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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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'$6%&/6$6B"./3".%%'&J$3"(*$"3&-;+$/(",/'L&I$+AS"PQReD"5*$"ES. ("#*4(*+"M&-, $(4"aE#MbDB"L&' (*"1+$',-./"M&-,$(4
)&"0.'3,&J.6-;1."U+.2,/2"aLIMOUbB"M&-,$(4")&™0.'3,&J.6-;1."1/2,&2".%*4"./3"U/($'I$/(,&/6"aMO!UbB"./3"M&-,$(4"&)
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2.1 Document Purpose
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2.2 The Radiation Safety Issue
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2.3 The Need for Physician Radiation Safety Education
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2.4 Appropriateness of Medical Radiation
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3.1 Trends in Patient and Medical Personnel Radiation Exposure
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4$.")&">* - *"-&+%,1$3"3.(.".'$".J., 1. A1$D"a5*$"L.(,&/.1"0&:/-, 1"&/"#.3,.(,&/"='&($-(,&/",6"-;"$/(14"-&+%,1,/2
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((A1$6,3$"'&%$'.(&'6B". 1(*&;2*"/;-1$."-.'3,&18&24" ($-*/&1&2,6(6">*&"*.131$™.3,&.-(,J$"+.($',.16"($/3"(&"A$"+&'S
* 214" $:%8&6$3D"<$($'+,/./(6"8)"1&I%*46,-,.I"$:%&6;'$" /-1;3$"(,+$"6%S/(" /" /" -(,I$"% ' &-$3;'$" &&+B"1&-.(,&/" /
(*$"%'&-$3;'$"&&+"3:' /2" .-(,J$"%'&-$3;' $6B"./3"$:9%68&6;'$"*./31,/2".3,&.-(,J$"+.($',. 16D"5*$'$".'$"/&"3. (."(*.(

' o($,08"(*$"(&(.1":+AS"8)"$:%&6$3">& 7$'6" & (*$, "$:%6&6:'$"].1:$6D

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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%:'%&6$B" (*$6$"+$(',-6"*.J$"6%S$-,c-"+$./,/26".6"3$c/$3" /" (*$")&11&>,/2"($: (V

1"0157832F(*$"\;./(,(4"&)™.3,.(,&/"(*.(",+%,/2$6"&/"."(,66;$D

I"&R753R2D%957RH"-&/-$/(.(,&/"&)"$/$'24"35%&6,($3"A4"™.3,.(,&/" I"."6%$-,c-"$:%&6$3"(,66:$D
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&)"['&)"(*$"%'$J,&;614"+$/(,&/$3",/($'_'$1.($3")".+$6"&)"$)$'$/-$V"$:%0&6;'$B". AG&'A$3"3&6$B"$\;,J. 1$/("3&6$B"./3
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16&"(*$"MJIB".6"3,6-,66$3",/"2'$.($"3$%(*" /M$-(,&/"[D D"5*$"MIB"1, 7$"(*$"14"&)" (*$". A6&'A$3"3&6$i6";/,(B",6"6%$-,C
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6"-&/-$/(".($3" /" (*$"A&3A"$2,&/"AS, 12" .+ /$3"./3"]." $6">, (*"3$%6(*") &+"(*$"AS.+"$/(./-$"%&' (D"8&" /;-1$."
+.2,/2B"3&6%",6"-&/-$/(.($3",/"(*$"(,66;$6" (*.("+&6(".J,314"(.7$":%"(*$"(.-$"&".'$" /I&1I$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.($"(*$"$))$-(,I$"3&6$
"MJIB"$.-*"$:96&6$3"(,66;$i6"$\;,J. 15/("3&6$",6"+:1(,%1,$3"A4" (6"(,66:$_>$,2*(,/2").-(&"4,$13,/2"(*.("(,66:$i6

&I A& (*$"8&I$ . 11" 67D"5*$"-&/( A (,&/6"(&",67") &+".11"$:%8&6$3"(,66:$6".'$"6;++$3B"4,$13,/2"(&(.1",6 7B
$:9'$66$3".6"(*$"$))$-(,J$"38&6$",/"MID"aE&>"(*$"$))$-(,J$"3&6$",6"-.1-;1.($3",6"3,6-:66$3",/"2'$.($" 3% (*"M$-(,&/
[D'bD

U(",6", +%&'(/("(&"1&($">,(*"$2.'3"(&"-*,13*&&3" /3"($$/.2$".3,.(,&/"$:%6&6;'$"(*.("(,66;$">$,2*(,/2").-(&'6"3&"/&(
(78" /(8" & (" (*$" /-'$.6$3"6$/6,(,J,(4"&)"(*$"(,66;$"&)" (*$"%$3,.(,-"%&%;1.(,&/D"5*;6B")&"-* 13'$/"./3
38&1$6-$/(6B"."2,%/".3,.(,&/"$:%8&6;'$"-&/)$'6"."2'5.($"",67"(*./"(*$"6.+$"$:%686'$">&;13"-&/)$" (&"./".3;1(
%8%:1.(,&/D"U/".33,(,&/B"-* 13'$/">*&"3&"1&("*.I$"1,)$" (*$.($/,/2"3,6&'3$'6"* J$"."1&/2"1,)$"$:%6$-(./-4B">* -+
%'&J,3$6"."1&/2$"%$',&3")&"".3,.(,& _,I3:-$3",11/$66"(&"%'$6$/8#VD

4.2 Challenges in Relating Radiation Exposure and Dose to Risk of Detrimental Effects
<$(,+$/(.1"$))$-(6"&)".3,.(,&/"$:%8&6;'$"(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 (,&/"&)" ./
S-("/"."%. (- 1."6;AYS-("(&"%",&™.3,.(,&/"$:%&6;'$D

4.3 Types of lonizing Radiation Used in Medical Imaging

#.3,.(,&"/"-.'3,8J.6-;1." +.2,/2"-&/6,6(6"&)"%*&(&/6">,(*"$/$'24"qRQ"7,1&$1$-('&/"I&1(6"aT$Fb"a:_".46"./3"2.++.
' 46b"./3"%&6,('&/6D"5*$"%*46,-.1"$))$-("&)"6;-*".3,.(,&/",6"(&"SY$-("$1$-(&/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$"&'
A($',/2",(6");/-(,&/D"5*,6",6"(*$"A.6,6")&" (*$"($'+",&/,0,/2" 3,.(,&/K"a3,6-;66$3",/"3$(.,1",/" M$-(,&/" bD

4.3.1 X-Rays and Gamma Rays

A AB".[3"2.4+." 46" " " "-1.66"&)",&/,0,/2".3,.(,&I6B">* " 6"("./6+,(($3"A4"%*&(&/6D"=*&(&/6"(".I$1".("(*$
6%$$3"&)"1,2*(B"./3"*.J$"/&"+.66"./3"/&"-*.'"2$D"5*$,"$1$-('&+.2/$(,-"$/$'24"./2$6") &+".")$>"$1$-('&/"I&1(6"a$Fb
(&"+,11,&/6"&)"$1$-('&/"I&1(6"a@$FbD"5*$"$/$'2,$6"-&++&/14"$+%1&4%$3",/"-.'3,&J.6-;1.",+.2,/2".'$" ($/6"(&"*;/3'$36
&)"7$FD



A A"&M2 ++."%*&(&/6"-.:63",&/,0.(,&/"A4"-&11,3,/2">,(*" /3"$Y $-(,/2"$1$-('&/6") &+" (& +6"&)"-&/6(,(;$/("(,66:$
+&1$-;1$6D"9/$'24" 6"$:-*./12$3" /" (*$"%'&-$66B">, (*"(*$"SY $-($3"$1$-('&/"2.,/,/2"$/$'24" &) "+&(,&/" 13" (*$"%*&(&/
186,/2"$/$'24D"5*$" /-, 3$/("%*&(&/"+.4"&"+.4"&("A$"$:(,12;,6*$3"A4" (*$" /($".-(,&/D")(S$" /" /,(,. 1" /(S .- (,&/">, (*

I (&+B"%*&(&/6" (*.(">$'S"1&("$:(,12;,6+$3"-&/(,/:$"(&"(.ISL" (¥ &:2*" (*$"$:%6&6$3"+$3,:+".("."3$2".3$3"$/$'24D
5*$">$.7$/$3"a6-.($'$3b"%*&(&/"-./"-&11,3$">,(*".33,(,&/. 1".(&+6"a);'(*$""$:%6&6,/2"(*$"6;AY $-(bB"%&($/(,.114",&/,0,/2
(*$+".6">$11B"/(,1"$,(*$". 11"8)",(6"$/$'24",6"3,66,%.($3"./3"(*$"%*&(&/"-$.6$6"(&"$:,6(B"&", ("$6-.%6$6") &+"(*$"6;AY S
a%$:%8&6,/2"(*$"$/J,'&/+$/(bD

A A46M6$3" /" A & '&6-&Y64" I3 4" 05" I$" ") U &(&/ SIS 24"6%$-(;+"AS(>$$/ZQ" /3"R[Q"TSF a(*$"$/$'24
6%$-(;+"8&)":_"46"2$/$".($3",/"(4%,-.1"3,.2/&6(,-":_"4"(;A$6" /-1;3$6"%*&(&/"$/$'2,$6"tZQ"TSFB"A; ("(*$"+.Y&',(4"&)
(*$6$"1&>$ $/$'24"%*&(&/6".'$"CL($'$3"&: (" /" (*$":_ 4" CAS"./3"3&"1&("$:%&6$" (*$"6;:AY$-(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,$6 D

511+ 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"&)",&/,0.(,&/D
0&/6%\;$/(14B"(*$4"*.J$"."I$'4"6*&' ("+$./")'$$"%.(*",/"(,66;$"&)"W"(&"e"++">,(*"."+.;,+;+"&)"R"DP"++D"=&6,('&/6
-&I($" (& -.;6%",&/,0.(,&/(,1"(*$,"$/$'24"3%$-'$.6$6"(&"."-,(,-.1"1$I$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
*.("(.I$1",/"&%%&6,($"3,'$-(,&/6D"GS-.;6$"(*$"$+,(($3"%*&(&/6"*.J$"6;-*"*,2*"$/$'24B" (*$4".'$"+,/,+.114" .(($/;.($3
1'(,66;$B"/3"(*$"+. Y&, (4"$.-*"(*$" +.2,/2"35($-(&D"#,A,3,;+_SP" 6" (*$"+&6("-&++&/14",6$3"%&6,('&/"$+,(($")&'
+4&-.'3,.1"%9%$");6,&/",+.2,/20"/,('&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"(&"35($-("+4&-.'3,.1"6."-&,3"./3"&(*$"",/d.++.(&'4
-&/3,(,&/6D

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

RIV'%&6;'$")&+"./"$:($/.1".3,.(.&/"A$.+"a;_".4"d;&'&6-8%4"./3";_".4"05b
P9 %&6;'$")'&+".3,&.-(,J$"3$-.4">, (* /"(*$"6:AY$-("a/:-1$."6-,/(,2".%*4bD

4.4.1 Exposure From External Beams

8&"$:($'.1".3,.(,&/"AS$.+6B"(*$". A6&'A$3"3&6%",6"35($'+,/$3"A4" (*$" (&(.1",/-,3B/("$:%&6;'$B" (*$"%'&%$' (,$6"&)"(*$
J-,38/(".3,.(,&/B"./3"(*$"I&1;+$"&)"(,66;$"$:%0&6$3D"9:%&6;'$") &+"./'$:($/.1"A$.+",6"+$.6,'$3">,(*"(*$

%."+$($" %.!/>"1*%D

L7+ 6" (5 6(./3.13",("&)"+$.6, 'S & 4"AS.+"$:%6&6; $D"KS'+.",6"./" - &/4+")&" ] > /$(,-" " 1$'24" 1$1$.6$3
I %% (', 1DK"KS'+.", 6" 1"$/$'24" [($/6,(4"+$.6:'$3" [}/ (6"&)"Y &; 1$6"&)"$/$'24"$1$.6$3"%$"7,1&2" . +"&)" AB&'A, /2
+.($',.1"aCX72bD"5*$"7$'+."/,("&)"+$.6.'$", 6" (*$"2".4"al4bB">* +"'$%'$6$/(6"R"Y & 1$"&)"$/$'24"$1$.6$3"%6$"7,1&2" +
&)".AB&'A,/2"+.($',.1D"5*$"+$( ,-"}.,"7$'+ k" 6":6$3" /"+$3,-.1":_'.4"d;&'&6-8%,-".%%1 -.(,&/6"A$-.;6$"(*$
+$.6;'$+$/(",6"+.35",6,/2".,".6"(*$". AB&'A,/2"+.($',.1"(*.(",6",&/,0$3"A4" (*$" /-, 38/("".3,.(,&/"A$.+D

4.4.1.1 Absorbed Dose in Tissue From an External Beam

16"3%6-',A$3",/" M$-(,&/"[DRB™.3,.(,&/".A6&'A$3"3&6$B".6"3,6(,/2;,6*$3")' &+"$.%&6;'$B",6"./"$/$'24" .&"&-."CT(*$
-&/-$/1(.(,&/"&)".3,.(,&/"$/$'24" .-(;.114"3$%&6,($3",/"(*$"$:%&6$3"(,66;$D"L&(".11™.3,.(,&"$/$'24" (*.(",+%,/2$6"&/".
(,66;3",6".A6&'A$3D"M&+$".3,.(,&a."J.",.A1$";./(,(4"3$%%/3,/2"&/"A&(*".3,.(,&/".13"(,66;%"-*.".-($',6(,-6b



%.66$6"(*'&;2*"(*$"(,66;$">,(*&: (" /($'.-(,/2">,(*",(B"3$%&6,(,/2"/&"$/$'24D"a5*,6") .- (,&/"&)"(*$".3,.(,&/",6">* (
2$/$'.($6"(*$".3,818&2,-.1" +.2$0D"IAG&'A$3"38&6S$",6".16&"./" /($/6,(4"+$.6;'$3" /"2" 4" al4DB">* *"$%'$6$/(6
35%&6,(,&/"8)"R"Y&: 1$"8)"$/$'24"%$"7, 182" +"&)",".3,.($3"(,66;$D

9:($'/.1"A%$.+"$/$'24"3%$%&6,(,&/",/"(,66;$",6"/1&(";/,)&'+D"* ".4".3,.(,&/",6".(($/;.($3".6",("%.66$6"(*'&;2*"(,66;$D
8&"3,.2/&6(,-":_".46B" ["+&6("(,66;$6B":_".4" /($/6,(4"35-'$.6$6"A4". %% '&: +.($14".").-(&"&)"P")&"$.-*""-+"&)"(,66;$
(*.(",("(.J$'6%6D"5*;6B"(,66;5"$:%6&6$3"(&"./"$:($1.1":_".4"A$.+B".6"&--;'6",/":_".4"d;&'&6-&%4"./3";_'.4"05B",6"/&(
$:96&6%3";/,)& +141(*$"3&6$"35-'$.6$6"$:%&/$/(,. 114">,(*"3$%(*") &+"(*$"AS$.+"$/("./-$"%&' (D"5*$" /-, 3$/("AS.+".,
7$'+.",6"."288&3"+$.6;'$"&)"386$".("(*$"A&34"6;").-$B"A; ("6 (';-(;'$6"3$$%$" (*./"(*$"A&34"6;").-$"$-$,J$"6+.11$'
3&6%$6D"5*;6B"(&"$6(,+.($"(*$"3&6%$"(&"."%."(,-;1."A&34"6(;-(;'$">,(*./"(*$"%.(*"&)".[":_4"AS.+"A;("$+&($") &+ (*$
AS$.+"$/('./-$"6,($B".3Y;6(+$/(6"*.J$"(&"AD"+.3%"(&".--&;/(") &' AS.+".AB&'A./-$D

4.4.1.2 Kerma-Area Product: Incorporating the Volume of Exposed Tissue in X-Ray Fluoroscopy
K$'+."a+$.6;'$3",/"l4b",6"."+%$.6;'$"&)"3&6$",/($/6,(4"aY &;1$6"&)"$/$'24"3$%&6,($3"%$"72"&)"(,66;$bD"5*$",67"&)
“3,.(&*.+" 6" B ($3" A& (&" (*$",/($/6,(4"&)" (*$™.3,.(,&/"3&6$"./3"(&"(*$"\; ./(,(4"&)"(,66;F"(*.(""$-$,I$6"(*$
3&6$D"a5*$"2'$.($"(*$"\;./(,(4"&)"(,66;%"(*.("$-$,J$6"."2,J$/"3&6$B"(*$"2'$.($"' (*$",6 7TDb"K$'+._.'$."%'&3;-("aK!=b",6
(*$"%'&3;-("&)"(*$"AS.+i6"7$'+."./3",(6"-'&66_6%-(,&/.1".'$.D"5*;6B"(*,6"%.".+$($".16&",/-&'%&".($6"(*$"I&1;+$"&)
(,66;%",".3,.($3D"5*,6"-&/-$%(",6"%.'(,-;1."14",+%&' (./(",/":_'.4"d;&'&6-&%4B".6",+.2,/2"c$13"6,0%$6"-./"J.'4
-&/6,3%".A14"1$.3,/2"(&"J$'4"3,))$'$/("K!=6")'&+"&/$"$:.+,/.(,&/"(&" . /1&(*$'D

4.4.1.3 Kerma-Length Product: Incorporating the Volume of Exposed Tissue in X-Ray CT
05"3%$1,J$'6™.3,.(,&"(&"."%.(,$/(",/"."+./1S"\;,($"3,)5'S/(") &+"(*.("&) "' &Y S$-(,&/.1",+.2,/2"&"'d;&'&6-8&%4D
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%'&Y$-(,&/.1"+.2,/2D"U/6($.3"&)"+$.6; /2" /"$/(".1-$"., " T$+."(&"(*$"%.(,$/(B"|3&6$K",6"+$.6;'$3"A4"-&/I$/(,&/".6
I T+ 16,38&)" M. -41,-"-41,/38",6$3"(&"6,+;1.($"."%.(,$/(D"5>&"6,0$6"&)"-41,/3$'6".'$",6$3V"ZP_" /3" RW_-+
3,+$($'6B"&)($/"$)$"$3"(&".6"A&34" /3"*$.3"%*./(&+6B"$6%$-(,J$14D"," 7$'+.",6"+$.6,'$3",/6,3$"(*$"%*./ (&+
16,/2".1",&/,0.(,&/"-* +A$" [ (*$"6*.%$"&)"."%$/-, 1"(*.(",6"%1.-$3",/6,3$". *&1$"(*.(",6". %% &%, .($14"3',11$3",/"(*$
%1.6(,-"%*./(&+D"5*,6"4,$136"(*$"3&6$"},/($/6,(4K"./. 1&28&;6"(&"(*$".," 7$'+."+$.6, $+$/(")&":_".4"d;&'&6-&%4D

5*G 0% /(&+".," TS +." 6"+;1(,%1,$3"A4"(*$" ;. 1"6-./ 1$/2(*"(&" /-& % &' .($"(*$"I&1;+$"&)"(,66;$",".3,.($3D"5*,6
+$(*83"2$/$".($6"."J." $(4"&)"3&6$"+$(,-6")&™:_".4"050"(*$6$".'$"3,6-:66$3",/"3$(.,1"/"  M$-(,&/"WD"8&"'$:.+%1$B"(*$
-8+06;($3"(8+82 %6*4"386$"/3$: 1, (A05<Y B",6"."+$.6,'$"&)"(*$"386$"351,I$'$3".18/2"."RQQ_++"6-/"1$/2(*D
0&+%;($3"(8:+&2'.%*4"386$",/3%: _ "a05<Y ">$,2%($3h".--&;/(6")&" (*$").-("(*.("+&'$"%$', %6*$'. 114" 1&-.($3"6(';-(;'$6B
>* 4G 1&65" (& (*$ A+ $/("/-$B"S-$,I$"1.' 25 3&6$6" (*./"3$$%$ 6 (;-(;'$6D

4.4.2 Exposure From Radionuclides
/1,7$"$:($/.1"A$.+"$:%&6;'$6B™.3,&/;-1,3$"$:%8&6;'$6"-&+$")'&+".3,&.-(,I$"3$-.4">, (*,/"(*$"6;AY$-(D"U//;-1$.!
-.'3,81824".%%1,-.(,&/6B".".3,&%*.'+.-$;(,-.1",6".3+,/,6($'$3"646($+,-.114"./3"3,6(,A;($6"(*'&;2*&; (" (*$"A&34D
<,6( A (&/"+.4"AS"%'B)B'B/(,.1"(&"%.'(,-1."(,66;$6"3$%$/3,/2"&/" (*$"%*.'+.-&1&2 - 1"%'&%$'($6"&)" (*$

' 3,8%*.'+.-$;(,-.1D"5*$"38&6$"3$1,J$'$3"A4" " 3,8&%*."+.-$;(,-. 1", 6"3B($'+,/$3"A4" (*$".-(,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,.(,&/"-*. .~($',6(,-6"%S$'+,("$6(,+.(,&/"&)".3,.(,&/"3&6$"3$1,I$'$3"(&"$.-*"&'2./"&'
(,66;$D"5*,6"+&3%1",6"3,6-;66$3",/"2'$.($"3%(.,1",/'M$-(,&/" VD

4.5 Estimating Effective Dose
5*$"-&/-$%("&)"$))$-(,J$"38&6$">.6")&'+;1.($3"(&"-'$.($"."+$(,-"(*.("$6(,+.($6"."2,I$/".3,.(,&/"3&6$i6"-&/(", A; (,&/
(&"6(&*.6(,-"*$.1(*" 671/ +$14"(*$",67"&)"-./-$",/3;-(,&/".13"8&)"2$/$(,-"-*.12$6"a6$$" M$-(,&/"" DPOFS#WI5*$
$))$-(,J$"3&6%"-&/-$%(",6"3%$',J$3")'&+"P").-(6"&)".3,.(,&/"3&6,+$('4V



RO®$3,-.1"./3"&-;%.(,&.1".3,.(,&/"$:%&6:'$6".'$"2$/$'. 114" /&(":/,)&'+B">,(*'6&+$"&'2./6"./3"(,66;$6
'$-$,,/2"2'$.($"$:%686;'$6" (*./"&(*$'6D

PIM$/6,(,J,(4"(&".3,.(,&_,/3;-$3"3%(",+$/(.1"$))$-(6"J." $6".+&/2"3,))$'$/("&'2./6"./13"(,66;$6D

5%$"$))$-(,J$"386%",6"$:%6'$66$3",/":/,(6"($'+$3"MI"M$-(,&/"[DRD"5*$";/,(6".'$"."6%$-,.1"($'+")&"CX72"a(*$"6.+$".6
)& (*$"I'. 4bD"5*$" MI"$%'S6$/(6" (*$ *4%&(*$(,-.1":/,)&'+">*&1$ A&34"38&6%$"(*.("-&/)$'6"(*$"6.+$"6(&-*.6(,-",67".6
(*$"/&J:1,)&'+"3&6$".-(;.114"3$1,I$'$3D"1";/,)&'+" (&(.1"A&34".AB&'A$3"386$"&) 'R"CX72"&)".3,.(,&/"(*.("*.6".
'3,.(,&)">$,2*(,/2").-(&"&)"R">&;13"4,$13"./"$))$-(,J$"38&6%$"&)"R"MID

5+$"$))$-(,J$"386$"-&/6(';-(".66,2/6"$.-*"&'2.IX(,66:$".">$,2*(,/2").-(&" (*.("$d$-(6"(*$"(,66:$i6"6$/6,(,J,(4"(&
'3,.(,&_,/3;-$3"6(&*.6(,-",67D"5*$"-. 1-:1.(,&/"&)"$))$-(,J$"3&6$" /I&LIS6"$6(,+.(,/2"$.-*"&'2.fi6" -(;. 1"$\;, J. 1$/(
386%$"a,/"l4bD"5*.("3&6$",6".3Y;6($3"Ad"+;1(,%14,/2" ("AL"(*$"&'2./i6"(,66;$_>$,2*(,/2").-(&D"5*$"&'2./"6$/6,(,J,(4_
3Y:6($3",/3,0,3;.1"&'2./"3&6$6".'$"6:++$3"(&"4,$13"."(&(.1"$))$-(,J$"3&6$"a,/"MIbD

8&"."-*$6("$:%&6;'SB". A6&'A$3"386$",6"-&/-$/(.($3",/"(*$"67,/B"+$3,.6(,/.1"6(;-(; $6B"1;/26B"A'$.6(B"./3"(*&'.- -
A&I$S"+."&>D"<&6$6" (&"(*$6$"&'2./6">&;13"-&/(,A;($"(*$"1.' 256 ("-&+%&/$/(6"(&"(*$"$))$-(,I$"38&6%$"-.1-;1.(,&D
M+.11$"\:./(,(,$6"&)"6-.(($'$3".3,.(,&/">&;13"$:%&6$"(*$". A3&+,/.1"J,6-$'."./3":%%S$"/$-7D"16" (*$6$"&'2./6">&:13
'$-$,J$"6+.115"$:%8&6; $6B" (*$, "-&/(", A;(,&/"(&"(*$"$))$-(,I$"3&6$"-.1-;1.(,&/">&;13"A$"6+.11$D"T(*$" (4%$6"&)
'3,818&2,-.1"$:.+,/.(,&/6B"6;-*".6";_'.4"05" /3"-'3, -"6-,/(,2.%*4B">&:13".1$"3,))$'$/("&'2./"$:%&6:'$
3,6(,A;(,&/6"4,$13,/2"3 ))$'$/("$))$-(,J$"3&6$"-.1-;1.(,&/6D

<$',3,/2" " ((I$"+$.6;'$"8)"."6;AY $-(16"$6(,+.($3",/-'$.6$3"-./-$" 67"3:$"(&"."6%$-,c$3"$))$-(,J$"38&6$",6
“&HU1SAS-. 68" (*$" 67"+.2/,(;35",6"3($'+,/$3"A4"/+$'&;6"&(*$" . AL1$6B" /-1;3,/2"6;AY$-(".2$"a-*,13'$/"./3
4&:12".3;1(6".'$"+&'$"6:6-$%(,A1$bB"2$/3$ " a>&+$/".'$"+&'$"6;6-$%(, ALSbB" /3".(:.1"1,)$"$:%$-(/-4"al&/2$" /. (.1
1,)$"$:9%6%-(./-4"-&/)$'6"."1&/2$" (,+$".J., 1.AL$")&"-./-$" (&"%'$6S/("  #VDD"M(.(,6(,-.1"+&3$16"(*.(".(($+%("(&"\;./(,)4
(*$"386$ _',67"$1.(,&/6%,%" . I$"ASS/"3$I$1&%6$3"A.6$3"8/"1.'2$"%&%: 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$S/"$J,6$3"8IS"(,+$".6".--;+:1.(,/2"$%, 3$+,&1&2,-.1"$J,3$/-$
%$'+,(6"+&'$"%'S-,65"$6(, +.($6"&)"&'2./"6$/6,(,J,(4D"5*$"U/($'].(,&/.1"08&++,66,&/"&/"#.3,.(,&/"="&($-(,&/"%;AL,6+$3
(*$"+&6("$-$/("&'2.1"6$/6,(,J,(4"$6(,+.($6",/"PQQe",/"UO#="=;A1,-.(,&/"RQZ" SHXD"5*$"$6(,+.($6".'$"1,6($3",/">R?294Y

FU9?"ULHUL9"" FU9?"=T=]=
>R?2%V
=7782%K2=CL4=6C%P>:4537%@72D%45%">?:8?7>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¢$$".96%1,-.(,&/6"8)"(*$"$))$-(,J$"386$"-&/-$%("*. IS "$1$J./-$")&"+$3,-.1"$:%&6;'$"(&"%.(,$/(6";/3$'2&,/2
-'3,8J.6-:1."%'&-$3:'$6"./3"&-:%.(,&/.114"$:%&6$3"+$3,-.1"%$'6&//$1D"5*$4" '$V

RIB&"-.'3,.-"_"4"d;&'&6-&%A4" [3"-.'3,.-"_"4"05B"(*$".3,.(,&/" 6"-&/-$/(.($3" /" (*$"6;AY$-(i6"-*$6(D"5*;6B
(*$"$:%6&6; $6"(*.("-&/(,A;($" (" +&6("(&"6(&-*.6(,-" 67" (3" (*&' .- -"$3"A&IS"+."&>0" (*$"1:/20"./3B"/
)$+.1$6B"(*$"A'$.6(D

PO®S$.6;'$+$/(6"&)"$:%8&6;'$" /"%*./(&+6"%'&J,3$"+&3$16" (*.("$/. ALS" (*$""&; 2*"$6 (, +.(,&/"&)"$\;,J.1$/(
3&6%$"3%1,3$'$3"(&"%.'(,;-;1." /($1.1"6(;-(;'$6" A" (*$"$:%0&6;'$".6"+3$.6;,'$3"A4" (*$"6;AYS-("$:%8&6;'$
%.'+$($'6B",/-1;3,/2"KI="%'&3;-(")&":_".4"d;&'&6-8&%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$"-&/I$' ($3"(&
$))$-(,J$"3&6%$6"./3"6;++$3"(&"-. 1-;1.($"./"$6(,+.($"&)" (*$"6;AY$-(i6"$))$-(,J$"3&6$D"16"/&($3" /" (*$"%'$J,&;6
($:(B"(*$".A6&1;($"$))$-(,I$"3&6$_',67"$1.(,&/6*,%",6"+&3;1.($3"A4"6;AYS-("-*.".-($',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?296V&/(.,/6"."64/8%6,6"&)"(*$"%" /-, %.1"+$(',-6"3$6-' A$3",/"(*,6
6$-(,&/D"U/"$%&'(,/2".3,.(,&/") ' &+".[",/3,J,3;.1"%'&-$3;'$"(&"."6%$-,Cc-"%.(,$/(B"+&3.1,(4_6%$-,c-"%.".+$($'6"6*&;13
A$";6$3D"8&":_".4"d;&'&6-8&%,-"%'&-$3;'$6B".,"7$+.".("(*$" /($'I$/(,&/.1"$)$'S/-$"%&,/("./3"KI="6*&;13"A&(*"A$
'$%&'($3D"8&"05"%'&-$3;'$6B" (*$"0551]./3"3&6$_1$/2(*"%'&3;-("a<H=b"a3,6-;66$3",/"3$(.,1" M$-(,&/"WDZDE*&;13
A$"$%&' ($3B".1&/2">,(*"(*$"6,0$"&)"(*$"05<U"%*./(&+"aZP_"&"RW_-+bD"9))$-(,J$"3&6%"*.6"1,+,(.(,&/6")&"-.1-;1.(,/2
/3,3,3;.1"%.(,$/("3&6,+$('4"A$-.;63B")&"'$:.+%1$B"(*$"(,66;$">%$,2*(,/2").-(&'6".'$"2$/3$"./3".2$".J$'. 2$3"a/&(
&2 & (")~ (*.("-*,13'$/".3")$+. 186" '$"+&'$"6$/6,(,JSDD"E&>$ISB", ("+.4"A$";6$);1"(&"+.7$"2$/$".1
-&+%.",68&/6"AS(>$$/"+&3.1,(,$6B"%'&(&-&16B"./3"+.2,/2"6(".($2,$6 D", I$/"(*.("$))$-(,J$"3&6$",6"./"$6 (,+.($" (*.(
JI&1I$6"."/;+A$"&)".66;+%(,&/6B"(*$"-.1-;1.($3"./3"$%&' ($3"].1;$6"6*&;13"A$" --&+%./,$3"A4" (*$" -(;.1
$:%&6;'$"+3$.6;'$+$/(6"./3"."3$6-",%(,&/"&)"(*$"+$(*&3&1&24";6$3")&"$6(,+.(,&/B"(*.(",6B"."-8&/I$'6,&/").-(&D

FU9?"ULHUL9"n" FU9?"=T=]=
>R?2%W
+16517=7%5A%*>D=>4=56%/0157832%>6D%9572%Z2243=:7

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

5.1 Mechanism of Radiation-Induced Biological Effects
#.3,.(,&/_,/13;-$3"(,66;$",/Y;'4",6"3;$"(&"+&1$-;1.".1($'.(,&/6"-.;6$3"A4"%.' (,-1$6"&" %*&(&/6" (*.("*.J$"6;h-,$/(
$/$'24"(&",/3;-$",&/,0.(,&/D"(&+6",&/,0$3"A4".3,.(,&/".'$") $\;$/(14"-*$+,-.114",/6 (.AL1$"./3"("./16)&'+"(*$+6$1I$6
&"(*$,"-&/6(,(;$/("+&1$-:1$6" /(&")'$$".3,-. 16D"I"-&++&/"$:.+%1$",6",&/,0.(,&/"&)">.($B">*,-*";:%&/" /($'.-(,/2

>, (¥ 4"%*&(&/B"3$-&+%&6$6" /(&".")'$$"$1$-(&/B"."%'&(&/B" /3" "*43'&:41".3,-.1D"5*$"*43'&:41".3,-. 1B"A$-.,6$
&)",(6":/%.,'$3"$1$-('&/B",6"*,2*14"$.-(,I$"./3" /($'.-(6".3,314">,(*'A,&+&1$-;1$6"a%'&($,/6"&"/;-1$,-".- 36bD"M, +,1.'14B
I A% &(& 1"\ &S, 0% " (& (*.(",6"."-&/6(,(;$/("&)"."A, &+&1$-;1$D"5*;6B"."A,&+&1$-;1$"-./"A$". 1($'$3"A4
$,(*$"$.-(,/2">,(*".".3,.(.&/_2$/$'.($3")'$$".3,-. 1"&""A4"A$,/2"3,'$-(14",&/,0$3"A4".3,.(,&/D"5*$"$6;1(,/2"6(';-(;'. 1

(2% " (S +&1$-;1$i6"):/-(,&/D

#.3,.(,&1_,/3:-$3"(,66:$"3.+.23")&+",&/,0,/2".3,.(,&/"(.7$6"+./4")&'+6"(*.("*. J$"J.", . AL$" /($'J.16"AS(>$$/
$:0086;'$"./3"-1,/,-. 1"%'$6$/(.(,&/D"ME+$"™*.+):1".3,.(,&/"$))$-(6".%%$.">, (*,/"3.46" (&"+&/(*6")&11&> /2" (*$
$:9686; D" T(*$"*.+):1".3,.(.&/_,/3;-$3"$))$-(6"+.0$"1&/2"1.($/("%$' &36B"A$-&+,/2"$J,3$/("&/14"+./4"4$.'6
)&LLE> 12" (*$" I-,(,/2"$:%&6: $B"&"+.4"I&(" Yo' $6$/(" /" (*$" /3,,3;.1i6™$+.,/,/2"1,)$(,+$D

<+.28"(&""+&1$-; 18" (*.(",6". /" +%& (/("(,66;$"-&/6(,(;$/(B"6;-*".6"."%'&($,/B"-./". 1($" (*$"-$11i6");/-(,&/D"U)"."-$11
1-'6"6;h-,$/("3.+.2$"(&",(6"-&/6(,(:$/("+&1$-; 136" ("+.4"I&("A$" ALS" (&"+../(../"A.6,-"-$11;1."&%$".(,&/6"./3
13$'2&"/$-'86,6D"U)"."-$11" /-6"6(.($2,-"3.+.2$"(&",(6"3$&:4" A&/;-1$,-" .- 3"a<LIbB"."%'$J,&;614"/&'+.1"2$/$"+.4

%'&+&($"-.-,/&2%$/$6,6D

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

5.2.1 Tissue Reactions (Formerly Called Deterministic Effects)



5,66;$"$.-(,&/6".'$"-.;6$3"A4".3,.(,& ,/3;-$3" /Y;'4"(&"6(:-(;.1"./13"):/-(,&/.1"+&1$-;1$6" /"-$116D"0$11"/$-'&6,6

> 11"&--" )" (*$" . +&;/("&)"+&1%-;1.". 1($".(,&/" /-;"$3"$:-$$36"(*$"-$11i6".A,1,(4"(&"$%.," ,(651)"./13"+.,/(.,/
)il-(,&/D"U)"."6:h-,$/(")".-(,&/"&)"./"$:%86$3"(,66;$i6"-$116"+.1);/-(,&/B").,1"(&"*$.1"%'8&%$'14B"&" /$-' &6$B
+.-'&6-8&%,-.114"$J,3$/("(,66:$",/Y;'4">,11"&--;'D"0&/6$\;$/(14B"(,66;$"$.-(,&/6"(4%,-.114"$:* A,("3&6$_'$1.($3"6$I$', (4l
IA&JIS"(*$"(*'$6*&13"3&6$B"."2'$.($""3&6$">,11"-.;:6$"+&'$"$:($/6,I$"-$11;1." /Y;'4"(&"."2'$.($"/;+A$"&)"-$116B
J-'$.6,/2"(*$"6$J%',(4"&)"(*$"+.-'&6-&%,-"$))$-(",/"."3&6$_'$1.($3").6*,&/D

M7,/ Y 4" 6" (*$"+&6("-&++&/"(,66:$"$.-(,&/"&ABS I$3",'-.'3,&J.6-:1." +.2,/2D"U("&--:'6". 1+&6("$:-1;6,I$14") &+
40 &'&5-&%,-"$:%&6;'$6"./3"-./"A$"6;h-,$/(14"6$I$'S" (&"-.:6$"(,66:$"/$-'&6,6D"T(*$"(,66;$"$.-(,&/6" /-1;3%

- ()& +.(&JO"A&IS"$-'86,60" /3B ["(*$"$. (B"3.+.2$" (&"+4&-.'3,;+B"-.'3,.-"]. 1I$6B"./3"-&'&/.'4"  ($',$6D"U/
33,(,&/B"))".")$(;6",/-'6"6;h-,$/("-$11;1." JY;'4". ("' (- 1"6(.2$6"&)"&'2./&2$/$6,6B"3$I$1&%+$/(">, 11"A$" +%.,'$3
S#YD

5,66:$"$.-(,&/6"&/14"A$-&+$"+.-'&6-8%,-.114"$J,38/(",)"."(*$6*&13".3,.(,&/"3&6$",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"AS$-.;:6$
("6;A(*$6*813"386$6B"$I$/"(*&;2*"6&+$"-$116" /-;"™.3,.(.&/_/3;-$3"+&1$-11."-* [2$B"(*$"(,66:$",6".A1$"(&

+ Y-GS I3M, AL (A AS- 68" (*$"3.+.2$"38$6"/&("7,11"."6:h- $/(") .-, &/"&)" (*$"-$116"&™ ))$-("-$11:1.
)il-(,&/"6:h-$/(14"(&"-.;6$"+.-'&6-&%,-.114"$J,3$/("(,66;$",/Y;'4"&™);/-(,&/. 1" 1($'.(, &/"aA$L&>"(*$"(* $6*&13"3&6$B
U6+.11"+AS"&)"-$116" /" (,66;$"+.4":/3$'2&"1$-'&6,6"A:("&(" /"6;h-, $I("[:+A$'6" (&"%'&3;-$"."+.-'&6-8%,-.114
33($-((A1$"%))$-(b'S# WD

5,66:$"$.-(,&/6"&—:">,(*"."(,+$"3$1.4" AS(>$$/"$:%6&6;'$" /3" (*$".%%S. . /-$"&)"(,66:$",/Y:'4D"5* 6" 6"3:$"(&"(*$
(+$"$\;,'$3")& " +&1$-;1."3.+.2$"(&"$I&1IS"./3"(&"-.;6$"6;h-, $/("-$11;1."346);/-(,&/"(&"1$.3"(&"+.-' &6-8&%,-.114
$3,3%/(",/Y;'4D

5%:6B"."6:AYS$-("$:%&6$3"(&"."3&6$"(*.(",6"6:A(*$6+&13")&"."(,66:$"$.-(,&/">,11".%%$."/&+.1" /,(,.114"> (*"I&
+.-'&6-8%,-"$],35/-3"8)" 1"$))$-("&/" (*$"$:9%6&6$3"(,66;$D" "6 AY $-(">*&"$-$,I$6"."2'$. (S (*./"(* $6*&13"3&6$">, 11
1,(.114".%%$." (& A"/ )$-($3"A; ("(*$"$:%6&6$3"(,66;$">, 11B".("."1.(3"(,+$B"6*8>"6,2/6"&)" /Y 4D"1("386$6" . A&IS"(*¢
(*$6*&13B"(*$"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
-$11i6"<LI"(&"A$"$%'&2" . +$3" /(&"346):/-(,&.1"8&%$".(,&/D"5*$" %" /-,%.1"6(&-*.6(,-"$IB/("&)"-1,/,-.1",+%&'(./-$",6
"3,.(,& _,/3;-$3"-./-$D

M(&-*.6(,-"$))$-(6"3,))$") &+"(,66;$"$.-(,&/6" /" (*$,"3&6$"$1.(,&/6* %D"?*$'$.6"(,66:$"$.-(,&/6"+.J$"."3%C/,($

386" (*$6*&13"ASLE>">* -+ (*$4"3& &("&-:"13"$:* A, ("3&6$_'$1.($3"6$I$',(4B"6(&-*.6(,-"$I$/(6B" /"-&/(.6(B".'$"I&(
718>1"(&"*.J$"."386$" (*$6*&13"./3"3&"/&("*.I$"."\;./(,(.(.I$"38&6$_'$1.($3"6$I$', (AD"#.(*$B"(*$,""$1.(,&/6*,%" (&"3&6%
6"%'&AA,L,6(,-B"./3"(*$"6$I$,(4"8)"."6(&*.6(,-"$IS/(B"6*&; 13" ("&--:'B", 6"/&("$L.($3"(&"(*$"3&6$"(*.("(', 22$'$3",(D"5*¢
%'&A.A,L,(4"8)"."6(&*.6(,-"$IB/(",6"(*&:2*("(&" /-$.6$" %% '&:,+.($14"1,/$.'14"> (*"3&6$"SH#$D

5+$"3,))$'$/-$"AS(>$$/".3,.(,&/_,/3:-$3"3.+.28"(&"-&/6(,(:(,I$"6(;-(;. 1"-$11"%'&($,/6B">*,-*"- :6$6"(,66;$
'$.-(,&/6B"./3"3.+.2$"(&"<LIB">* -*"- ;6$6"6(&-*.6(,-"$IF/(6B",6"(*.("."6,/21$"-",(,-.114"1&-.($3"<L!"3.+.2$"$I$/(
LSS &I-&2$ISD .3, (,&)_,13;-$3"-/-$"$, (*$""3&$6" & "3&$6"/&("&--;"a&" +. 4" I&("%'S6S/(">, (*, " (*$
6;AY$-(16"1,)$(,+$bD"5*$"%'&A.A, 1, (4" (*.(",("+.4"&--;" 6"$1.($3"(&"3&6$D"5*$"1, 7$1,*&&3" (*.("."6(&-*.6(,-"$I$/(">,11
&--"3&$6"/&("$.-"RQQM"$I$/".("I$'4"1.'2$"3&6$6D

<A+.28"(&"<LI"+&1$ 1S [ 38" ALS - &6\ S/-$6"35%S/3,/2" & &> (S Y. (-, 1. S+, - 1"+ 128" (&
<LI"+&1$-118".))$-(6"2$/$");/-(,&/D"<.+.2$"(&"."1&/-&3,/12"$2,&1">&;13"+&6("1, 7$14"A$" /-&/6$\;$/(,. 1B">*$'$.6
3.+.29"(&"."-83,12"$2,&/"-&;13".))$-(",(6"2$/$"%'&3;-(B"./3"3.+.2$"(&"."$2;1.(&'4"$2,&/"-&;13".))$-(",(6



'$2:1.(,&/D"9,(*$"&)" (*$"1.(($" P "%*$/&+$/."*.6"(*$"%&($/(,.1"(&"("./6)&'+"."1&'+.114"):/-(,&/ 12" 2$/$" /(&" ./
&/-8&2%$/$D

5% 6"060%$/&+$/&/"$:%1. /6" &>B". 1(*&;2%".3,.(,&/"$:%8&6;'$"1, 7$14"-.;6$6"+./4"<L!"3.+.2$"$I$/(6B"+&6("&)"6;-*
$IS/(6".'$" [-&I6S\:$/(,.1"./3"+.4"AS"$%.,'$3"6;--$66);114D"!"-1,/,-.114"$J,3$/(".3,.(.&/ _,/3;-$3"-./-$"$I$/(">,11
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5.2.3 Stochastic Effects: Heritable Effects in Offspring
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5.3 Tissue Reactions . Dose-Effect Relationships

5.3.1 Skin Injury
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5.3.2 Bone Injury
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5.3.3 Eye Injury: Cataracts
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5.3.4 Tissue Reactions: Managing Skin Injuries
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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 Radlation Exposure for Occupationally Exposed Healthcare

Workers
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54 +&6("$))$-(,I$">.4"(&"1,+,(".3,.(.&/"$:%86;'$" (&" (*$"%'$2/./("%.(,$/(",6"(&"-&/6,3$" (*$" /3,-.(,&/6".13"/$-$66, (4

(*$"6-'$$/,/2".13"-&;/6$1,/2"$-&++$/3.(,&/6"$6(.AL,6*$3")&"&(*$",&/,0,/2™.3,.(,&" +.2,/2D"<,.2/1&6(,-":_".46
%6&6$"/&" 67" (&"1.-(.(,&/SWNDIU/".33,(,&/B"L.-(.(,/2">&+$/"3&"I&("I$$3"(&"3,6-&/(,/;$"A'$.6()$$3,/2".)($""$-$,%("&)
1(.3.6=1." &3,1.($3"-&/(.6("A$-.;6$"tRM">, 11"A$"$:-'$($3" /(&"A'S.6("+, 17" /3"tRM"&)"(*.(">, 11"A$" A& A$3"A4"(*$
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8&"/;-1%." +.2,/12B"(*$'$".'$"-&/-$'/6" A&;("(*$".3+,/,6(.(,&/"&)"™.3,&.-(,J$",&3,/$".6",("'$.3,14"-'&66$6" (*$
%1.-$/(.B"%'$)$'$/(,. 114" —:+:1.($6" ["(*$"(*4'&,3"21./3B"./3".6"."*.1)_1,)$"&)"S"3.46B" /3"(*:6"+.4" [Y:'$"(*$")$(.1
(*4'&,3"21./13D"5-_gg+B"™&>$I$B">* -*"* 6" "6*&'($"*.1)_1,)$B">,11"-.:6$"1$66")$(.1"$:%&6;'$D"8&"/;-1$."-.'3,&1&24
%3'):6,&/",+.2,/2B"#ASP"%&6,('&/"$+,66,&/"(&+&2".%*4"a=950">&;13"-.;6$"(*$"1$.6(")$(.1"$:%6&6;'$SD

Y%Z5D>7=4IN+12:=a:%*>D=>4=56%/0157832%927=E23|

6.1 General Principles

6.1.1 Characteristics of Medical Diagnostic Radiation
5*¢".3,.(,&/"$+%1&4%$3",/".11"-.'3,&J1.6-;1."3,.2/&6(,-"+&3.1,(,$6"a:_'.4"d;&'&6-&%4B":_'.4B"05B"./3"/;-13$.'

-.'3,&1&24" +.2,/12"($-*/,\;$6b",6"  #)B/#.&"%!/"&"1C/"%&-2".3,.(,&/D"L,/$(4_cI$"(&"/,/$(4_1,/$"%$-$/("&)":_".4
$/$24"(*.("$/($'6"(*$"6;AYS$-(",6"5,(*$". AB&'A$3"&"6-.(($'$3">,(*./"(*$"6;AY$-(D"5*$"$+.,/,/2"Rm" (& m"&)" (*$
J-,38/(":_"4"%SI$(.($6"(*$"6;AYS-(B"$.-*,/2"(*$",+.2$"3B($-(&"(&") &'+" (*$",+.2$D" A6 &'%(,&/",6"$\;,'$3"(&") &'+
3,.2/&6(,-";_".4" +.2$6B"A;("3$2".3$6"/;-1$."6-,/(,2".%*4" +.2$6D"8& " A&(*"3,.2/1&6(,-";_".4".13"[;-1$."
6-,/(,2".%*4B"(*$"+.Y&',(4"&)".3,.(,&/"$/$'24"$1$.6$3"A4"(*$":_"4"(;A$"&"™.3,&.-(,J,(4".3+,/,6($'$3"(&"(*$"6;AY $-(
$,(*$"$:%&6%6" (*$"6;AYS-("&™,6"6-.(($'$3"&; ("&)" (*$"6;AYS-(">, (*"(*$"%&($/(,. 1"(&"$:%&6$"/$.' A4"+$3,-.1"%$'6&//$1D

6.1.2 Tools Used to Estimate Absorbed Dose
96(,+.($6"&)".AB&'A$3"3&6%$")&™: '.4"d;&'&6-&%4"./3"; '.4"05".'$"A.6$3"&/"+&3$16"3$I$1&%$3"A4"$:%&6,/2
J6('+$/($3"%*./(&+6"(&" /-, 3B/(":_" 4" AS.+6"(*.("$%1,-.($"(*$"A$.+6",6$3" /"3,.2/&6(,-",+.2,/2B" /3"+$.6;",/2
AB&'A$3"38&6%".("3,))$'S/("%&,/(6">,(*,/"(*$"%*./(&+D"5*$6$"+&3$16".'$".%%1,$3"(&"-.1-;1.($"./"$6(,+.($3".AG&'AS$3
3&6%"A.6$3"&/"(*$",/-,35/("AS.+",/($/6,(4B"%*&(&/"$/$'24"-*.' -($',6(,-6B"$:%&6;'$"(,+$B"./3"(*$"6,0$"&)" (*$"$:%0&6$3
A&34"$2,&/D"@&3$1_3%',I$3"$6(,+.($6".'$"Y;6("(*.(1$6(, +.($6D"M,/-$"+&3$16"3&"/&(",/-1;33". 11"&)"(*$", +%&'(./("3&6$
3$($'+,/,/2"d.",.A1$6B".-(;.1". A6&'A$3"3&6$6"+.4"].'4"-&/6,3%" . A14")' &+"$6(,+.($6D

96(,+.(,/2". AB&'A$3"3&6%")'&+".3,&/;-1,3$6",6"./"$/(,'$14"3,))$'$/("3,6-,%1,/$"(*.(",6"3,6-;66$3" /"  M$-(,&/"WID

6.2 X-Ray Fluoroscopy

6.2.1 X-Ray Fluoroscopy Subject and Operator Dose Issues

A A &'&6-8%4"3,))$'6") &+ &(*$",&/,0,/2".3,.(,&" +.2,12"($-*1,\;$6" /" (*.("(*$"AS.+"$/("./-$"%&' (",6"$1.(,I$14
6+.11D"0&/6$\;$/(14B"(*$"67,/".("C*$"AS. +"$/("./-$"%&'(",6"(*$"+&6 (" /($/6$14"$:%&6$3"(,66;$D"M:AY$-("67,/"3&6$6"-./
'$.-4"1$I$16"(*.("-.;6$"67,/"(,66;$"$.-(,&/6"a6$$" M$-(,&" bD"54%,-.114B":_'.4"d;&'&6-&%A4" 6"(*$"&/14" +.2,/2
($-%/\;$">, (" (*$"%&(S/(,. 1"(&"-.;6$"6;-*"."'$.-(,&/D"" '.4"d;& &6-&%4".16&"*.6"(*$"%&($/(,.1"(&"3$1,I$"."38&6%$"(&
J($1.1"6(;-(;'$6" /" (*$",+.2,/2"c$13"$+&($") &+"(*$"AS.+"S/(/-$"%&' ("(*.(",6"1.'2$"$/&; 2*" (&"-.;6$"6(&-*.6 (-
$))$-(6D"_".4"%*&(&/6".'$".16&"6-.(($'$3">,(*./"(*$"6;AYS$-("./3"3$1,J$""3&6$"(&"6;AY$-("(,66;$6"(*.(".'$"&;(6,3$"(*$
+.2,/2"c$13D"0&/6$\:$/(14B".66$66+$/("&)"(*$",+%1,-.(,&/6"&)"6;AYS$-("$:%&6;'$") &+":_".4"d;&'&6-&%4"+:6(
-&/6,3$"$/(./1-$"%&' ("67,/"3&6$B">*,-*",6"(*$"3&6$"$-$,I$3"A4" /($1.1"6(;-(;'$6">, (*,/"(*$",+.2,/2"c$13"./3"A4

&(*$" /($.1"6(;-(;'$6"&;(6,35" (*$",+.2,/2"c$13D"T(*$"6-.(($'$3"%*&(&/6"$:, ("(*$"6;AYS$-("./13"-.I"$:%&6$"/$.' A4
+$3,-.1"%$'6&//$1D

6.2.2 Basics of Operation of an X-Ray Cine!uorographic Unit

"4 18d;&'&2".%*,-";/,("2%/$".($6"-&/('&11$3":_".46" /" /"4 GAS (*.(".'$"-&11,+.($3"(&"'$2;1.($"(*$"6,0%"./3
6*.90$"8)"(*$":_".4"A$.+D"5*$"A$.+"%.66$6"(*' &;2*"(*$"6;AY$-(")&'+,/2",+.2$6" (*.(".'$"3B($-($3"A4"."d.("%./$1
35($-(&"aP=C8326MNE*$";_".4"(;A$"&;(%;("a./3".--&'3,/214" (*$"$:%&6;'$" (&"(*$"6;AY$-(b",6"+&3;1.($3"A4")$$3A.- 7
== (4")' &+ (*" (16", +.2,/2" . [ (&".-*, $I$". /&% (,+.114"$:9%&6$3",+.2$D



P=C832%W 95Q675>D%aC882126%=6%62Q%85R675>D%15Q2315=
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.L2%13=;>31%R2>;T%:5?77=;>42D%45%>%32:4>6C87>3%:3577%72:4=56T%264237%4L.2%1>4=264T%411=:>??1%4L358CL
>44268>42D%>6D%7:>44232D%Q=4L=6%4L2%=;>C=6C%a2?Dd%.L2%13=;>31%R2>;%2015727%4L2%78R]2:4%Q=4L=6%
7:>44232D%13=;>31%R2>,%3>D=>4=56%:>6%201572%7438:48327%Q=4L=6%4L2%78R]2:4%4L>4%>32%32;542%A35;%4

5*¢'$".'$"P"3,))$'$/(":_"4"d;&'&6-&%,-"646($+"%." . +$($'6"(*.(".'$";6$3"(&"-*.".-($',0$":_".4"$:%&6;'$"./3"3&6$V
R +;1.(,J$"3&6%".("(*$"/($'I$/(.&/.1"$)$'$/-$"%&.[(D__"5*,6"%.".+$($",6"."+$.6;'$"&)"(*$".3,.(,&/"3&6%

a$:9%'$66$3".6".," TS +.b"(*.("$/($'6"(*$"6:AY$-(D"U(",6"+$.6;'$3"./3"3,6961.4$3" /"$.1"(,+$"A4"-"$/("6 (.($_&)_
(*$_'("".4"d:&'&6-8%,-"646($+6D

PI&6S".("(*$" +.28"35($-(&D"5* 6",6"."+$.6;'$"&)"(*$".(($/:.($3".3,.(, &/"3&6$" (*.("%$/$ (. ($6" (*$"6;AY $-(
137%. 456" (*$"3B($-(&"(&")&+"(*$",+.25D"U(",6"(4%, -. 114"t m"8)" (*$"3&6%$".("(*$" /($'I$/(,&/. 1"$)$'$/-$"%&., /(D

6.2.2.1 X-Ray Cineluorographic Unit Operating Parameters
5*¢'$".'$"+;1(,%1%",+.2,/2"%.".+$($'6"(*.(",/d;$/-$"(*$":_".4"$:%&6;'$".66&-,.($3">,(*"./":_".4"-,/$d;&'&2".%*,-
$:.+,/.(,&/D"5*$63$".'$V

RRN3>1%=;>C2%D242:453%D572%123688728"3&6%$")&"'$.-*":_".4"%;16%$"a(4%,-.114"+$.6;'$3",/"/./1&2".4
3$($'+,/./("&)",+.2$"-1.",(4"./3"3%(.,1"a3,6-;66$3",/"2'$.($" 3$%(*",/" M$-(,&/'eDBD"U(",6",+%&"(./("(&"%&,/("&;(

(*.("("$"3($-(&""3&6S",6"-8/6,35 . A14"6+. 115" (*./"(*$"6;AY $-("3&6$B".6"2$/$". 114" M"&)"(*$" /-, 3%/("".3,.(,&/
%$/$('.($6"(*&;2%" (*$"6;AYS-("./3"$.-*$6" (*$"3$($-(&D



PIN3>1%86=4%A3>;=6C%S18?7=6€ 663424+ A$"&)"%; 16$6" (*.("(*$":_".4"646($+"2$/$".($6"%$":/,("&)
(,+$D"5*,6",6"./"8%$".(&'_6$1$-(AL1$"%. +$($"(*.("2$/$. 114" [2$6"AS(>$$/["./3"ZQ"%: 16$6X6$-&/3"./3",6".
3$($+,1("&)"+. 28" ($+%&'. 1"$6&1;(,&/D

ZD">C=6C%a2?D%TSBBY,6"(*$"-'8&66_6$-(,&/.1".'$."&)"(*$":_"4"A$.+"(*.(" +%,/2$6"&/" (*$"6;AY$-(D"5*,6",6
3,6-:66$3",/"2'$.($"3$%(*" /" (*$"6$-(,&/KS'+._I'$."='&3;-(DK

[DEN3>I1%R2>:%a?43>A45604" ((A$"%'&3;-$6"."6%$-(;+"&)": " 4"%*&(&/"$/$'2,$6D"5*$"1&>$'_$/$'24
06*&(&/6"a%*&(&/"$/$'2,$6"ZQ " TSFD"3&"&("*.I$"6:h-,$/("%S/$(.(,/2"%&>$" (&"$.-*"(*$"3$($-(&B"./3"(*;6
$:%&68"(*$"6;AYS-(">, (*&: ("-&/(, A (/2" (&" +.2$")&'+.(,&/D"5*$6$"j;/3$6,  ALSK"%*&(&/6".'$" (4%, -.114"jc1($'$3K

5*$" '4"386$"3$1,J5'$3"(&"."6;AYS-("3: /2" "d:&'&6-8%,-"$:.+,1.(,&/" 6"3H($+,/$3 A4 (*$"-&+A [.(,&/"&)" (*$
%'$J,&;614"+$/(,&/$3"%. +$($'6"./3".16&"A4"6;AYS-("-*. -($',6(,-6D"H.'2$"3&6$6"%$"%; 16$B"1.'2$"c$13"6,0$6B"./3
).6($™).+,/2" ($6". 11" /-$.6$"6;AY$-("$:%&6;'$D

G$-.;6$"_4"646($+6".'$"-. 1, A'($3"(&",+.28">,(*"."%."(,-; 1."'3$($-(&"3&6S$B" (*$" /(',/6,-".3,&2" . %*,-"3$/6,(4"&)
(*$"6;AY$-(",/d;$/-$6" (*$"3&6$"(*.("+;6("A$"3$1,I$'$3" (&"(*$"6;AYS-("(&".-* $I$"."%.'(,-;1."3&6S" (*.("$.-*$6" (*$
3$($-(&D"5*6B". 11"&(*$"%. . +$($'6"AS$,/2"(*$"6.+$B"."1.'2$B"*$.J,$"6;AY$-(">,11"$-$,J$"."1.'2$""3&6$"(*./">,11".
6+.11$B"1,2%($"6;AY$-(D

6.2.3 Measures and Determinants of Subject and Operator Exposure

6.2.3.1 Cumulative Air Kerma at the Interventional Reference Point
5*¢"-;+;1.(,J%".,"7$'+."&)"(*$",/-,3/(":_"4"AS.+".("(*$" /($IP/(,&/.1"$)$'$/-$"%&,/("a3$6-", A$3", /" M$-(,&/"[ bB",6
(*$"A.6,-"+3$.6;'$+3/(";6$3"(&"-.1-;1.($"$6(,+.($6"&)"6;AYS-("$/(./-$"%&' ("67,/"3&6S$"./3",6"(*$"+B(",-"(*.("+&6/(

- ($14"$6(,+.($6"(,66;3"'S.-(,&/,67D"U(",6"."+$.6;'$"&)"(*$"$/$'24"3%/6,(4"a+$.6;'$3",/"14b"&)"(*$".3,.(,&/"(*.(
$/($'6"(*$"6;AYS$-(D" '.4"d;&'&6-&%,-"646($+6"6&13",/'(*$"])/,($3"M(.($6"6,/-$"PQQW".'$"$\;,'$3"(&"+$.6;'$"&'

$:.+,/.(,&/D"T%S . (&'6"-./"%&($/(,. 114" %%14"(*,6" N&'+.(,&/"(&"+.7$"%'&-$3;'$"-&/3:-("3$-,6,&/6B"$/. AL, /2" (*$+"(&
>$, 25" (*$" 67"&)"."67,/" IV 4" 2. [6("(*$" +%& (/-$"&)"-&I(,/;,/2"."%'&-$3:'$D"5* 6" N &'+.(,&/"-./". 16&"AS";6$3"(&
D&+ "%, (,$/("&)"™* 6X*$"%&($/(,.1"67,/",/Y;'4™ 67D

0:+:1.(,J$", " 7S+ (" ($" /(S IS/, &).1"$)$'S/-$"%&, /(" 6"."+:-*"+&'S"+$./,/2); 1"6:AY $-("$:%6&6:'$"%.  +$($

(51" (*$"(&(. 1" & ' &6-&%,-"(,+$B">* -*"3&$6"/&(".--&:/ (") &"6;AY $-("3$/6,(4B"-,/$".\;,6,(,&/"(,+$B"&"-*./2$6",/

) A$"($&"./2:1.(,&/D"5*$"; 4 "6AB($HE".;(&+.(,-"$: %686 $"-&/(&11$"3H($'+,/$6"(*":_.4"$:%&6:'S",/($/6,(4D
9:9%&6;'$",/($/6,(4",6"3$($'+,/$3"Ad" (*$"646($+6"65("35($-(&"3&6$"./3"(*$"6;AYS$-(i6",/(',/6,-".3,&1&2,-.1"3$/6,(4D
M;AYS$-("3$/6,(4",6"3$($'+,/$3"A4"A&34"™ A, (;6"al.'2$"%.(,$/(6".'$"+&'$"3$/6$b" /3" % &Y $-(,&/".121$"a$: ($+$6"&)
&AL\, (4".13"67$>"$\;,'$"2'S.($""3&6SDD"0&/6S\;$/(14B" (*$"$:%&6:'$".($"3$1,I$'$3"3;" /2" /": ' 4"d:&'&6-&Y%6, -

S+, L (&-1". 4" 8IS 128" /28D

MAYS$-("67,/"$:%86;'$">, (* /" (*$"AS.+"$/(./-$"%& (",6"68+F>*.("2'S.($"(* /" (*$"., " T$+.".("(*.("1&-.(,&/D"5*,6",6
AS$-.;6$"6&+$"8)"(*$".3,.(, &/ (*.("$/($'6"(*$"6:AYS-(",6"6-.(($'$3", /" (*$"&%%&6,($"3,'$-(,&/"aA - 76-.($'hD"5*$
A-T6-.($'$3".3,.(,&/"6;+6">, (*"(*$" /-, 33/(".3,.(,&/") &+"(*$"%' +.'4"AS.+B" /-$.6,/12"$/(".I-$"%& ("6 7,/
$:0086;'$D"<$%$/3,/2"&/"; " 4"c$13"6,08B"$/("./1-$"67,/"$:%&6:'$",6"(4%,-.114" '&;/3"RQM"(&"[QM"2'$.($"(*./" /-, 3$/(
J"7$'+.D

A A'$:9%86: S (& ($"6:AYS-(",6"1&(",)&+D 6" I A" AS.+"%.66$6" (F&:2*" "6;AY$-(B"(,66:$". AG&'%(,&/
($/:.($6",(6",/($/6,(4"a6$$" P=C8320AX'0&/63\;:$/(14B"(,66;$"-1&6$"(&"(*$"A$. +"$/("./1-$"%&'("$-$,J$6"."1.'2$"3&6%
(*./"3$$%$'_14,/2"(,66:$"./3"(,66:$".("(*$"AS.+"$:, ("%& ("a-1&6$6("(&"(*$",+.2,/2"3$($-(&'D"$-$,I$6" (*$"6+.11$6("3&6$D
5+$"3&6$"3$1,J$'$3"(&"."1&.(,&/"3$$%$">, (*,/"(*$"6;AY $-(16"A&34", 6"3$($'+,/$3"A4" (*$"AS. +" /($/6,(4"./3" (*$"6%$-,C-



L 4" AG&'A.I-$"&)"(*$"(,66;$".("(*.("1&-.(,&/D"8&"6&)("(,66;$B" (*$"3&6%",6". A&; ("Wm"2'$.($""(*./"(*$".," TS +.". (" (*.(
1&-.(,&/D"G&/$". AB&'AG":_"4"+&'$".J,314"(*.["6&)("(,66;$D"0&/6$\;$/(14B"3&6$" (&"A&/$",6"Z"(&"["(,+$6"2'$.($™ (*./".,
7$'+.".("(*.("1&-.(,&/D"@&3%$1_A.6$3"$6(,+.($6"8&)"(*$"$1.(,&/6*, %" AS(>$S/" /-, 3B/(".," T$'+."$:%&6;'$"./3". AG&'AS3
3&6%".("3$$%$"6;AYS-("6(;-(;'$6"-./"A$". %%1,$3"(&"-.1-;1.($"./"$6(,+.($"&)"(*$"3&6$"3$1,I$'$3". ("+&'$"3$$% 14
1&-.($3"6(;-(;'$6">, (*./"(*$"6;AYS$-(D

P=C832%X 95Q675>D%aC882126%=6%62Q%85R675>D%15Q2315=
9=>C3>;%+L5Q=6C%4L2%/74=,>42D%92:32>7=6C%-64267=41%5A%CN*>1%/0157832%K=4L%9214L%K=4L=6%4L2%+8R]:

-6%4L=7%20>;1?2T%S3=CL4%>6423=53%5R?=\82%135]2:4=56UT%4L2%R2>;%264237%4L2%?2A4%7=D2%5A%4L.2%78
D2:32>727%Q=4L%D214L%Q=4L=6%4L2%78R]2:4%D82%45%>%:5;R=6>4=56%5A%R2>;%D=E23C26:2%Q=4L%D=74>6:.
>R75314=56%Q=4L=6%4L2%78R]2:4d%.L2%5E23>??%2AA2:4%5A%4L272%135:27727%=7%45%>44268>42%4L 2%R2>;9
45%X]%53%?277%5A%4L2%=6:=D264%=64267=41d

G$-.;6$"8)"6-.(($,/2">,(* /" ("$"6;AY$-(B"6&+$"6-.($'$3":_"4",6".16&"3,'$-($3"(&"18&.(,&/6"&;(6,3$"(*$".'$."&)"(*$":_
LA AS. A" 13"$:%&6$6"(,66:5"8:(6,35"(*$" +.2,/2" '$."a6$$"  P=C8328ANE*$"+.2/,(:3$"8)"(*,6"$:%&6:'$",6
816,38 ALA"1$66"(*./"(*.("&)"(,66:$">,(* /"(*$",+.2,/2".'$.D"M-.(($'$3".3,.(.&/"(*.("1$.J$6" (*$"6;AY$-(i6"A&34" 6" (*$
%',/-,%.1"68;"-$"8)"$:%&6:'$"(&"/$. Ad"+$3,-. 1"%$' 6&//$1"aP=C8326EY



P=C832%Y 95Q675>D%aC882126%=6%62Q%85R675>D%15Q2315=
9=>C3>;;>4=:%*21327264>4=56%5A%4L2%H>44236%5A%CN*>1%+:>4423%P35;%>%+8R]2:4% @6D23C5=6C%CN*>|%P?8

,542%41L>4%7:>44232D%0N3>1%2;>6>427%A35;%4L2%78R]2:4%=6%>7??%D=32:4=567d

6.2.3.2 Kerma-Area Product

KI=B"6&+3$(,+$6"$)$"$3"(&".6"3&6% .'$."%'&3;-("a3%$6-',A$3",/" M$-(,&/"[ bB",6"-&++&/14";6$3".6"."+$(",-"(&"$6(,+.($
"6;AYS-(i6"(&(.1". AB6&'A$3"3&6$D"U(",/-&'%&".($6"A&(*"3&6%"./3"$:%&6$3"(,66;$"I&1;+$" /(&"."6,/21$"+$.6;'$+$/(D"!,’
7$'+.",6"."+$.6;'$"&)"3&63%" .&"&-.'"C"a+$.6;'$3",/"CX72b™"$dS-(,/2"(*$"/;+A$"&)",&/,0.(,&/"$I$/(6"%$™;/,("+.66"&)
$:%0&6%$3"(,66;$D"E&>$I$B",("3&$6"/&("+$.6;'$"(*$"\;./(,(4"&)"(,66;%"(*.("$-$,J$6"(*.("3%/6,(4"&)".3,.(,&/"$/$'24B"./3

"3,.(,&/"$:%&6;'$B"(*$"1.' 28" (*$"\;./(,(4"&)"(,66;$" (*.("$-$,I$6" (*.("$:%&6;'$B" (*$"+&'$"(,66;$",&/,0.(,&/"$I$/(6">,11
&--;"-&/)$",12"."2'$.($"%&($/(,.1")&™."6(&-*.6(,-"$I$/(D

KI=",6"$:90'$66$3",/";/,(6"&)"I14"x"-+ PD"U(",6"-.1-1.($3"A4"+;1(,%14,/2"(*$"A$.+".,"7$'+."A4" (6"-'&66_6%$-(,&/.1".'$.D"U
6%8;13"A$"/&($3"(*.("6&+S"_".4"646($+"+./;).-($'6"$%& ("KI="/"/,(6"&)" ! l4x+ PaR"I4x-+""w"RQQMx+ "bD"U(
6%8&;13".16&"AS"/&($3"(*.(".," 7$'+.".I3"KI="$%'S6$/("-;+;1.(,J$"3&6$6") &+"./"$:%6&6; $B"/&("$:%&6;'$".($6D

1" +%6& /("' ~($,6(,-"&)"KI=",6"(*.(",(6"3.1;$" /"."3,J$'2,/2": _' 4"A$.+",6" /35%H/3B/("&)" (*$"3,6(/-$")' &+"(*$
6&;-$D"5%,6",6"A$-.;6$"(*$"AS.+",/($/6,(4"a.," 7$'+.b"35-'$.6$6"%'&%& " (,&/. 114" (&"(*$"6\;.'$"&)"(*$"3,6 (/-$">*,1$
(*$"AS.+"'$." /-$.6$6"> ("6\;.'$"&)" (*$"3,6(/-$D

KI=",6".))$-($3"A&(*"A4"., " 7$'+."&: (%:("./3"A4"-&11,+.(,&/"&"'c$13"6,0$D"5*:6B",)"$:%&6:'$" /($/6,(4",6"-&/6(./(B
'$3;-(,&/1",/"$:%86;'$"c$13"6,0$"33-'$.6$6"K!=D"I("."-&/6(./("$:%&6;'$"c$13"6,0$B" /-'$.6,/2".3,.(,&/"&;(%;(
1-'$.6$6"K1=D"5*, 6"%*$/8+$/&/";/3$'6-&'$6" (*$", +%&'(/-$"&)"+,/,+,0,/2"(*$"$:%&6$3"c$13"6,0%",/":_".4
d;8'86-&%,-"$:.+,/.(,&/6D



6.2.3.3 Application of KAP in Cardiovascular X-Ray Fluoroscopy to Estimates of Effective Dose to Patients
5*8"(&(.1"-;+;1.(,J$"K!I=",6"(*$"A$6("$.3,14".J.,1.A1$"+$.6;'$+P/("&)"(*$"(&(.1".3,.(,&/"3&6$"3$1,J$'$3"(&"."6; AY$-(
A4 " 4" &'&6-8&%,-"%'&-$3;'SD"";+A$"&)".66;+%(,&/6".'$",[I&1IS3",["$6(,+.(,/2"./"$))$-(,J$"3&6$"].1;$") &+
[KI="+8$.6;'$+3/(D"1$/$'.1"$6(,+.($6"&) " (*$"'$1.(,&/6*,%"AS(>$$/'K!="$:%&6;'$"(&" (*$" (*&".:" /" 14x-+ P /3
$)$-(,J$"3&6%",/"MJ"+.3$";6,/2"+%$.6;'$+$/(6",/"%*./(&+6"3$',J$"."-&$h-,$/("&)"QDPQ"+MIX|4x-+ PSWABILGA"(*,6
$6(,+.($B"."-&+A[.(,&/"-&'&/.'4" .\ ($',&2".%*4"./3"%$'-;(./$&;6"-&'&/.'4" [($' IS/ (,&/" (*.("3$1,J$'6"."K!="$:2&6;'$

&) Q"l4x-+ P>8&;13" +%.'(".1"$))$-(,I$"3&6$"(&"(*$"6:AY$-("&)"RQ"+MID"5*$" +%1,-.(,&/6"&)"(*.("3&6$"+.2/,(;3$".'$
3,6-;66%$3",/" M$-(,&/" D[D

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
@%$3,-.1"%$'6&//$1">*&"-&/3;-(":_".4"d;&'&6-&%,-"%'&-$3;'$6".'$".'$14"$:%&6$3"3,'$-(14"(&"(*$"%',+.'4":._"4"A$.+D
5*$4".'$"$:%&6%$3"A4"6-.(($'$3".3,.(,&" (*.("$+./.($6")'&+"(*$"%.(,$/("a P=C83266Y'5*$"6-.(($'$3™.3,.(,&/",/($/6,(4
,6"3,'$-(14"$1.($3"(&"(*$"K!="".($B"./3"(*$"(&(.1"6-.(($'$3".3,.(,&/")&""."%'&-$3;'$",6"$1.($3"(&"(*$"%'&-$3;'$i6

-+ 1.(,J$'KID"5*$" . +&;/("&)"6-.(($'$3™.3,.(, & (*.("P.-*$6"./3"3$1,J$'6".A6&'A$3"3&6$"(&"+$3,-.1"%$'6 &//$1",6
3$($'+,/$3"A4V

RIB*$"3,6(./-$"&)"(*$"$:%&6$3"+$3,-. 1"%$ 6&/$1") &+"(*$":_"4"6&;-$I6-.($'$3":_".4" /($/6,(4"3$-'$.6$6
%'8%&(,&/.($14"(&"(*$"6\;.'$"€)" (*$"3,6(/-$") &+"(*$"6&;-$D

P5*$"$))$-(,J$/$66"&)"6*,$13,/2"$+%1&4$3"A4" (*$"$:%&6$3"+$3,-.1"%$'6&//$1D

6.2.4.2 Physician and Medical Personnel Exposure Monitoring
8&"$:%&6$3"+$3,-.1"%$'6&//$1B"$6(,+.($6"&)".-(;.1"3&6$6"3$1,J$'$3"(&"3,))$'$/("6(';-(;'$6"./3"&'2./6"- [I&("A$
+$.6;'$3"3,'$-(14"./3"+,6("A$"-.1-;1.($3")'&+"+&3$16"3$',J$3")' &+",/6(; +$/($3"%*./(&+6D" @ &6 ("$6(, +.($6".'$
A.6$3"&/"+$.6;'$+$/(6"+.38"A4"%P$'6&/.1".3,.(,&/"+&/,(&'6"a)&'+$'14"7/&>/".6"jc1+"A.32$6KbB">* -*"- ["A$">&'/
A&(*"&;(6,3%"%'&($-(,.J$"2.'+$/(6"a.("(*$"-&11."1$I$1"&/"(*$"19$)("6,3$b"./3";/3$"%'&($-(,J$"2.'+$/(6"a.(">.,6("1$I$1bD
5*$"&;(6,3%$"A.32$"+%$.6;'$6"(*$"3&6%"(*.("'$.-*$6";/6*,$13$3"6(';-(;'$6"&)" (*$"*$.3">*,1$"(*$"A.32%$";,/3$'/$.(*
(*$".%'&/"+$.6;'$6"(*$".3,.(,&/"1$ISL"(*.("%B/B(.($6"(*$"%'&($-(,I$".%'&/"'S.-*,/2"(*$"6;AY $-(D"9))$-(,J$"3&6$"-./
A$'"&;2*14"$6(,+.($3")'&+"(*$"'$.3,/2"&)"."6,/21$"A.32$">&‘/"&;(6,3$"(*$".%'&/".("(*$"-&11.'"a/$-7b"&"',("-./"A$"+&'$
- ($14"$6(,+.($3"A4"-&+A,/,/12"+$.6;'$+$/(6")'&+"(*$"P"A.32$6D"54%,-.114B" (*$";/3$'_.%'&/"A.32$"'$.3,/2B
$% $6%/($3".6"E _.,"./3"+$.6;'$3",/";/,(6"&)"+MIB"6*&;13"A$"t M"&)" (*$"-&11.""A.32$"$.3,/2")&"./"QD _++"1$.3_
$\;,J.18/("%'&($- (J$ %'&/D"5*$"-&11."A.32$"$.3,/2",6"$%'$6$/($3"A4"E_ o ,B".16&"+$.6;'$3",/";/,(6"&)"+MID

M$I$'.1"3,))$'$/(B"A;("6,+,1. B"+&3$16")&" " A&(*"6,/21$_"/3"3;.1_A.32$".%%1,-.(,&/6"*.J$"A$S/"3$I$1&%6$3D"5*$"L 0=
a#$%&. (6"RPP"./3"RWSh"$-&++$/36"(*$")&11&>,/2")&'+:1.")&"$6(, +.(,/2"$))$-(,$"3&6$19a$6(,+.($bl)'8&+"6,/21$_"&"
3:.1 _A.32$"$.3,/26" SV$TWXU

8&"."6,/21$ A.32%$3">&'7$B"9",/";/,(6"&)"+MJ"+.4"A$"$6(,+.($3".6V
E (estimatéz = H(C0|)/21

5+$"3,,68"&)"JPRK",/"(*,6")&+;1.",6"-&/6,6($/(">, (*"(*$").- ("(*.("(*$"%'&($-(,I$"2.'+$/(6" /($-$%(". %% & +.($14
g'm"&)"(*$" /-, 38/(".3,.(,&/D"5*,6")&'+:1.".66;+$6"(*.("."(*4'&,3"-&11."6">&'"6* $13,/2"-$'J,- 1"A&/$"+."&>" /3
(*$"(*4'€,3D"T(*$"+&3$16"3$I$1&%$3")&"/&" (*4'&,3"-&11."6*,$13,/2"+.J$"3,J,6&'6"&)SRYY TWD'G*$"3,))$'$/-$
AS(>$$/"(*$6$"P"3,J,6&'6"$+%*.6,0$6"(*$", +%&'(/-$"&)"(*$"(*4'&,3"-&11.D

P*$/"P"A.32$6".'$">& /B &/$"/3S" (*$". Y&/ 13 (*$ & (*$"&IS" (" Y0 &/ ' &:/3"I$-T"1$I$1B 9" 1)/, (6"&)"+MJ",6
$6(,+.($3".6V



E (estimat¢ = 0.5 H) + 0.025H o)

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

0.:(,&/",6".31,6$3"$2.'3,/2"$2;1.(&'4"$\;,'$+$/(6" /" (*$".66$66+$/("&)"9") &+"%$'6&/.1".3,.(,&/"+&/,(&'6D
#$2;1.(&'4".2$/-,$6"+.4".38%(";1$6")&"-.1-;1.(,&/"&)"$))$-(,J$"3&6$"a&" (*$"-186$14™"$1.($3B"&13$™\;./(,(4"-.11$3
$))$-(,J$"3&6%"$\;,J.18/(0"(*.("3,))$"2'S.(14") &+"(*&6$"3$6-, A$3"*$'$D"5*,6"($:("'$d$- (6" (*$"LOH#=i6
'$-&++$/3.(,&/6")&"$))$-(,I$"3&6$"a.6"8&%%&6$3"(&" (*$"6&+$>*.("3,))$'S/("$))$-(,J$"3&6$"$\;,J.1$/(bD"#$2;1.(&'4
28/-,$6"3&"1&("*.I$"(&".3&%6("(*$"$-&++$/3.(,&/6"&)"(*$"LOH=" /"(*$,""; 1$6" /3"+.4"-*&&6S"+&'S"$6(',-(, IS
+$(*8:36"8)"$6(,+.(,/2"$2;1.($3"%$'68//$1"$:%&6; $6D

6.2.4.3 Exposure Levels for Operating Physicians
@;1(,%1%$"6(;3,$6"*.J$"$/3$.J&'$3"(&",3%/(,)4"."\;./(,(.((I$"$L.(,&/6*,%"AS(>$$/"."%'&-$3;'$i6"-;+;1.(,J$"K!="./3
(*$"9$))$-(,J$"3&6%"(&"&%$'.(,/2"%$'6&//$1D"5*$'$",6"/$-$66.",14"-&/6,3%" . A1$"].",.(,&/".+&/2"$6(,+.($6D"M&;'-$6" &)
J..( & /-1;38"&%$.(&'61"3,6(./-$")'&+"(*$":_".4"6&;"-$"./3"(*$"3$2'$$"./3"$))$-(,I$/$66">, (*">*,-*"&%$'.(&'6
$+%18&4"6* $13,/2"(&"%'&($-("(*$+6$1I$6D"5*$"3&6%$"(&"&%$".(&'6"%$" AX& (*$"%. (,$/("*.6"3$-'$.6$3"+&3%".($14
&J$"(,+$">,(*"$\;,%+%/(",+%'&IS+$/(B",/-'$.6$3"&%S".(&™.>.'"$/$66B"./3"AS(($";(,1,0.(,&/"&)"6*,$13,/2D"5*$"+&6(

aL&($"(*.("(*$"$6(,+.($3"%. (,$/("$:%&6:'S",6"PQQ":MIX14x-+P'6:22$6(,/2" (*.("%.(,$/("$:%&6:'$",6&:2*14"PQQQ"(,+$6
8%$'.(&"$:%&6;'$Db"1%6%14,/2" (*$6$"J.1:$6B"."j(4%,-. 1k"-&+A,/$3"-&'&/.'4" ($',&2" +".13"6(".,2*()&'>.'3"-&'&/.'4
J($'IS/(,&).1"%'&-$3:'5"(,1,0,/2" "+ 1.(IS"KI="8)" Q"ldx—+  P>&13"3$1,I$"."":MI"$))$-(,I$"3&6$"(&" (*$"%*46,-,./
8%$'.(&"6(/3,/2"&: 24 14" R"+$($") &+"(*$"-$/($"&)"(*$"%' +.'4"A$.+">* 1$"3$1,I$',/2"RQ"+MJI"(&"(*$"%.(,$/(D

TAG$'J.(,&/.1"3.(." /3,-.($"."%$_%'&-$3;'$"8%$".(&"3&6$"./12$")'&+"QDP"(&"ZS";MJ">,(*"(4%,-.1"+$3,./"J.1;$6"A$,/2
M SHETWBU/'&%$'. (& %$)&'+,/2" QQ"%'&-$3;' $6X4$.".("."(4%, . 1"$))$-(,I$"3&6$"&) " ":MJI"%$"%'&-$3;'$B">&; 13
AS"$:%6$-($3"(&"$-$,I$"."(&(.1"$))$-(,J$"3&6$"&)"PD "+MIX4$. 1>$11"A$1&>" (*$"UOH=""$-&++$/3$3"3&6$"1,+,("&)"PQ
+MIX4A$.D"U(",6",+%6&" (/("(&"%&I("&;("(*.("(*$6$"$6(,+.($6".'$"A.6$3"8/"$))$-(,J$";6$"8)". 11"%'&($-(,J$"+$.6;'$6D

5*$6$"$6(,+.($6"8)"8&%$.(,/2"%*46 -, ./"$:%8&6;'S".'$"$%'S6S/(.(,J$")&"%*46,-,./"&%S$'.(&'6">*&".'$" /"(*$"-1&6$6(
%'&:,+,(4"(&"(*$™.3,.(,&/"6&; -$D"5*$"$:%&6;'$" (& &(*$"+$3,-. 1"%$ 6 &/S1">*&" '$" /" (*$"%'&-$3;'$ " &&+"A; ("/&(" ]
+4$3,.($"%'&:,+,(4"(&"(*$".3,.(,&/"6&; -$">8&: 13"A$"$: %$-($3"(&"A$"1$6613$-'$.6,/2".6"(*$"6\;.'$"&)"(*$"3,6(./-$
)&+"(*$"6&;-$D"5*;6B"."6-;AA$3".66,6(./(B">*&">&; 13"A$" %% '&: +.($14"(>,-$".6").") &+"(*$"6&;-$B">&: 13"A$
$:06$-($3"(&"'$-$,J$"&;2*14"&/$_)&;'(*"(*$"$:%6&6;'$"&)"(*$"%', +.'4"&%S'.(&D"=$'6&//$1">*&" '$"- ' 1.(,/2" " (*$
'&&+".("."3,6(/-$".("15.6("["(,+$6"(*$"3,6(./-$") &+"(*$"6&;-$".6"(*$"%" +.'4"8&%$'.(&">&:; 13"A$"$: %$-($3"(&
'$-$,J$"8:2* 14" RXRW"&"1$66"&)" (*$"38&6$"'$-$,J$3"Ad" (*$"%' +.'4"8%$".(&D

6.2.4.4 Radiation Protection Considerations for Pregnant or Potentially Pregnant Occupationally Exposed

Workers

16"3,6-;66%$3",/" M$-(,&/" D[DB".1(*&;2*".3,.(,&/"$:%&6;'$"(&" (*$"*;+./"$+A'4&"./13")$(;6"6*&;13".1>.46"AS$
+,/,+,0%$3"a.6",6"(*$"-.6$">,(*".11"*;+./"$:%&6;'$bB"/&"+3$.6;' A1$",/-'$.6$",/".3]$'6$")B(.1"&;(-&+$6"*.6"ASF/
3B($-($3".(")P(.1"&"S+A'4A&/,-"$:%&6;'$6"t Q"+14D"8& "' &--;%.(,&/.114"$:%&6$3">&'7$'6",/"./"._".4"d;&'&6-&%04
$/3,'&/+$/(B"%'&%$"6*,$13,/2"./13"%".-(,-$6"6*&;13"7$$%";($',/$"$:%&6;'$6">$11"A$1&>"(*,6"1$I$1") & (*$"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" @%$.6;'$+$/(6"+.3%",/
%*./(&+6",/3,-.($"(*.("(*$";($',/$"3&6%",/"."6;AYS-(">$.',/2"."QDP"_++"1$.3"$\;,J.1$/(".%'&/",6"tPM"&)"(*$"-&11.'

>&;13"$\;,'$" /" -;+;1.($3"-&11."A.32$"3&6$"&)"PD 14D



1"06'$2/./(")$+.1$"&-;%.(,&/.114"$:%&6$3">&'7$"6*&;13">$.B" /".33,(,&/"(&"(*$"-;6(&+.'4"-&11."c1+"A.32%$B"./
A&+ [ 1"A.328">& 133" (" W' &I (&"S6(+.($"(*$"($ /3 386D 5*,6">, L1"IF' ) 4" (*.("(*$"($ /$"3&68",6">,(* /("
2% (*.(",6"-8&/6,35'$3"(&"AS"6.)$")&" (*$")B(:6D"<$(., 1$3"$-&++$/3.(,&/6")&" %' &($-(,&/"&)" (*$"%'$2/ /(&'
%0&($/(,.114"%'$2//(">&'TS" /" (S ISI(,&/.1".3,&1824" I$"ASS/"%:AL,6+$3B" /3" (*$6$".'$"3,'$- (14" $1$J./("(&
-.'3,&1824"8&%$'.(&'6"./3"6(.))" SW[D'N& (/.($14B"."$-$/("6;'I$4" /3,-.($6"1&>".3*$'$/-$"(&"6;-*
'$-8++$/3.(,&/6D"T/14"PQM"&)">&+$/"$%&' ($3"(*$":6$"&)")$(.1".3,.(,&"A.32$6">* 1$"%.'(,-,%.(,/2" /" 3,&2".%* -
+.2,12"%'&-$3;'$6">*,1$"%'$2/./(B"./3"P[M"$%&' ($3":6,/2".33,(,&/.1"1$.3"%'&($-(,&/D"TI$"WQM"$%& ($3"$, (*$'
* J/2"18">&T%L - $"%&1,-4" &/ "%'$2] I-4"&" " AS,12":1.>.'$" )" (*$,"35%. (+$/("+.3"."%&1,-4"$2.3,/2" 3,.(,&/
$:9&6:$"3;,/2"%'$2/./-4"  SX"D"5*:6B".1(*&;2*",(",6"-18." (*.(">,(*".3\:.($"%'$-.;(,&/6" /3" %'&($-(,&/"."%'$2/./(
*$ 1% >& TS - S S& T I A& &B-8%64" S/, &I+SI(">, (*&; ("3B($-(AL4"Y$&Y%.'3,0,/2"$")$(;6" SXH#TX®S'.11
>&'7%1.-$6"6*8;13"3$I$1&%" /3"$/)&-$"("../,/2" 13" %&1,-, $6"'$2.'3,/2"+&/,(&'/2".13".3,.(,&/"$3;-(,&/
06'&-$3:'$6")&"%'$2/./("&%S'.(&'6"./3"6(.))"  SX"D"5*:6B",(",6"-18."(*.(">,(*".3\;.($"%'$-.;(,&/6"./3"%'&($-(,&/".
0O'$2/ /(. 1(*-. 'S >& TS - ["S&T" [ " A& &B-&Y%A ST, &I+SI("> (& ("3B($-(AL4"Y$&Y%.'3,0,/2"$")$(;6
SX#TXI

6.3 X-Ray CT

6.3.1 X-Ray CT Subject and Operator Dose Issues
11(*&;2*":_'.4"05B"1,7%":_'4"d;&'&6-&%4B",6"./"$:($'/.1"A$.+"$:%&6;'$"($-*/,\;$B";/1,7$":_'.4"d;&'&6-&%4B"(*$
J-,.3%/("AS.+",6"3,6(,A;($3"-,-:+)$'$/(,.114".'&;/3"(*$"6;AY$-(D"0&/6$\;$/(14B":_'.4"05"6;AY$-("67,/"3&6$6"6*&;13
1$I$".%%'&.-*"1$I$16"(*.("-&;13"-.;6$"67,/",/Y;'4D"a5*$"%&($/(,.1")&"67,/",/Y;'4"$:,6(6",)"6-.//$'6".'$", +%'&%$'14

- 1LA.($3"&™,)"+;1(,%1%$"6-./6"&)"(*$"6.+$"A&34"$2,&/".'$" %P &'+$3"-1&6$" (&2$(*$™,/"(,+$Db"5*;6B") & (*$":_".4"05
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6.3.2 Basics of Operation of an X-Ray CT Unit
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6.3.3 X-Ray CT Measures of Subject Exposure
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6.3.3.6 DLP: A Measure of the Total Dose Absorbed by the Subject
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6.3.4 X-Ray CT Measures of Effective Dose
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6.3.4.1 X-Ray CT Measures of Effective Dose in Children
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6.3.5 X-Ray CT Dose Alert Monitoring
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6.4 Patient and Personnel Exposure in Nuclear Cardiology

6.4.1 Patient Exposure in Nuclear Cardiology
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6.4.2 Personnel Exposure in Nuclear Cardiology
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7.1 General Principles
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7.1.1 Case Selection
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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
<,2,(.1" 4" +.2,/2"646($+6"8&%$".($",/"Z"+&3$6" (*.("$+%18&4"3,))$'S/("3B($- (& 3&6$6"(&".-*,$I$"3,))$'$/(", +.2$
6%.(,.1"$6&1;(,&/"'ab63F=C832%%"$:.+%1$6bD
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'$6&1;(,&/D"81;8'&6-&%4", 6" /($/3$3"(&"%'&J,3$"J,6;.1"2;,3./-$")&"-.(*S($"+./,%: 1. (. &/"A; (1&("(&"2$/$'.($
+.2$6"6:,(AL1$")&".[.(&+,-"3,.2/86,6D"54%,-.1"d;&'&6-&%,-"3&6$".($6™./2$"AS(>$$/"PQ"./3"[Q"/14X)".+$D

PD262%&:\8=7=4=56F/($'+$3,.($"3&6$"%$") . +$" +.2,/2"%'&(&-&1" /($/3$3"(&"%'&J,3$"3,.2/1&6(,-"\;.1,(4
+.286")&™.*,J,/2"13"3,.2/&6(,-" /($'%'$(.(,&/D"0,/$".-\:,6,(,&/" +.2$6"+.J$"$3:-$3" +.2$"/&,6$

“&+9%.'$3">,(*'d: &'&6-&%,-" +.2$6"A; ("6%&;13"6(,11"*.J$"J,6,A1$"/&,6$D"54%,-.1"-,/$".-\:,6,(,&/"3&6$".($6".'$
S (S 12$"8) " PQQ"/14X) . +$D"U/($'%'S(.(,&/"&)" (*$6$"6&+$>*.("/&,64" +.2$6",6")'$\;$/(14".,3$3"A4" ], 6;.1

3&6$"%$") . +$")&"-,/$".-\;,6,(,&"(*.("*.6"A$S/"6$1$-($3"(&"%'&I,3$"./"&%(,+.1"A.1./-$"AS(>$$/"3&6$"./3
,+.2%"/&,6$D



ZDP=C=4>7%+8R43>:4=56%&?CE3E4127$6("3&6$"%$") . +$",+.2,/2"%'&(&-&1")&"3,2,(.1"6;A(.-(,&/
12&,(*+6D"<,2,(.1"6;A(.-(,&/"$/* /-$6"(*$"3,6:.1,0.(,&/"&)"1&>"-&/-$/(.(,&/"&)":_".4"-&/(.6(B"$/.AL,/2
6+.11$"-&/(.6("3&6$6D"E&>$ISB AS$-.;6$"3,2,(.1"6:A(.-(,&/". 12&" (*+6".'$"* 2*14"6$/6,(,J$"(&",+.2$"/&,65B
* 2¥'386$6"06$") . +$".'$/$$3$3"(&"S/. ALS (*$"6;A(.-(,&/". 12&",(*+6"(&"):/-(,&/"$))$-(,J$14D"0&/6$\:$/(14B
3,2,(.1"6:A(-(,&/" 12&",(*+"%3$") . +$"386$".($6".'S"+:-*"* 2*$"a(4%, - 114"RBPQQ"/14X)".+$b"(*./")&"- /$
-\,6,(,&/D

7.2.3 X-Ray System Calibration, Operation, and Dose

A 40 &'&6-&%4"646($+6".'$"(4%,-.114"3$6,2/$3"(&".3Y;6("(*$"3&6$"(&"(*$"3B($-(&".; (&+.(,-. 114" (&".-* $I$".
%'&2'.++$3",+.2$"A', 2*(/$66D"5*$"3&6$"(&" (*$"3$($-(&",6"6$("A4" (*$"646($+"-.1,A".(,&/D"0;"$/(".3,&1&2,-.1
$\;,%+$/("*.6"6$1$-((A1$"8%$".(,/2"% &(&-&16"(*.("-./".'4"(*$".3,.(,&/"3&6$"%$") . +$"$+%184$3")&"d; &'&6-8%4
J3"(*$") . +,/12".($M) & A&(FD; &'&6-&%4"./3"-,/$".-\;,6,(,&/D"9\;,%+3/("&%$'.(&'6"6*&;13"A$").+,1,.">,(*"(*$";6$6
13"-.%.A,1,(,$6"&)"(*$"3,))$'$/("&%S$".(,/2"%'&(&-&16"./3"6*&;13"651P-("(*$"% ' &(&-&1"(*.(",6"+&6/(".%%'&%,.($") &™.
%.'(,;-;1."%.(,$/(i6"-1,/,-.1"-,'+6(./-$6"  SV$T VU

1("."(4%,-.17)"+,/2".($78) R ") +$6X6">, (*"."(4%,-. 1" _+6"%;16$"3;.(,&/B"(*$"_"4"A$.+",6"&/14"&/") & "+6"&)" (*$
WWDe"+6"&--;%,$3"A4"$.-*"J,3$&") . +$D"0;"$/("3,2,(.1"J,3$&"646($+6"$+%1&4" +.2$"2.%_c11"(&"$1,+,.($"(*$"+.2$
d,-7$,/2"(*.("*,6(&' ;- 114" --&+%./,$3"6 1&>")". +$" ($6D"E&>$I$B". 1 (*&;2*"2.%_c11".J&,36"(*$"d,-7$",/"(*$"J,3$&
+.28"%'$63/(.(,&/B",("3&$6"/&(" +%'8I" ($+%&". 1"$6&1;(,&/D"M1&>"). +$".($"d;&'8&6-8%,-"./3"- /$".-\;,6,(,8/6B
1(*&;2%"2.%_C11$3B™*.J$" /"&AL 2.(&'4"Y$T4\;.1,(4"A$-.;6$"8)"(*$"1&/28$™ /($ . 1"AS(>$$/") +$6D

5+$"2&.16"./3"%;' %&6$6"&)"."%. (1. $:.+,1.(,&/"35($+,/$" (*$"&%(,+.1"A. 1.I-$"AS(>$$/".3,.(,&/"$:%&6;'$"./3

(*$" +.28$16"6%.(,.1"./3"($+%&". 1"$6&1;(,&/D"8&"$:.+%6 1$B")&": " 4"d;&'&6-8%64B"(*$"6%.(,.1"./3"($+%&" . 1"$6&1;(,&/
B\, '$3M & 2B/ 1" (*B($" % L. -$+S/("./3"+.1,%;1.(,&" 6" LS66" (*./"(*.("B\;,'$3"(&" %) &' +"-&'&/.'4"&"6 (';- (. 1

23, (SIS, 8. 1"%'&-$3;'$6D"0&/6S\;$/(14B" /"(*,6".%%1,-.(,&/B"61&>$") . +$".($6"./3"1&>$"386$6"%S$") . +$

- I"AS"6$3"(&"$3;-$"$:%6&6;'$">, (*&;("-&+%'&+,6,/2"-1,/,-.1"$))$-(,J$/$66 D
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3$(.,1",/"6;A6$\;$/("6$-(,&/6D

7.2.3.1 Temporal Resolution Issues and Dose Tradeoffs
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%'$6%/(.(,&/".2.,/6("(*$"3&6$"'$\;, $3"A4"(*$")".+,/2" ($D

81;8'86-&%,-"($+%&" 1"$6&1L:(,&/"S\:, $+$/(6"].'4"6:A6(./(,. 114"35%$/3,/2"&/" (*$"$:.+,/.(,&/i6"%: % &6$D"I1$/$'. 1
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00'&-$3;'$6"6;-*".6"-&'&/.'4" 13"6(:-(;. 1" /($IB/(,&/6™S\;,'$"2'S. (3" ($+%8&" . 1"$6&1;(,&/"./3"$+06184") +$".($6
A$(>$$/"RQ"(&"R™").+$6X6D
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&)"RQ"(&"R™").+$6X6",6"2$/$'.114".33\;.($D"8&".3;:1("I/(',-; 1&2". %*4B"ZQ") . +$6X6",6"%'$)$"$3"(&".-*, $I$"+&'$
%'$-,6%",38/(,C-.(,&/"&)"$/3"3,.6(&1$"./3"$/3"646(&1$D"U/"%$3,.(,-".%%1,-.(,&/6B")".+,/2".($6".6")'$\;$/(".6"WQ

) +$6X6".'$"&--.6,&/.114"/$$3$3D



7.2.4 Determinants of Total Dose for an Exposure

7.2.4.1 Dose Per Frame and Framing Rate
5*$"(&(.1"3&6$")&"."%."(,-;1."'$:%8&6;'$",6"(*$"%'&3;-("&) " (*$"3&6$"%$ " %;16$"./3"(*$"(&(.1"/;+A$"&)"%;16$6",/" (*$
$:%&6;'$D"5*;6B"Z"%.".+$($'613&6%$"%$""%;16%"a,/"/14"%3$""%;16$bB" (*$"%;16$".($"a,/"%;16$6"%$"6$-&/3bB"./3"(*$
$:%&6;'$"3;".(,&/"a,/"6$-&/36bI-&+A,/$"(&"3($'+,/$"(*$"(&(.1"3&6$") & ./"$:%&6;'$D

8&"d; &' &6-&%4"+&3$B"-;"$/(":_".4"/,(6"(4%,-.114"%'&J,3$"Z"((A1$6,3$_6$1$-(.A1$"d;&'&6-8%64"3($-(&"3&6$6"%$'
). +$"1$I$161(*$6$"3&6$6"%'&3:-$"3,))$'$/("3$2'$$6"8)" +.2$"/&8,6$" /3" ((A1$6,3$"d: &' &6-8%64"%; 16$".($6"./2,/2
)&+""(&"ZQ"%;16$6X6D

88" 1$".\:,6,(,&/"+&3$B" (*$"3B($-(&"3&6$"%$"%; 163", 6"6$("A4" (*$"6$'J,-$"$/2,/$$D"5*$"&Y%$' (&~ /"6$1$-(".+&/2
+:1(,%1$"%;16$".($6D

5%$"&06(,+.1"%." +$($6$((,/26")&"."d:&'&6-8%,-"$:.+ 1. (,&I"&" "~ I$"\;,6,(, &/ /" $"3F($+,/$3 AL (*$
%.(,$/(16"%.'(,;1."-, ' +6(.1-$6B">*,-*" ))$-("3,.2/&6(,-"'$\;,'$+$/(6")&"6%.(,.1"./3"($+%&". 1"$6&1;(,&/D"5*$

893" (8" 6"$6%6&/6,A1E") & 3($'+,/,/12" ($"8Y%$'.(,/2"%." +$($'6"a3&6$ %S %: 165" /3"%: 165" ($b"(*.("A. 1./-$"(*$
3,.21&6(,-"$\;, $+$/(6"&)" +.2$"69%.(,.1"./3"($+%&". 1"$6&1;(,&/" /3" (*$"3&6$".66&-,.($3">, (*"(*$"$:.+,/.(,&/D

7.2.4.2 X-Ray Imaging Field Size and System Positioning

2%, 1$"(*$"3&6%$"%$"%;16$"./3"(*$";+A$ &) "%;16$6"3H($'+,/$" (*$" (&(.1"3&6%$",/($/6,(4"a,/"14b"3$1,I$'$3" (&" (*$"%.(,$/(E
(*$"%'&3;-("&)"(*$"(&(.1"3&6$"./3"(*$",+.2,/2"c$13"6,0$"3$($'+,/$6" (*$"(&(.1".+&;/("&)™".3,.(,&/"$/$'24"a$:%'$66$3
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6,0$"6$1$-($3"./3"646($+"%&6,(,&/,/2D

2% 1$"$3;- /2"KI=" 6"A$/$C-,. 1"(&" (*$"%. (,$/(B",(",6".16&"AS/$C-,. 1"(&"(*$"&%6$'.(&"./3"/$. A4"+$3,-. 1"%$'6&//$1B
A$-.;6$"6-.($'$3";_".4"386%"a(&" (*$"&%S".(&"./3"/$.' Ad"%$'6&//$1b", 6"3,'-(14"$1.($3"(&"KI=D"0&/6$\;$/(14B" (*$
8%S$'.(&"*.6"."%$'6&/.1" /($'$6("(&"+,/,+,0$"K!=D

cN*>1%-;>C=6C%P=27D%+=B2

0;"$/(";_".4"646($+6"1,/7"A", 2(/$66"6(.A,1,0.(,&/"3B($-(,&/"(&"."-&11, +.(&"%&6, (,&/"(*.("6.+%1$6"&/14" (*$"3($- (&'
B8, /2" (5811, +.($3"_4"AS.+D"0&/6S\;$/(14B" (*$"386$"%$"%; 16$"(&" (*$"3B($-(&",6"/&(".))$-($3"Ad
-&11,+.(&"%&6,(,&/D"E&>$I$B"(*$"KI=",6"3,'$-(14"$1.($3"(&"(*$"6,0$"&)"(*$" +.2$3".'$.D"5*$"-&/6%\;$/-$"&)"(*,6
Uo*$/&+$I&I",6"(*.(B".("."2,J$/"3B($-(&"O&&+"a+.2/,C-.(,&/"&" /% ("%*&6%*&"6,0$b"+&3$B"6+.11$" +.2$".'$."6,0$6
3$1,J$"%'8&%&'(,&/.($14"6+.11$"KI=6D"5*6B".("."2,J$/"3$($-(& "O8&&+"+&3$B"'$3:-,/2"$:%6&6$3"c$13"6,0$"Ad
-&11,+.(,&/"(&"(*$"6+.11$6("6,0$"/$-$66.'4"+,/,+,0$6" (*$"KI="(*.("(*$"%. (,$/("'$-$,J$6D"5*,6",6"/&("(;$")&""-*.12,/2
3$($-(&"O&E&+"+8&3$6D"<H($-(&""3&6$"%$"%;16$",/-'$.6$6".6"(*$"O&&+"+.2/,C-.(,&/" /-'$.6$6D"5*:6B") &" (*$"6.+$
(1", +.2$"6,08B" (*$"K!="3$1,J$'$3"A4" /*:/-& 11 +.($3",+.2$".("."2'S.($"O&&+"+&3$",6"2'S.($" (*./" /" . +.2$"&)
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CN*>1%+1742;%H57=4=56=6C

5+$'$",6"./"&%(,+.1"3,6(/-$"AS(>$$/" (*$"%. (,$/(i6"67,/"6;).-$"./3"(*$"_".4"6&;"-$"a(4%,-.114" %% &: +.($14"eQ"-+bD
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' 67D"U)"(*$"%.(,$/(",6"%&6,(,&/$3"(&&").") &+"(*$":_"4"6&;-$B"(*$", +.2$"$-$%(&"/$-$66.", 14"+:6(". 16&"A$"%&6, (,&/$:
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(&"(*$"3$($-(&'D"11(*&;2*"(*,6"1.(($"%&6,(,&/,/2"3&$6"/1&(" /-'$.6$"%.(,$/("$/(.I-$"%&' ("6 7 ,/"$:%&6;'$".($B",/-'$.6$3
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A4 3H($-(8 V&6, (,&1,12" 6" 16&" " +%& (/("3B($+,/./("&) " 3&6$"(&" (*$"%. (,$/(".6">$11".6"(*$"$:%6&6: $"(&"+$3,-.1
%$'68//$1")&+"6-.(($',/2D"U)" (*$"3$($-(&"",6"%&6, (,&/$3"6;A6(./(,. 114" A&IS"(*$"(*&'.:B"(*$" +.2$"+.2/,c-.(,&/
-;6$3"A4"AS.+"3,J$2$/-$">,11"33-'$.6$"(*$"6,0$"&)"(*$"AS.+"$/("./-$"%&' (B"-.;6,/2"(*$"%.(,$/("(&"$-$,J$"."1."2$'
67,/"386$D"U/".33,(,&/B"(*$":_".4" +.2%"3$($-(& B">*$/"06&6,(,&/$3"-1&6$"(&" (*$"%.(,$/(i6"-*$6(B" /($-$%(6"."6;A6(./(,.1
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7.2.5 Procedures and Practices to Minimize Patient and Personnel Exposure
G$-.:6%"6&"+./4"].".A1$6".))$-("%.(,$/("./3"+$3,-.1"%$'6&//$1"$:%86;'$B"(*$'$".'$".A:/3./("&%%& (;/,(,$6" (&
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7.2.5.1 X-Ray Equipment Quality, Calibration, and Maintenance
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6%$-,c-.(,&/6D"8.-,1,(4"-1,/,-.1"1$.3$'6*,%"6*&: 13"-&11.A&".($">,(*"(*$":_".4"646($+"I$/3&" /3" (*$" /6(,(;(,&/i6
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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 Checkilist 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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\;.1,(4D"5.28("*$.'(".($6">,11"35%$/3"&/"6-.//$"*."3> "$B"A; (" /"2$/$". 1" "$2; 1. HA(H">, (<" ($6" /" (*$"./2$"&)
"Q"(&"eQ"A$.(6X+,/",6"%'$)$"$3D

5+$"3&6$"3$1,J$'$3"A4"(*$"$:.+,/.(,&/"- /" 16&"AS" /d;$/-$3"6;A6(/(,.114"Ad"$:.+,1.(,&/"-&I3;-("3$-,6,&/6D"5*$
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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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8R2%154264=9E3,$6"8)".3,.(,&/"3&6$"$3;-(,&/"*.I$"3$+&/6(.($3"(*.("(*$"+&6 (", +%& (/("6,/21$").-(&",/
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3Y:6(+$/("6-.1$"(*.("%'&J,3$6"3,.2/&6(,-"\:;.1,(4" /"+&6("6-.//$'6"6V"RPQ"7TF")&"%.(,$/(6">,(*"A&34"+.66
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U+.2$"/&,6$"3$-'$.6$6".6"%&($/(,.1",/-'$.6$6B"6&" (*.(",/"$:($+$"-.6$6"aA&34"+.66",/35:"  $[Q"72X+ D" (*$

+o, 4 CAS %&($(,. 1"&) "R Q" TF"+.4"A$"/$-$66.'4"(&"%'&3;-$"3,.2/&6(,-"\;.1,(4",+.2$6D"0&/6$\;$/(14B
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6"1,/$.14"%'&%&' (,&/.1"(&"(*$"(A$"-"$/(D"U+.2$"/&,6$" 6" /I$'6$14"%'&%&' (,&/.1"(&"(*$"6\;.'$"&&("&)"(*$"(;A$
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(*$">, 3(*"&)"(*$"3$($-(&".".4B"./3" J&(*$"6-./"$/6;$6 D"5*$"%6'&-$66",6$%$. ($3"/(, 1"(*$");11"./.(&+4"&)



J($'$6("*.6"A$S/",+.2$3D

)22=:>2%7:>66=6&+A,/$6"-&/(,/:&:6"2./(4"&(.(,&I">,(*"-&/(/:&;6"(AL$".3]./-$+$/("(&"(.-$".
-&/(,2;&;6™$1,-.1"&"6%, . 1K"%.(*") &+"(*$"&', 2,/"(&"(*$"($'+,/;6"&)"(*$"6-./D"5*$".(,&"&)"(*$">,3(*'&)"(*$
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$:96&6:'$")&"*$1,-.1"6-./1,/2".("."%,(-*"&)"R",6"-&+%. AL$"(&".;,.1"6-.//,/2D"2*$/"(*$"%, (-*" 6 "tRB"(*$".3,.(,&/
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7.3.4 Summary Checklist of Dose-Sparing Practices 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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7.4.4 Procedures and Practices to Minimize Patient Exposure
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7.4.4.1 Radiopharmaceutical Choice
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1&],+.2,12"%:$'- 6$"6('$66",6"%$)&'+$3D

=05i6™.3,.(,&/"3&6%$".3J./(.2$",6"61,2*(14"&))6$("Ad" (*$").-("(*.("=95" +.2,/2"$\;,'$6".(($/;.( &/"-&"$-(,&/B">* -*
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7.4.4.2 Imaging Protocol Choice
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(*$"C'6("38&6$6">,11"*.J$"3$-.4$3"A4" (*$"(,+$"(*$"6$-8/3"38&6$",6".3+,/,6($'$3"a(4%,-.114"PQ"(&"ZQ"+0,0D"E&>$I$B"
5- gg+'6.+$_3.4"6('$66_'$6("%'&(&-&1B"(*$"C'6(".3+,/,6(.(,&",6">,(*"."1&>$"38&6$"a(4%,-. 114"RQ"+0,b" /3" (*$"6$-&/3
$+061&46" " 2*$"3&6$"a(4%,-.114"ZQ"+0,bD"5*$"A.6,6"&)" (*,6"6(.($24",6"(*.("(*$"* 2*$"'3&6$"&)" (*$"6$-&/3
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7.4.4.3 Image Acquisition Practices
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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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0$'(,c-.(,&"./3"$-$'(,C-.(,&" /"-."3,&J.6-;1."05"- ["A$".-*,$I$3" /"]." &;6">.46D"5*$"MO005"$/3& '6$6" (*$
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166&-,.(,&"-1,/,-.1"-&+%$($/-$"6(.($+$/("  SHIUD"5*$"M005".16&"&))$'6"3$6,2/.(,&/".6"$11&>"(&"+$+AS'6">*&"6*&>
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133./-$+$/(B".3+,/,6(3'6"."-$'(,C-.(,&/"$:.+,/.(,&"(&"3&-+$/("j+.6($'4"&)"."3$C/$3"A&34"&) " T/&>1$32$K" SHIVID
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8.4 Nuclear Cardiology Techniques

8.4.1 Physician Responsibilities
L;-1%."-.'3,&1&24"$\;,%+$/(";6$3")&"-.'3,&J.6-;1.",+.2,/2"*.6".".[12$"&)"-.%.A,1,(,$6"./3"-&+%1$:,(4"6%.//,/2
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6$1$-(,&/B"+.,/($/./-$"./3"-. 1, A".(,&B"./3" +.2,/2"%'&(&-&1"%&1,-, $6"6&" (*.("(*$").-,1,(4">,11"2$/$".($"-&/6,6($/(14
* 2% \:.1,(4" +.2%$6">* 1$"+,/,+,0,/2"%.(,$/("3&6$D"5*$"%*46 -,./"3,'$-(&"+;6(". 16 &"AS").+,1,.">,(*"(*$">&'7,/26"&)
(3" 16(;+$/(.(&/"AS,/2"6$3"(&"A$". AL$"(&"$-&2/,0$"./13",35/(,)4"6,2/6"&)"$\;, %+$/("+.1);/-(,&/D"5*$"%*46,-,./
3,'$-(&"+;6("A$"./".;(*&',0$3";6$B",6"$6%&/6,A1$"(&"&I$'6$$".11".6%$-(6"&)"(*$".3,&%*.'+.-$;(,-.1";6$B"./3",6
'$6%&/6,A1$")&" (*$"-&/3;-("&)" (*$"($-*/&1&2,6(6">*&".'$".3+,/,6($',/2".3,&%* "+ .-$;(,-. 16"(&"%.(,$/(6"./3

-\;, 12" +.2%6D

8.4.2 Summary of Current Regulatory Requirements
L;-1$."-.'3,&1&24",6"6:AY$-("(&"-&/6,3%'.A14"2'$.($"28&I$+$/(.1"$2;1.(, & (* 1" (*$"&(*$"".3,.(,&_A.6$3",+.2,/2
+8&3.1,(,$6D"5*$'$".'$"+;1(,%1$"$2;1.(&'4"$\;,'$+$/(6"(*.("2&IS/"/;-1$." +.2,/2"%'&-$3;'$6D

8.4.2.1 Authorization to Prescribe Radiopharmaceuticals

#.3,&%*.'+.-$;(,-.16".'$";/3%$" (*$"%;'J,$>"&)"(*$"8<!"./3B";/3$"8$3%.1"1.>B"-./"&/14"A$".3+,/,6($'$3"(&"%.(,$/(6
A4"."%'$6-',%(,&/"&)"."%*46,-,./">*&"*.6"6.(,6c$3")$3$".1"aL#0b"-",($',.")&"6(.(;6".6"./";(*&',0$3"]6$al]bD"!]
6(.(;6",6"&A(.,/$3"A4"+$S(,/2"(*$"1$2.1"-"($',."&)"(*$"L#0".6"1$2.114"&;(1,/$3",/"RQDO8#DZ DFEHXU./3
RQDO08#DZ DPgAYV)&"jU+.2,/2"./13"H&-.1,0.(,&/DK"G&.'3"-$'(,c-.(,&/"A4" (*$"1+$',-./"G&."3"&) "'L;-1$." @$3,-,/$B
1+$',-./"G&.'3"&)"#.3,&1&24" /"<,.2/1&6(,-"#.3,&1&24"./]3X&"'L;-1$."#.3,&1&24B"&"' (*$"G&.'3"&) "L ;-1$."0.'3,&1&24
"$"%.(*>.46"(&"]"6(.(;6B"A%$-.;6$"(*$6$"-$'(,c-.(,&/"$:.+,/.(,&/6"+$$("RQDO8#DZ "-',($',.D



5*$"$3:-.(,&/".13" (.. 112" B\;, ' $+$/(6"(&"AS"./"1]".'$",66:$3"A4" (*$"L#0"./3"6%$-,)4"3,3.-(,-"./3"%".-(,-.1
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$:99$',$/-$D"11(*&;2"%.66,/2"."-$'(,)4,/2"$:.+,/.(,&/"3$I$18%$3"A4"R"&)" (*$"%'$J, &6 14"+$/(,&/$3"&'2./,0.(,&/6
%6'&J,3$6"$J,35/-$"8)"]"$1,2,A,1,(4B"6(.(;6"-./". 16&"AS" %% &I$3"&/" (*$"A.6,6"&)". ($6(.(,&/"&)"(..//2"A4" /"D

L#0"]"6(.(;6",6"6%$-,c-"(&"%.'(,~:1."-.($2&',$6"&)".3,&%*.'+.-$;(,-. 1":6$B"6:-*".6"3,1;(,&/"6(;3,$6B", +.2,/2" /3
1&-.1,0.(,&/"6(;3,$6B"./3"J. & 6"(*$'.%$;(,-";6$6D"U/"2$/$. 1B"(*&6$".;(*&', 0$3"&/"(*$"A.6,6"&)"0GLO"-$'(,c-.(,&">,11
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)&11&>$3D

8.4.3 Operator Training/Education Requirements
16"3,6-;66$3",/"(*$"%'$J,&;6"6$-(,&/B"+;-*"&)"(*$"("../,/2"$\;,'$3")&"*./31,/2" .3,&%*.'+.-$;(,-.16"./3") &'
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\i.1,(4"/3"'$" /($/3$3"%' /- %.114"M) & ($/;.(,&/"-&"$-(,&/" /3" [.(&+,-"1&-.1,0.(,&/B"(*$'$",6" (*$"%6&(S/(,.1"(*.(
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H($%'S(.(,&/6"6*&;13"AS"+.38">, (*"(*$"-.I$. ("(*.("(*$"05" +.2$6".'$"/&("&)"); 11"3,.2/&6(,-"\;.1,(4D

[%608>?7=41%8&7783>6:2

9.1 Introduction and General Principles
"&A;6("\;.1,(4".66;./-$"%'&-$66",6"-$/(.1"(&"(*$"6.)$"./3"$h-,$/("&%$".(,&/"&)".14"-1,/,-.1"6$'],-$"./3",6
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>, (*"%'&-$3;'$6"(*.(";(,1,0$",&/,0,/2".3,.(,&/D"G$-.;6$".3,.(,&",6";/35($-((A1$"A4"*;+ /"6 $/6$6B"(*$'$",6"%&($/(,.1
(&":/3%'3.1;$",(6",+%&'(./-$".6"."+.0.'3"./3")&",/.3I$'($/("&"";/'$-&2/,0$3"$:-$66,1$"$:9686;'$"$, (*$"(&"%. (,$/(6
&"(&"%$'6&8//$1D"08&/6%\;$/(14B"\;.1,(4".66;"./-$"%'&-$3;'$6"+;6("A$",/"%1.-$"(&"I$',) 4" (*.("%.(,$/(".13"%$'6&//$1
$:%&6;'$6".'$"+,/,+,0$3D"f;.1,(4".66;"./-$B"2;, 353" A4" (*$"IHI#!"%' /-, %1$B" /I&1I$6"A&(*"$:.+,/,/2"-;"$/(
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RIB&"6;'J$4".").-,1,(4i6"-;"$/("8%$'".(,&/6">, (*"$6%$-("(&"(*$"$:%&6;'$6"A$,/2"3$1,J$'$3"(&"%. (,$/(6"./3
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RIDB(.AL,6*"$\;,'$+$/(6")&"+.1}).-(;'$'6"&)"05"./3"d; &'&6-&%,-"3$J,-$6"(&" /-& %&".($".33,(,&/.1
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ZD&11.A& (&) AS(>SS/"(*$"*$. 1(*-.'$"%'&)$66,&/. 1"-&++:/,(4"./3"8<1"(&"3$I$1&%"3,.2/&6(,-"'$)$'S/-$
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13"%$'6&//$1D"M;--$66"&)"."\;.1,(4".66; ./-$"%'&2" +B"./3"-&I6S\;$/(14"+ /,+,0,/2"$:%&6; $B"$\;,'$6"6;%6%6& (
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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*$"8<!"2&I$'/6" (*$"+.:,+;+"%$'+,66,A1$"d;&'&6-&%, -
386$".("(*$" /($'I$/(,&1.1"5)$'S/-$"%&,/(".("SS"+AX+ /" ["6(.13.'3"d; &' &6-& %4 "+&3$".13"%$'+,(6"."*, 2% 3&6$

;&' &6-8&%4"+&3$"&) " ReW"+14X+,/M&"1,+,($3":6$"/3$"6%$-,.1"-,-;+6(./-$6"  S#![UD

5+$"100"*.6"%'$J,&;614"%:A1,6*$3"$-&++$/3.(,&/6")&"\:.1,(4".66;"/-$" /"-.'3,.-"-.(*$($',0.(,&/" 1. A&". (&', $6D
5*$6$"$-&++$/3.(,&/6".33'$66™.3,.(,&/"6.)$(4" /" _4"d;:&'&6-8%4"  SHV'D

9.2.2 X-Ray Fluoroscopic Radiological Equipment Quality and Calibration

f:.1,(4".66;"./-$" /" _".4"d;&'&6-&%4"A$2,/6">,(*".66;" /2" (*.("_4"$\;, %+$/(",6",/"2&&3"&%$".(,/2"&'3$".13",6

- 1AL ($3(& ., $IB &Y (,+.1", 4.2, 1,(4".("+,/,+.1"3&6$D"U/($'IB/(,&/.1"-.(*$($',0.(,&/"./13"$1$-(&%*46,81&24
1.A&'.(&',$6"6*&;13"*.J$"$2;1."$J.1;.(,&/"A4"(*$",/6(,(;(,&/i6™;.1,c$3"+$3,-.1"%*46,-,6(D"9\;,%+$/("6;' I$4"6%&;13
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S&ICH(* (" (", 6"%S$) &'+, /2" (&"A.6$1,/$"6%$-,c-.(,&/6bD

PIH&/2.(:3./.1"6:3$.11./-$"($6(/2  V'%$)&'+./-$"+$.6:'$+$/("6*&;13"A$"-&/3;-($3"%$',&3,-.114"(&",3%$/(,)4
%6&66,A1$"3$($', & (,&/" /"$\;, Y%o+$/("%$) & +./-$B"./3"(&"I$',)4"-&"$-(,&/"&)"3B($',&".(,&/D"U)"%$) &' +./-$
335($,&".($6B"(*$"\;,%+S/("+./;).-(;'$"6*&;13"$-. 1, A" .($"(*$";/,("&""$/&JI.($",(",)"/$-$66.'4D

54%,-.1"_".4"646($+"-.1,A.(,&/6".'$"$:%'$66$3".6"(*$"3&6$"S.-*,/2" (*$"3($-(&",/"/14%$""%; 16$D"0;"$/(":_".4
d;&'&6-8&%,-"646($+6"3,6%1.4"(*,6"3&6$"J.1;$" /" (*$"+$(.3.(.".~-&+%./4,/2"$-&'3$3" +.2$6D"8&"-;"$/("6(.($_&)_
(*$_("$\;, %+$/(B"(*$")&L1&>,/2".'$"$%'$6$/(.(,I$").~(&'4"3%$).. 1(" +.2$"3B($-(&""3&6$"6$((,/26">, (*" (*$"3B($-(&" /",
PP_-+"0&&+"+&3$"a(4%,-.1"0&&+")&"-&'&/.'4" 12,&2" Y%*4bV

I'H&> 3&6$"d:&'&6-8&%4V"PQ"/14X%:16$
I'M(./3.'3_3&6$"d;&'&6-8%4V"[Q"/14X%;16$
1'0,/$".-\:,6,(,&/V"PQQ"/14X%:16$

5+$6%$"6%&;13"A$"-&/6,35'$3"AS/-*+.'7"J.1;$6D" . 4"d;&'&6-8%,-":/,(6"(*.("3$1,I$"3&6$6"6;A6(./(,.114"2'S.($"(*./
(*$6$"J.1;$6"6*8;13"A$"$-. 1, A".($3"&""$/&J.($3"(&".-*,$I$"6,+,1."3&6$6"&'B",)"/&("$+$3,. A1$B"$(,'$3D

9.2.3 X-Ray Fluoroscopic Imaging Protocol Selection Practices

"1 A&'.(&'4"6*&;13"3$I$18%"."-:1(;'$"&)"6$1$-(,/2"(*$" +.2,/2"%'&(&-&1" (*.("%'&J,3$6"6.(,6).-(&'4" ,+.2$"\;.1,(4
%$'+,((,/2".--&+%61,6*+$/("&)" (*$"(.67".("*./3">* 1$"$+061&84,/2"+,/ +;+"386$D"T%S$'.(&'6"6*&;13"A$" -1 1(;".($3"(&
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9.2.4 X-Ray Fluoroscopic Operator and Personnel Conduct
=*46,-,./"&%$".(&'6".'$"$6%&/6,A1$"(&"&%$".($":_".4"d;&'&6-&%,-"$\;,%+$/(",/"."+.//$" (*.("&%(,+,0$6" (*$"6.)$(4"&)

LGS &S (%%, (&) A& (*$"%*46 -, ."8%$ . (&'6"./3"(*$" 1. A& (&'4"%$'6&//$1D"=*46,-,./"&%$'.(&'6"6*&; 13"A$
—1G($3"(&"+,],+,08"AS.+"&/"(,+$B"8&%(, +,0$"646($+"%&6,(,&/,/2B":6$"-&11,+.(&'6"(&"+,/,+,0$",+.2$"c$13"6,0$B
13"6$"%'&($-(,I$"6*,$13,/2D"U/"%.'(,-: 1. B"%*46, -, /"&%$'.(&'6"6*&;13"A$"-&2/,0./("&)"%'&($-(,/2"(*$"1.A&" .(&'4
%%$'6&//$1D"5*%,6" /-1;3$6"+.:,+,0,/2"1.A&" (&' 4"%$'6&//$1"3,6(/-$") &+"(*$".3,.(,&/"6&;-$B" /($":%(,/2
d;8'86-8&%4">*$/"1. A& .(&'4"%$'6&//$1"/$$3"(&". %%'&.~*"."%.(,$/(B"%'&J,3,/2"%& (AL$"6*, $13,/2">,(*./"(*$"1.A&".(&'4
)&= 1.(,12"%$'6&/I$1B".13"%'&),3,/2" I"&:("&)"1. A& .(&'4"-&/ (&L &&+")& " (*$"%$ 6&/ISL">*&" 'S +&/ (&' /2" A:(
1&("3,'$-(14".(($/3,/2"(&"(*$"%.(,$/(D

M,+,1.'14B"1.A&" .(&'4"%S$'6&/$1"/$$3"(&"AS"-&2/,0./("&)"(*$").-(&'6"(*.(".)$-("(*$,"%$'6&/.1".3,.(,&/"$:%&6;'$" (&
&%(,+,0$"(*$,"%$'6&/.1"%'&($-(,&/D"16" (*$"-.(*$($',0.(,&/"1. A& .(&'4i6"%*46 -, /"% $'6&//$1" /3"-.6$"+,:"$:%./3"(&
$/-8+9%.66"/$>"+$3,-.1"3,6-,%1,/$6"./3"%'&-$3;'$6B", (", 6"$66$/(,. 1"(*.(". 11"&%$'.(,/2"%*46 -,./6]-.'3,81&2,6(6"./3
-'3,.-"./3".6-1."6;2$&/61*&13"$\;,6,($".3,.(,&/"%'&($-(,&/"7/&>1$32$" /3" 3*$'$"(&". %%'&%", .($".3,.(,&/



6.)$(4"%'&-$3;'$6"./13"%'&(&-&16D"U(",6"/&($>&' (*4"(*.(".3,.1".--$66")&™-."3,&J.6-;1.""%'&-$3;'$6"*.6" (*$"%&($/(,.1
(&",/-'$.6$"&%%'.(&"$:%0&6;'$";/1$66"(*$"&%$".(&",6"-.'$);1"(&"+.:,+,0$"*,6 X*$"3,6(./-$")'&+"(*$".3,.(,&/"6&;'-$
S#VID

ULG. L0120 3, (& 6.)$(4">, (" I 1":%3.($6"64&; 13" A$" (*$"/&+")&" 1 1"%$ 6 &//$1">*&">&'T" I I':_*.4
d;&'&6-8&%,-"$/J,'&/+$/(D

9.2.5 X-Ray Fluoroscopic Patient Radliation 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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9.3.3 X-Ray CT Imaging Protocol Selection
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9.3.4 X-Ray CT Patient Radliation Exposure Monitoring
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9.4 Nuclear Cardiology
9.4.1 Nuclear Cardiology Regulatory Issues

9.4.1.1 Governmental Regulation
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9.4.1.2 Societal and Industrial Standards and Guidelines
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9.4.2 Nuclear Scintigraphy Equipment Quality and Calibration
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9.4.2.1 Conventional Gamma Cameras
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9.4.2.2 PET Systems
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9.4.2.3 CT Component of SPECT/CT and PET/CT Units
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9.4.3 Nuclear Scintigraphy Attenuation Correction Equipment Quality and Calibration
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9.4.4 Nuclear Cardiology Patient Radiation Exposure Monitoring
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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)
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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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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



=*46 -, /6">*&"+./.2$").-,1,(,$6"(*.(";6$",&/,0,/2".3,.(,&/".'$"$6%&/6,A1$")&"$/6;' /2" (*.("(*&6%$").-,1,(,$6

2$/$'.($"*,2% \;.1,(4" +.2$6".("+./,+.1".3,.(.&/"$:%&6:'$"(&"%. (,$/(6"./3"%$'6&//$1D"5*$6$" $6%&/6,A, 1,(,$6" /-1;3$
'3,818&2,-.1"$\;,%+$/("6$1$-(,&/B"-.1,A"(,&/B".13"+.,/($/.I-$0"$6(.AL,6% /2" +.2,/2"%'&(&-&16" (*.("&%(,+.114"A.1./-$
281, (4" /3"$:%&6:$0"./3")&6($, /2" "1 (S &)+, ], +,0,/2"%. (,$/(".3,.(,&/"$:%&6:'$"./3"+.:,+,0,/2

%$'6&//$1"% '&($-(,&/D

#.3,818&2,-. 1"\, %+$/("6*&;13"A$"-.%.A1$"&)"2%/$".(,/2"3,.2/1&6(,-"\;.1,(4",+.2$6".("+,/,+.1"3&6$D""/,("(*.(",6",/
28&3"8&Y6$".(,/2"&'3$"A:("'S\;,'$6"."2'S.($" (%1 "$I("6(.($_&)_(*$_.'("38&6$"(&"2$/$.($;.1,(4" +.2$6"6*&;13"A$
-&/6,3$'$3"&AB&IS(SD"M;-*"."/ ("6*&;13"A$"S, (*$"'$/&J.($3"&""$%1.-$3D"5*$").-, 1,(4i6"+./.2,/2"3,'$-(&"6*&; 13
“&11.A&L($">, (" (*$".3,8&18&2,-. 1"$\; %+$/("-&+%./4i6"6$'],-$"$/2,/$$'6" /3" (*$" /6(,(;(,&/16™.3,81&2,-.1"%*46 -6 ("(&
I8 A" (*.("B\;, %+$/(",6"&%(,+.114"-. 1, A".($3D"5*$"$\;, %+$/("6*&;13"%'&J,3$";6$™-&/('&1"&)" +.2,/2"386$"%.  +$($'6
6&"(*.("&%$".(&'6"-./"6S1S-("(*$",+.2,/2"%'&(&-&1"(*.("A$6("A.1./-$6" +.2$"\;.1,(4"./3"3&6$D

5*$").-,1,(4i6"%*46,-,./"3,'$-(&"6*&; 13"+&/,(&" (*$").-,1,(4i6"&JI$".11".3,&1&82,-. 1"%$)&'+./-$"A4" (. A:1.(,/2"%. (,$/(
%'&-$3;'$"3&6$6"./3"%$'6&//$1"3&6$6" (&".6-5'(../"(*.("(*$6$"3&6$6".'$">,(*,/"2;,3$1,/$"1$I$16D"U/3,J,3;.1"1."2$
&:(1,$"$:%&6:'$6"6*8&:13"AS$",/I$6(,2.($3"./3"$:9%1.,/$3B"./3"-&"$-(,J$".-(,&/"6*&; 13"A$"(.7$/",)" /3,-.($3D

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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