."P_3.4",+.2,/2"%'&(&-&1">,(*"*,2*$'".-(,J,(,$6"aRS"(&"ZQ"+0,b")&'"$.-*",/Y$-(,&/"+.4"A$
%'$)$'.A1$Dk



5*;6B"6('$66_c'6(",+.2,/2",6".3J,6.A1$",/"6;AY$-(6">*&".'$"2&&3",+.2,/2"6;AY$-(6"./3">*&"3&"/&("*.J$"."*,2*"%'$($6(
%'&A.A,1,(4"&)"./".A/&'+.1"6(;34D"T)"/&($B"(*$";6$"&)".(($/;.(,&/"-&''$-(,&/"./3X&'"%'&/$",+.2,/2"+.4",/-'$.6$"(*$
%'&%&'(,&/"&)"%.(,$/(6">*&".'$".%%'&%',.($"6;AY$-(6")&'"6('$66_c'6(",+.2,/2D"8&'"1.'2$'"%.(,$/(6"&'")$+.1$6
>,(*"6,2/,c-./("A'$.6(".(($/;.(,&/B"."P_3.4"%'&(&-&1",6".3J,6.A1$D"<$%$/3,/2"&/"(*$"%'.-(,-$"6$((,/2B"'$6(_c'6(",+.2,/2
>&;13"A$".%%'&%',.($",/"6;AY$-(6">*&".'$"1,7$14"(&"*.J$".A/&'+.1"6('$66",+.2,/2B"&'">*&">,11"A$"3,h-;1("(&",+.2$"A;(
)&'">*&+"."P_3.4"6(;34",6"/&(")$.6,A1$D

7.4.4.3 Image Acquisition Practices
5*$"%.(,$/("3&6$")&'"."/;-1$.'"-.'3,&1&24"6(;34",6"3$($'+,/$3"A4"(*$"'.3,&/;-1,3$";6$3"./3"(*$"3&6$",/Y$-($3D"5*$
3&6$"'$\;,'$3",6"3$($'+,/$3"A4"(*$"-.%.A,1,(,$6"&)"(*$",+.2,/2"$\;,%+$/(B"*&>",(",6";6$3B"./3"(*$"%'.-(,-.1"(,+$_
%$',&3"(&".-\;,'$",+.2$6D"U/-'$.6,/2"(*$"$h-,$/-4"&)",+.2$".-\;,6,(,&/"1&>$'6"(*$".+&;/("&)"'.3,&.-(,J,(4"/$$3$3B
'$3;-,/2"(*$"3&6$".3+,/,6($'$3"(&"(*$"%.(,$/(D"0;''$/("6-.//$'6".-\;,'$"-&;/(6"+&'$"$h-,$/(14"(*./"$.'1,$'"+&3$16
./3"+.7$",("%&66,A1$"(&";6$"1&>$'",/Y$-($3"'.3,&.-(,J,(4"3&6$6D

5*$".-(,J,(4"'$\;,'$3"(&".-\;,'$"."3,.2/&6(,-"6(;34",6".16&",/d;$/-$3"A4".6%$-(6"&)"(*$".-\;,6,(,&/"($-*/,\;$D"5*$'$
.'$"."/;+A$'"&)"%'.-(,-$6"(*.(B",)")&11&>$3B">,11"$/.A1$".-\;,6,(,&/"&)"\;.1,(4"3,.2/&6(,-",+.2$6".("6+.11$'"'.3,&.-(,J,(4
3&6$6D"U(",6",+%&'(./("(&"$+%*.6,O$"(*.("(*$6$".'$"6(;34"-&/3;-("3$-,6,&/6"(*.("6*&;13"A$"+.3$",/3,J,3;.114B"A.6$3
&/"(*$"%.'(,-;1.'6"&)"(*$"%.(,$/("./3"(*$"6(;34"2&.16"A4"(*$"%*46,-,./"'$6%&/6,A1$")&'"(*$"6(;34D

RD"0.+$'."%&6,(,&/,/2 D"#.3,&.-(,J$"$+,66,&/",/($/6,(4"3$-'$.6$6">,(*"(*$"6\;.'$"&)"3,6(./-$")'&+"(*$"6&;'-$
(&"(*$"3$($-(&'D"0&/6$\;$/(14B",(",6"-',(,-.1"(&"%&6,(,&/"(*$"-.+$'.".6"-1&6$".6"%&66,A1$"(&"(*$"%.(,$/("(*'&;2*&;(
(*$".-\;,6,(,&/D"G4"3&,/2"(*,6"3,1,2$/(14B",+.2$"\;.1,(4".("."6%$-,c-"3&6$">,11"A$"+.:,+,O$3B"$/.A1,/2"(*$";6$"&)
."6+.11$'"'.3,&.-(,J,(4"3&6$D"@./4"+&3$'/"646($+6".;(&+.(,-.114"-&/(&;'"(&"(*$"%.(,$/(i6"A&34D"!--&'3,/214B",(
,6",+%&'(./("(&"%&6,(,&/"(*$"%.(,$/("6;-*"(*.("/&"$:('./$&;6"+.($',.1">,11",/-'$.6$"(*$"%.(,$/(_(&_3$($-(&'
3,6(./-$"a$D2DB"$:-$66"A1./7$(6B"%.(,$/(i6".'+6B"./3"6&"&/bD

PD"U($'.(,J$",+.2$"'$-&/6(';-(,&/ D"U($'.(,J$"'$-&/6(';-(,&/"($-*/,\;$6"-./",+%'&J$",+.2$"\;.1,(4")'&+"."2,J$/
3.(.6$(D"U($'.(,J$"'$-&/6(';-(,&/"-.%.A,1,(,$6".'$",/-&'%&'.($3",/(&"-;''$/("M=905"./3"=95"646($+6D"5*;6B
J,'(;.114".11"M=905"./3"=95".-\;,6,(,&/6"6*&;13"A$"'$-&/6(';-($3">,(*"./",($'.(,J$"($-*/,\;$"A$-.;6$B
-&+%.'$3">,(*"c1($'$3"A.-7"%'&Y$-(,&/B",($'.(,J$"($-*/,\;$",+%'&J$6",+.2$"\;.1,(4")&'"."2,J$/"'.3,.(,&/"3&6$D
5*$"6%$-,c-"'$-&/6(';-(,&/"%.'.+$($'6"-./"6,2/,c-./(14".1($'"(*$",+.2$"6+&&(*,/2X/&,6$"-*.'.-($',6(,-6B"./3
6&"(*$6$"%.'.+$($'6"-./"A$".3Y;6($3"(&"(*$"%'$)$'$/-$6"&)"(*$"'$.3$'B">,(*",/%;(")'&+"(*$"+./;).-(;'$'"./3
+$3,-.1"%*46,-,6(D

ZD"!(($/;.(,&/"-&''$-(,&/":_'.4"3&6$D "5*$":_'.4"3&6$"$+%1&4$3")&'".(($/;.(,&/"-&''$-(,&/".336"(&"(*$"$:%&6;'$
)'&+"(*$"'.3,&/;-1,3$"('.-$'D"?*,1$".(($/;.(,&/"-&''$-(,&/",6",+%&'(./("(&",+%'&J$"3,.2/&6(,-".--;'.-4B",(",6
,+%&'(./("(&"+,/,+,O$"(*$"+.2/,(;3$"&)"(*$".33,(,&/.1"'.3,.(,&/"$:%&6;'$D"!(($/;.(,&/"-&''$-(,&/_-.%.A1$
6-.//$'6";(,1,O$"$,(*$'"'&3_6&;'-$"&'"05_6&;'-$"'.3,.(,&/D"#&3_6&;'-$",6",/(',/6,-.114"1&>"3&6$"a(4%,-.114"tR"+MJ
./3"*.6"A$$/"'$%&'($3"(&"A$".6"1&>".6"QDQ["+MJl6;A6(./(,.114"1$66"(*./"(*$"'.3,&/;-1,3$"('.-$'"3&6$bD"05_
6&;'-$B"&/"(*$"&(*$'"*./3B"-./"A$"*,2*14"J.',.A1$"./3"6;A6(./(,.114"2'$.($'"3$%$/3,/2"&/"(*$"05".-\;,6,(,&/
%'&(&-&1"$+%1&4$3D"0&/6$\;$/(14B",)"."6-.//$'";(,1,O$6"."05"6-./")&'".(($/;.(,&/"-&''$-(,&/B"&%$'.(&'6"6*&;13
$/6;'$"(*.("(*$".-\;,6,(,&/"%'&(&-&1"2$/$'.114"$+%1&46"(*$"1&>$6("3&6$".J.,1.A1$"S#"YT#"`UD

7.4.5 Procedures and Practices to Protect Occupationally Exposed Healthcare Workers in Nuclear Cardiology
Facilities
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7.4.6 Summary Checklist of Dose-Sparing Practices for Nuclear Cardiology
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7.5 Summary of Dose Minimization Strategies in X-Ray Fluoroscopy, X-Ray CT, and
Cardiovascular Nuclear Scintigraphy
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8.1 General Principles
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8.1.1 Regulatory Authority
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8.1.2 Professional Society Guideline and Position Statements
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8.2 X-Ray Fluoroscopy
8.2.1 Physician Responsibilities
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8.2.2 Operator Training/Education Recommendations and Requirements
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8.3 X-Ray CT
8.3.1 Physician Responsibilities
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8.3.2 Society-Developed Operator Training/Education Requirements
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8.4 Nuclear Cardiology Techniques
8.4.1 Physician Responsibilities
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8.4.2 Summary of Current Regulatory Requirements
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8.4.2.1 Authorization to Prescribe Radiopharmaceuticals
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8.4.3 Operator Training/Education Requirements
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9.1 Introduction and General Principles
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9.2 X-Ray Fluoroscopy
9.2.1 X-Ray Fluoroscopy Regulatory Issues and Societal Policy Statements
0;''$/(14B"3&6$"-.1,A'.(,&/")&'":_'.4"d;&'&6-&%,-";/,(6",6"1.'2$14".("(*$"3,6-'$(,&/"&)"(*$"$\;,%+$/("+./;).-(;'$'D
M(.(;(&'4"'$2;1.(,&/"&)"%$'+,66,A1$"3&6$"'./2$6",6"6%.'6$D"5*$"8<!"2&J$'/6"(*$"+.:,+;+"%$'+,66,A1$"d;&'&6-&%,-
3&6$".("(*$",/($'J$/(,&/.1"'$)$'$/-$"%&,/(".("SS"+I4X+,/",/"6(./3.'3"d;&'&6-&%4"+&3$"./3"%$'+,(6"."*,2*_3&6$
d;&'&6-&%4"+&3$"&)"ReW"+I4X+,/")&'"1,+,($3";6$";/3$'"6%$-,.1"-,'-;+6(./-$6" S#![UD

5*$"!00"*.6"%'$J,&;614"%;A1,6*$3"'$-&++$/3.(,&/6")&'"\;.1,(4".66;'./-$",/"-.'3,.-"-.(*$($',O.(,&/"1.A&'.(&',$6D
5*$6$"'$-&++$/3.(,&/6".33'$66"'.3,.(,&/"6.)$(4",/":_'.4"d;&'&6-&%4" S#V"UD

9.2.2 X-Ray Fluoroscopic Radiological Equipment Quality and Calibration
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9.2.3 X-Ray Fluoroscopic Imaging Protocol Selection Practices
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9.2.4 X-Ray Fluoroscopic Operator and Personnel Conduct
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9.2.5 X-Ray Fluoroscopic Patient Radiation Exposure Monitoring
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9.2.6 Effectiveness of Programs to Minimize Patient Radiation Exposure in X-Ray Fluoroscopy
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9.3 X-Ray CT
9.3.1 X-Ray CT Regulatory Issues and Societal Position Statements
9.3.1.1 Governmental Regulation
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9.3.1.2 Societal Standards
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9.3.2 X-Ray CT Equipment Quality and Calibration
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.%%'&%',.($")&'"./"$:.+,/.(,&/i6",+.2,/2"%;'%&6$" S$VT#V`UD"=$',&3,-"6;'J$46"&)"$\;,%+$/("%$')&'+./-$".'$



,+%&'(./(B".6":_'.4"05";/,(6"-./"3',)("&;("&)"-.1,A'.(,&/">,(*&;("'$.3,14"/&(,-$.A1$"-*./2$6",/",+.2,/2"%$')&'+./-$D
=$')&'+./-$"$J.1;.(,&/"./3"\;.1,(4"-&/('&1"+.4"'$J$.1"3$J,.(,&/6",/"$,(*$'"'.3,.(,&/"&;(%;("&'",+.2,/2"%$')&'+./-$
a&'"A&(*b"S$VUD

0&+%&/$/(6"&)"'$2;1.'"a.("1$.6(".//;.1b"%$')&'+./-$"+&/,(&',/2".6"%.'("&)"."\;.1,(4".66;'./-$"%'&2'.+",/-1;3$"(*$
)&11&>,/2"'.3,.(,&/"&;(%;("-*.'.-($',6(,-6",++$3,.($14"%$'(,/$/("(&"'.3,.(,&/"3&6$V

RD"#.3,.(,&/"A$.+">,3(*"a-&11,+.(,&/bD

PD"#$-&/6(';-($3",+.2$"(*,-7/$66D

ZD"@$.6;'$+$/("&)"'.3,.(,&/"&;(%;("a05<U "&'"(*$"$\;,J.1$/(b")&'"'$%'$6$/(.(,J$"$:.+,/.(,&/6D

[D"96(,+.($6"&)"%.(,$/("'.3,.(,&/"3&6$")&'"'$%'$6$/(.(,J$"$:.+,/.(,&/6D

@$.6;'$3"6-.//$'"&;(%;("./3"%.(,$/("3&6$"6*&;13"A$"-&+%.'$3">,(*"(*$"J.1;$6"'$%&'($3"A4"(*$"6-.//$'"-&/6&1$"./3
>,(*"(*$".%%'&%',.($"2;,3$1,/$6B"'$-&++$/3.(,&/6B"&'"'$)$'$/-$"1$J$16"a,)".J.,1.A1$b"S#V`UD

9.-*").-,1,(4B",/".--&'3./-$">,(*"/.(,&/.1"./3"6(.($"'$2;1.(&'4".2$/-,$6B"-./"3$-,3$"(&"-&/3;-(".33,(,&/.1B"+&'$
)'$\;$/(14"%$')&'+$3"'&;(,/$"($6(,/2"&)".33,(,&/.1",+.2,/2"%$')&'+./-$"-*.'.-($',6(,-6D"!"-&/(,/;&;6"\;.1,(4
.66;'./-$"%'&2'.+"6*&;13"$J.1;.($".("1$.6(V

RD"05"/;+A$'".--;'.-4"a.J$'.2$"./3"6(./3.'3"3$J,.(,&/"&)">.($'bD

PD"U+.2$"/&,6$"./3"c$13";/,)&'+,(4D

ZD"U+.2$".'(,).-(6D

[D"5*$".-\;,6,(,&/">&'76(.(,&/" S[$UD

f;.1,(4".66;'./-$"($6(,/2"+.4"+.7$";6$"&)"."%*./(&+"6;-*".6"(*.("3$J$1&%$3"A4"(*$"!0#" S#V$UB">*,-*",6"3$6,2/$3"(&
+$.6;'$"05"/;+A$'".--;'.-4B"61,-$"(*,-7/$66B"1&>"-&/('.6("'$6&1;(,&/B"05"/;+A$'";/,)&'+,(4B"./3"*,2*"-&/('.6(
'$6&1;(,&/D

U)"%$')&'+./-$"$J.1;.(,&/"&'"\;.1,(4".66;'./-$"6*&>"(*.("(*$"+$.6;'$3"J.1;$6")&'"./4"&)"(*$6$"%.'.+$($'6").11
&;(6,3$"(*$"$6(.A1,6*$3"(&1$'./-$6B".%%'&%',.($",/J$6(,2.(,J$"&'"-&''$-(,J$".-(,&/6"6*&;13"A$";/3$'(.7$/D"M;-*
.-(,&/6"+.4",/-1;3$"."6$'J,-$"'$\;$6("A4"."c$13"$/2,/$$'B"(4%,-.114")'&+"(*$"6-.//$'"+./;).-(;'$'D"5*$"+$3,-.1
%*46,-,6("6*&;13"$J.1;.($",/"."(,+$14").6*,&/"(*$"/$$3")&'"'$%$.("%$')&'+./-$"($6(,/2".)($'"."+.Y&'"-&+%&/$/("&)".
05"6-.//$'"*.6"A$$/"'$%.,'$3"&'"'$%1.-$3" S#V`UD

9.3.3 X-Ray CT Imaging Protocol Selection
!3&%(,&/"&)"./3".3*$'$/-$"(&"6(./3.'3,O$3",+.2,/2"%'&(&-&16")&'"6(./3.'3",+.2,/2"-,'-;+6(./-$6",6",+%&'(./(")&'
-&/6,6($/-4B"%.'(,-;1.'14">,(*"05!",+.2,/2D"I;,3./-$")&'",+.2,/2"%'&(&-&16"*.6"A$$/"%'&%&6$3"A4"$:%$'("-&/6$/6;6
(&"3$',J$"(*$"+.:,+;+"3,.2/&6(,-"4,$13">,(*"(*$"+,/,+;+"'.3,.(,&/"$:%&6;'$" S$VUD"!1(*&;2*"(*$"6%$-,c-",+.2,/2
%'&(&-&1"6*&;13"A$"(.,1&'$3"(&"(*$",/3,J,3;.1"%.(,$/("./3"(*$"2&.16"&)"(*$",+.2,/2"6(;34B"%.(,$/("$:%&6;'$"-./"A$
+,/,+,O$3"A4"$+%1&4,/2"A$6("%'.-(,-$6"./3".3*$',/2"(&"6(./3.'3,O$3"%'&(&-&16">*$/$J$'"%&66,A1$D"!"'$6$.'-*
-&11.A&'.(,J$"&)"R`"*&6%,(.1",+.2,/2"-$/($'6",/"@,-*,2./";/3$'(&&7"./",/,(,.(,J$"(&"'$3;-$"(*$"'.3,.(,&/"3&6$",/
-.'3,.-"05!"6-.//,/2D"!"A$6(_%'.-(,-$"+&3$1">,(*"%*46,-,./"./3"($-*/&1&2,6("$3;-.(,&/">.6"$+%1&4$3"(&"%'&+&($
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-&/6,6($/(".%%1,-.(,&/"&)"3&6.2$"'$3;-(,&/"($-*/,\;$6D"!6"."'$6;1("&)"(*,6",/,(,.(,J$B"%.(,$/(6i"+$3,./"'.3,.(,&/"3&6$
3$-'$.6$3"A4"`Zm">,(*&;("-*./2$",/",+.2$"\;.1,(4D"U(">.6"-&/-1;3$3"(*.("(&".-*,$J$"./3"(*$/"+.,/(.,/"(*,6"%&6,(,J$
-*./2$B"&/2&,/2"'.3,.(,&/"3&6$"+&/,(&',/2"./3"'$J,$>">&;13"A$"/$$3$3" S##$UD

9.3.4 X-Ray CT Patient Radiation Exposure Monitoring
0;''$/(14B".("."/.(,&/.1"1$J$1B",(",6"/&("'&;(,/$"%'.-(,-$"(&"+&/,(&'"./3"(.A;1.($"(*$"'.3,.(,&/"3&6$"'$-$,J$3"3;',/2
,/3,J,3;.1"05"6-./6D"E&>$J$'B"('$/36".'$"$+$'2,/2".("(*$"1$J$1"&)",/3,J,3;.1"6(.($6"(&>.'3"+&'$"',2&'&;6".66$66+$/(D
M,/-$"PQRPB"0.1,)&'/,."'$\;,'$6"(*.("$,(*$'"05<U "&'"<H=".6"3,6%1.4$3"&/"(*$"6-.//$'"-&/6&1$"A$",/-1;3$3",/"$J$'4
'.3,&1&24"'$%&'(D"G$2,//,/2",/"PQRWB"(*$"C&,/("0&++,66,&/i6"/$>"3,.2/&6(,-",+.2,/2"6(./3.'36".16&"'$\;,'$3
3&-;+$/(.(,&/"&)"05"3&6$",/"."'$(',$J.A1$")&'+.(")&'"$J$'4"%.(,$/("$:.+,/.(,&/" S#V[UD

9.4 Nuclear Cardiology
9.4.1 Nuclear Cardiology Regulatory Issues
9.4.1.1 Governmental Regulation
L;-1$.'",+.2,/2").-,1,(,$6B"A$-.;6$"(*$4"*./31$"'.3,&.-(,J$"+.($',.1B".'$"6;AY$-("(&"6(.(;(&'4"'$2;1.(,&/"A4"."J.',$(4"&)
2&J$'/+$/(.1"A&3,$6D"5*$6$",/-1;3$"(*$"L;-1$.'"#$2;1.(&'4"0&++,66,&/B"(*$"8<!B"(*$"<$%.'(+$/("&)"5'./6%&'(.(,&/B
./3"(*$"<$%.'(+$/("&)"E&+$1./3"M$-;',(4D"!33,(,&/.1"'$2;1.(,&/".16&",6"%'&J,3$3"A4"6(.($"./3"+;/,-,%.1"3$%.'(+$/(6
&)"*$.1(*D

5*$6$"'$2;1.(,&/6B">*,-*".'$"$:($/6,J$B"2&J$'/"(*$"*./31,/2B"6(&'.2$B"./3".3+,/,6('.(,&/"&)"'.3,&.-(,J$"+.($',.16D
!33,(,&/.114B"'$2;1.(,&/6"2&J$'/"(*$"3$6,2/"&)").-,1,(,$6"(&"$/6;'$".%%'&%',.($"'.3,&.-(,J$"+.($',.1"6(&'.2$"./3
*./31,/2".6">$11".6"6*,$13,/2".%%'&%',.($")&'"(*$"'.3,&/;-1,3$6"(&"A$";6$3",/".").-,1,(4D"#$2;1.(,&/6".16&"2&J$'/
'.3,.(,&/"6;'J$,11./-$"%'&-$3;'$6",/-1;3,/2"'$\;,'$+$/(6")&'"'.3,.(,&/"3$($-(,/2"./3"+$.6;',/2"$\;,%+$/(D

9.4.1.2 Societal and Industrial Standards and Guidelines
5*$"L.(,&/.1"91$-(',-.1"@./;).-(;'$'i6"!66&-,.(,&/"%'&J,3$6"2;,3./-$"&/".--$%(./-$"($6(,/2",/-1;3,/2"3$c/$3
+$(',-6"&)"$\;,%+$/("%$')&'+./-$"A&(*")&'"M=905"./3"=95"646($+6D"5*$"!+$',-./"!66&-,.(,&/"&)"=*46,-,6(6",/
@$3,-,/$".336".33,(,&/.1"'$-&++$/3$3"M=905"./3"=95".--$%(./-$"($6(,/2"%'&-$3;'$6D

H.A&'.(&'4".--'$3,(.(,&/".2$/-,$6B"6;-*".6"(*$"!0#"./3"(*$"U/($'6&-,$(.1"!--'$3,(.(,&/"0&++,66,&/B".16&"%'&J,3$
2;,3./-$"3&-;+$/(6"(*.("3$(.,1"(*$"'$\;,'$3"6%$-,c-"($6(6")&'"6%$-,c-",/6(';+$/(.(,&/"./3"%'&-$3;'$6"./3"(*$
'$-&'36"(*.("+;6("A$"7$%("./3".J.,1.A1$")&'",/6%$-(,&/D"U/".33,(,&/.1B"5*$"C&,/("0&++,66,&/"+.4"'$\;,'$"'$J,$>"&)"./4
3&-;+$/(6"'$1.(,/2"(&"%.(,$/("-.'$B",/-1;3,/2"2.++."-.+$'."./3"=95"\;.1,(4".66;'./-$"'$-&'36" S#W"g#WXUD

9.4.2 Nuclear Scintigraphy Equipment Quality and Calibration
M=905"./3"=95"6-.//$'6"-./"3',)("&;("&)"-.1,A'.(,&/">,(*&;("-1$.'14"$J,3$/("-*./2$6",/"-1,/,-.1",+.2$6D"5*;6B",(",6
$66$/(,.1"(*.("(*$6$",/6(';+$/(6i"%$')&'+./-$"A$"6;'J$4$3"'$2;1.'14D"0&+%'$*$/6,J$"\;.1,(4".66;'./-$"%'&2'.+6
-&J$'"+./4"3,))$'$/(".6%$-(6"&)"/;-1$.'",+.2,/2D"M%$-,c-"+$.6;'$+$/(6".'$"'$-&++$/3$3"&/"."3.,14B">$$714B"./3
\;.'($'14"A.6,6D"U/"+&6(").-,1,(,$6B"-.1,A'.(,&/"./3"\;.1,(4"-&/('&1",6"-&/3;-($3">,(*".66,6(./-$"&)"."+$3,-.1"%*46,-,6(
./3X&'"J$/3&'"6$'J,-$D"M&+$".--'$3,(.(,&/"-',($',.B")&'"$:.+%1$"!0#".--'$3,(.(,&/B"'$\;,'$"&J$'6,2*("A4"."-$'(,c$3
+$3,-.1"%*46,-,6(D

!1(*&;2*"&13$'"646($+6"'$\;,'$3"6,2/,c-./(";6$'",/J&1J$+$/(")&'"\;.1,(4"-&/('&1"./3"-.1,A'.(,&/B"+&6("+&3$'/
=95X05"646($+6"./3"./",/-'$.6,/2")'.-(,&/"&)"-;''$/("M=905"./3"M=905X05"646($+6"*.J$"A;,1(_,/".;(&+.($3"3.,14
\;.1,(4"-&/('&1"%'&-$3;'$6D"?,(*"(*$6$"646($+6B".11"(*.(",6"'$\;,'$3"&)"(*$";6$'",6"(&"%1.-$"."6$.1$3"6&;'-$"%*./(&+",/
(*$".%%'&%',.($"1&-.(,&/"./3"1.;/-*"(*$"%'&-$66"a6&+$"646($+6"$J$/",/-1;3$"."\;.1,(4"-&/('&1"6&;'-$"(*.(
.;(&+.(,-.114"+&J$6",/(&"(*$"c$13"&)"J,$>bD"5*$".-\;,6,(,&/"./3"3.(."./.146,6",6".;(&+.(,-"./3"4,$136"$,(*$'"."%.66,/2
&'").,1,/2"'$6;1(D"5*$6$"%'&-$66$6"*.J$"A$-&+$"6&"6,+%1,c$3"(*.("(*$'$",6"/&"J.1,3"$:-;6$")&'"/&("%$')&'+,/2"\;.1,(4
-&/('&1"./3"-.1,A'.(,&/"-*$-76".6"%'$6-',A$3"A4"(*$"+./;).-(;'$'D

J&1



!1(*&;2*";/,)&'+,(4",6",+%&'(./(")&'"%1./.'",+.2,/2B",(",6"%.'(,-;1.'14",+%&'(./(")&'"M=905".6"./4"/&/;/,)&'+,(,$6">,11
A$"%'&%.2.($3"./3"+.2/,c$3"A4"M=905",+.2$"'$-&/6(';-(,&/".12&',(*+6D"M=905"\;.1,(4"-&/('&1"+;6(".16&",/-1;3$
J$',c-.(,&/"&)"(*$"-$/($'"&)"'&(.(,&/D

9.4.2.1 Conventional Gamma Cameras
I.++."-.+$'.6B",/-1;3,/2"(*&6$";6$3"(&".-\;,'$"M=905"3.(."6*&;13"*.J$"3.,14"%$')&'+./-$".66$66+$/(6D"5*,6
,/-1;3$6"j%$.7,/2k"3$($-(&'6"(&"J$',)4".--;'.-4"&)"(*$"%*&(&/"$/$'24">,/3&>"./3"&A(.,/,/2";/,)&'+"d&&3"c$136"(&
J$',)4";/,)&'+"'$6%&/6,J$/$66"&J$'"(*$",+.2,/2"c$13D"U3$.114B"."6-.//$'"6*&;13"A$"'$_%$.7$3"Y;6("%',&'"(&"$.-*"3.(.
.-\;,6,(,&/D"?$$714"($6(6",/-1;3$"-$/($'"&)"'&(.(,&/B"A.'"%*./(&+",+.2,/2"(&"J$',)4"6%.(,.1"'$6&1;(,&/B"./3"*,2*"-&;/(
d&&3".-\;,6,(,&/D"f;.'($'14"\;.1,(4".66;'./-$"($6(6",/-1;3$"$J.1;.(,&/"&)"(&+&2'.+6".-\;,'$3"./3"'$-&/6(';-($3
;6,/2"6(./3.'3,O$3"+;1(,%;'%&6$"%*./(&+6"&)"=1$:,21.66"./3"'.3,&.-(,J$">.($'B">*,-*"(4%,-.114",/-1;3$"6%*$'$6"./3
'&3"6$-(,&/6"&)"J.',&;6"6,O$6B")'&+">*,-*",+.2$"-&/('.6(B"6%.(,.1"'$6&1;(,&/B"./3"c$13";/,)&'+,(4".'$"\;./(,c$3D
#$-&/6(';-(,&/"&)"."%&,/("6&;'-$",6";6$3"\;.'($'14"(&"J$',)4"-&/6,6($/-4"&)"(&+&2'.%*,-"6%.(,.1"'$6&1;(,&/D"8&'"M=905
-.+$'.6"(*.(";6$"('./61.(,/2"'.3,&.-(,J$"'&3"6&;'-$6")&'".(($/;.(,&/"-&''$-(,&/B"3.,14"1&>_-&;/("d&&36"./3">$$714
*,2*_-&;/("d&&36".'$"'$\;,'$3D

9.4.2.2 PET Systems
<.,14"\;.1,(4"-&/('&1",/J&1J$6"($6(,/2".11"&)"(*$"3$($-(&'"+&3;1$6"A4".-\;,',/2"."A1./7"6-./"&'"%*./(&+"6-./D
M$/6,(,J,(4"6*&;13"A$"\;./(,c$3">$$714"A4"-'&66"'$)$'$/-,/2"(&"3&6$"-.1,A'.(&'"'$.3,/26B"./3".("1$.6(".//;.1"($6(,/2
6*&;13"A$"%$')&'+$3"&)".--;'.-4B"6-.(($'")'.-(,&/B"./3".(($/;.(,&/"-&''$-(,&/".--;'.-4D"f;.'($'14"+$.6;'$+$/(6
(4%,-.114".'$"%$')&'+$3"&)"6(./3.'3,O$3"+;1(,%;'%&6$"%*./(&+6"&)"=1$:,21.66"./3"'.3,&.-(,J$">.($'B">*,-*"(4%,-.114
,/-1;3$"'$c11.A1$"-41,/3$'",/6$'(6"./3"'&3"6$-(,&/6"&)"J.',&;6"6,O$6B")'&+">*,-*"6(./3.'3";%(.7$"J.1;$B"6%.(,.1
'$6&1;(,&/B"./3"c$13";/,)&'+,(4".'$"\;./(,c$3D

9.4.2.3 CT Component of SPECT/CT and PET/CT Units
!33,(,&/.1"-&/6,3$'.(,&/6"+;6("A$"2,J$/"(&"$\;,%+$/("\;.1,(4".66;'./-$"./3"'.3,.(,&/",66;$6"'$1.($3"(&"(*$"05
-&+%&/$/("&)"M=905X05"./3"=95X05",+.2,/2D"8&'"(*$"05"-&+%&/$/(B"3.,14"(;A$">.'+_;%"./3".,'"-.1,A'.(,&/"-*$-76
.'$"'$-&++$/3$3B"./3">$$714"&'"+&/(*14">.($'"%*./(&+"-*$-76"&)"61,-$"(*,-7/$66B".--;'.-4B"./3"%&6,(,&/,/2D
!%%'&%',.($"'$2,6('.(,&/"A$(>$$/"M=905"./3"05"&'"=95"./3"05"('./6.:,.1",+.2$6".'$"J$',c$3".1&/2">,(*".(($/;.(,&/
-&''$-(,&/".--;'.-4".("1$.6("\;.'($'14B",)"/&("+&'$")'$\;$/(14D

!("."+,/,+;+B"."3.,14";/,)&'+,(4"d&&3"+;6("A$".-\;,'$3"(&"J$',)4"(*.("-&;/(".-\;,6,(,&/",6";/,)&'+D"M%.(,.1"'$6&1;(,&/
6*&;13"A$".66$66$3">$$714"A4",+.2,/2"."A.'"%*./(&+D"U(",6"%.'(,-;1.'14"-',(,-.1"(*.("(*$"%1.//$3"+.,/($/./-$",/-1;3$6
%*&(&%$.7"-.1,A'.(,&/")&'".11",6&(&%$6"$+%1&4$3"A4"(*$").-,1,(4D

9.4.3 Nuclear Scintigraphy Attenuation Correction Equipment Quality and Calibration
!(($/;.(,&/"-&''$-(,&/"2'$.(14",+%'&J$6"3,.2/&6(,-".--;'.-4"./3",6"./"$:('$+$14"J.1;.A1$".3Y;/-("(&"-&/J$/(,&/.1
M=905"./3"=95",+.2,/2D"U("%'&J,3$6"(*$"%&($/(,.1"(&"'$+&J$".(($/;.(,&/_'$1.($3".'(,).-(6"./3X&'"%$'+,(
\;./(,c-.(,&/D"E&>$J$'B".(($/;.(,&/"-&''$-(,&/".336"."('./6+,66,&/"6-./",+.2,/2"%'&-$3;'$"(&"(*$"/;-1$.'
.-\;,6,(,&/">,(*"(*$"%&($/(,.1"(&".33",+%&'(./(14"(&"(*$"(&(.1"%.(,$/("'.3,.(,&/"3&6$D"<,))$'$/("('./6+,66,&/"6-.//,/2
%'&(&-&16",/J&1J$"3,))$'$/(",/-'$+$/(.1"$:%&6;'$6D"U(",6",+%&'(./("(&"6$1$-("(*$"%'&(&-&1"(*.("-.;6$6"(*$"6+.11$6(
%.(,$/("$:%&6;'$D

9.4.4 Nuclear Cardiology Patient Radiation Exposure Monitoring
!6"3,6-;66$3",/"(*$"%'$J,&;6"($:(B"(*$"%.(,$/("3&6$")'&+"/;-1$.'"6(;3,$6"3$',J$6")'&+"(*$"'.3,&%*.'+.-$;(,-.1"3&6$
-&+A,/$3">,(*"(*$"3&6$")'&+"./4"-&.-\;,'$3"('./6+,66,&/"6-./D"8&'"6(;3,$6"(*.(",/-1;3$"."'&3"6&;'-$"('./6+,66,&/
6-./B"(*,6",6"2$/$'.114"/$21,2,A1$D"8&'"6(;3,$6",/-1;3,/2"."05B"(*$"05"3&6$",3$.114"6*&;13"A$"+&/,(&'$3",/"(*$"6.+$
+.//$'".6"3&6$6")&'"6(./3.1&/$"3,.2/&6(,-"05"6(;3,$6"a.1A$,(">,(*"3,))$'$/("(.'2$(6bD"8&'"(*$"'.3,&%*.'+.-$;(,-.1
3&6$B",/3,J,3;.1"%.(,$/("+&/,(&',/2"./3"+$.6;'$+$/(6".'$"/&("%$')&'+$3D"U/"1,$;"&)"(*,6B"$.-*"3$%.'(+$/("6*&;13
'$J,$>B".("1$.6("&/"./".//;.1"A.6,6B"(*$,'"%'&-$3;'$"+./;.1"./3"%'$6-',A$3"'.3,&%*.'+.-$;(,-.1"3&6$6D"5*$"'$J,$>
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9.4.5 Nuclear Cardiology Clinical Personnel Exposure Protection and Monitoring
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10.1 Requirements for Dose Monitoring and Tracking
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10.2 Program-Level Dose Monitoring and Tracking
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10.3 Patient-Level Dose Monitoring and Tracking
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11.1 The Issue
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11.1.1 Patient Participation in Clinical Imaging Decisions
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11.2 Clinical Value of Radiation-Based Imaging Studies and Radiation-Guided Therapeutic
Procedures
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11.3 Individual Patient Risk and Population Impact (Including Occupationally Exposed
Workers)
@$3,-.1"'.3,.(,&/"-./-$'"',67"*.6"P"%&($/(,.1",+%.-(6V"."-.($2&',-.1"$))$-("&/"(*$"$:%&6$3",/3,J,3;.1B"./3"./
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)'$\;$/-4"./3"(*$"-&+%.'.(,J$14"6+.11"+.2/,(;3$"&)".--;+;1.($3"+$3,-.1"$:%&6;'$6D"L&/$(*$1$66B"/&>"(*.("(*$
]DMD"%&%;1.(,&/i6".22'$2.($"+$3,-.1"'.3,.(,&/"$:%&6;'$",6"2'$.($'"(*./"A.-72'&;/3B"(*$'$",6"'$.6&/")&'"-&/-$'/"(*.(
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11.4 The ALARA Principle
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11.5 The Potential to Minimize Exposure to Patients and Personnel
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11.5.1 Imaging Modality Choice
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11.5.2 Procedure Conduct Choice
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11.5.3 Protecting Occupationally Exposed Workers
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$:%&6;'$"(*'&;2*"6(./3.'3"%'&($-(,J$"%'.-(,-$6D

11.6 Physician Responsibilities to Minimize Patient Exposure
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11.6.1 Case Selection
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11.6.2 Procedure Conduct
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11.6.3 Facility Management
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11.6.4 Imaging Equipment Renovation and Replacement
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11.7 Patient Radiation Dose Tracking
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11.8 Need for Quality Assurance and Training
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