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]$" 9$=,4" <4.2=$,$('" '9," -=" '=N'-" &$N'-." %'" 9$=,4" <-B(2:-'" '=" >kDi?" )'9" <.*5.89"

+*=92%4.$B('9"*=,"4,4".4$(2949"%$=9"($"9-.1'2(($=+'"%'9"5.*99'99'96"(;*.5$=29$,2*="%'9"9*2=96"($"

<.29'"'="+7$.5'"*B9,4,.2+$('6" ($"<.29'"'="+7$.5'"%'9"=*-1'$-X=49"'," ('-.".4$=2&$,2*=?"!2=926"

('9" 9'-2(9" %'" .4$=2&$,2*=" %'9" =*-1'$-X=49" <.4&$,-.49" *=," 4,4" 5.$=%'&'=," $B$29949"^" '="

U.$=+'" 2(" '9," <*992B('" %'" <.'=%.'" '=" +7$.5'" -=" <$,2'=," @" <$.,2." %'" >jX>E" 9'&$2='9"

%;$&4=*..74'"c/!d"',"%'"Fkk"5.$&&'9"%'"<*2%9"%'"=$299$=+'?"e("A$-,",*-,'A*29"9*-(25='.":-'"

($"<.4&$,-.2,4".'9,'"($"<.'&28.'"+$-9'"%'"&*.,$(2,4"2=A$=,2('"%$=9"('"&*=%'"c]2-"',"$(?6">kDfd"

',":-'"('9"&*.B2%2,49"$99*+24'9"9*=,"@"(;*.252='"%;7*9<2,$(29$,2*=9"(*=5-'96"%'"+*&<(2+$,2*=9"

='-.*%41'(*<<'&'=,$('9" <$.A*29" (*-.%'9" @" (;*.252='" %'" 7$=%2+$<9" &*,'-.96" 9'=9*.2'(96"

+*5=2,2A9" ',v*-" +*&<*.,'&'=,$-H?" ]$" &'2(('-.'" +*&<.47'=92*=" %-" +'.1'$-" '="

%41'(*<<'&'=," '," ($" &29'" '=" <($+'" %'" 9,.$,452'9" %'" ='-.*<.*,'+,2*=" 9*=," %'9" $H'9"

<.2*.2,$2.'9" %'" .'+7'.+7'" <*-." ,*-9" ('9" $+,'-.9" %'" ($" &4%'+2='" <4.2=$,$('" $+,-'(('" $A2="

%;$&4(2*.'."('"%'1'=2."='-.*(*52:-'"%'9"'=A$=,9"=49"<.4&$,-.49?"
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"! 1?!@ABC?DEAFDB!

! Définitions 

C='"=$299$=+'"<.4&$,-.4'"'9,"-='"=$299$=+'"$1$=,"('",'.&'"=*.&$("%;-='"5.*99'99'"

cEk" @" ED" /!d?" ]'" ,'.&'"%'" 5.*99'99'" '9," '9,2&4"<$." ($" %$,'"%-"<.'&2'." N*-." %'9"%'.=28.'9"

.85('9"',v*-"@"(;$2%'"%;-='"4+7*5.$<72'"%2,'"%'"W"%$,$,2*="[6".4$(294'"<.4+*+'&'=,"$-"+*-.9"

%-"<.'&2'." ,.2&'9,.'"%'" ($"5.*99'99'?" ];s5'"5'9,$,2*=='("'9,"%*=+" ('"+.2,8.'"<'.&',,$=,"%'"

%4A2=2." -='" =$299$=+'" <.4&$,-.4'?" /'(*=" (;m.5$=29$,2*="#*=%2$('" %'" ($" /$=,4" cm#/d6" -='"

=$299$=+'" $1$=," ji" /!" c>Fz" N*-.9d" '9," +*=92%4.4'" +*&&'" <.4&$,-.4'" cr*.(%" Y'$(,7"

m.5$=2T$,2*=6">kDfd?"m="%29,2=5-'"^"

D! ($"<.4&$,-.2,4",$.%21'6"'=,.'"jE"',"jf"/!"�"

D! ($"<.4&$,-.2,4"&*%4.4'6"'=,.'"j>"',"jj"/!"�"

D! ($"5.$=%'"<.4&$,-.2,46"'=,.'">i"',"jD"/!"�"

D! (;'H,.I&'"<.4&$,-.2,46"2=A4.2'-.'"@">i"/!?"

! Etat des connaissances 

!"#"$! !"#$%&#'(')#*+

]'9"%'.=28.'9"'9,2&$,2*=9"'AA'+,-4'9"'="+*(($B*.$,2*="$1'+"(;m#/"A*=,"4,$,"%;'=12.*="

DF"&2((2*=9"%'"<.4&$,-.49"'=">kDk"9*2,"DD6D�"%-"=*&B.'",*,$("%'"=$299$=+'9"121$=,'9?"O'9"

=$299$=+'9" <.4&$,-.4'9" 9*=," %29,.2B-4'9" %2AA4.'&&'=," 9'(*=" ('9" <$09" cU25-.'" Dd" ^" '(('9"

+*=+'.='=," '=" 'AA'," F�" %'9" =$299$=+'9" ,*,$('9" <*-." +'.,$2=9" <$09" %;G-.*<'" %-" Q*.%" ',"

N-9:-;@"Dw�"<*-."%'9"<$09" $A.2+$2=9" +*&&'" ('"#$($`2" cR('=+*`'"'," $(?6" >kD>d?" G=" U.$=+'6"

i6E�"%'9"'=A$=,9" 4,$2'=,"=49" $1$=,"ji" /!"'=">kDk6" 9*2," '=12.*="fkkkk"=*-1'$-X=496" %*=,"

D>kkk"$1$=,"j>"/!"cR(*=%'("',"$(?6">kD>"�"V*.+72="',"!=+'(6">kDfd?"]'",$-H"%'"<.4&$,-.2,4"'9,"

'="+*=9,$=,'"$-5&'=,$,2*=6"'="&*0'=='"%'"k6w�"<$."$=6"9*2,"'=12.*="DE6i�"'=,.'"Dzzk"',"

>kDk"%$=9"('"&*=%'"cR('=+*`'"',"$(?6">kD>d?"G="G-.*<'6"92"($",'=%$=+'"'9,"92&2($2.'6"'(('"'9,"

<(-9"74,4.*58='?"/-."Dz"<$09"'-.*<4'=96"($"<.4&$,-.2,4"$"$-5&'=,4"925=2A2+$,21'&'=,"'=,.'"

Dzzf"',">kkw"<*-."Dj"<$096"&$29"'(('"$"9,$5=4"*-"%2&2=-4"<*-."f"$-,.'9?"G="U.$=+'6"('",$-H"

%'"<.4&$,-.2,4"$" (-2"$-5&'=,46"<$99$=,"%'"F6z�"'="DzzF6"@"i6>�"'=">kkj"',"i6E�"'=">kDk"

cZ'2,(2=" '," $(?6" >kDjd?" O',,'" ,'=%$=+'" <'-," 9;'H<(2:-'." =*,$&&'=," <$." (;$-5&'=,$,2*=" %'9"

,$-H"%'"5.*99'99'9"&-(,2<('9"',"%'"<.4&$,-.2,4"2=%-2,'6"%'"(;s5'"&*0'="%'9"A'&&'9"(*.9"%'9"
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5.*99'99'96" ('" %41'(*<<'&'=," %'9" ,'+7=2:-'9" %;$2%'" &4%2+$('" @" ($" <.*+.4$,2*=" ',"

(;$&4(2*.$,2*="%'9"9*2=9" 2=,'=92A9"=4*=$,$-H"<'.&',,$=,"-='"<.29'"'="+7$.5'"%'9"=*-1'$-X

=49"<(-9"2&&$,-.'9?"

!

/FGEAH!+!I!.JDFC?DFKL!MHJ!D?EN!MH!@ABC?DEAFDB!O!PQBRSHPPH!CKLMF?PH!HL!4>+>*!

]$"<.4&$,-.2,4"+*=+'.='",*-9"('9"<$096"&$29"9*="2=+2%'=+'"'9,"74,4.*58='?"]'9"<$09"'="1*2'"%'"%41'(*<<'&'=,"
9'&B('=,"<$.,2+-(28.'&'=," ,*-+749"$1'+"<*-." +'.,$2=9"<(-9"%'"DF�"%'"<.4&$,-.2,4?");$<.89"R('=+*`'"'," $(?6"
>kD>?"

!

!"#"#! ,-./*/+

e(" '9," 7$B2,-'(" %'" %29,2=5-'." ('9" <.4&$,-.2,49" 9<*=,$=4'9" %'9" <.4&$,-.2,49" 2=%-2,'9"

<$."(;*B9,4,.2+2'="<*-."-='"2=%2+$,2*="&$,'.='(('"*-"Aq,$('?"

$! M.4&$,-.2,4"9<*=,$=4'"

G(('"'9,"%4A2=2'"<$."-='"&29'"'=",.$1$2("9<*=,$=4'"$1$=,"ji"/!?"]'",.$1$2("<'-,"$-992"

I,.'" <.4+4%4" <$." -='" .-<,-.'" <.4&$,-.4'" %'9" &'&B.$='9?" ]$" =$299$=+'" <.4&$,-.4'"

9<*=,$=4'" '9," 9*-1'=," -=" <.*+'99-9"&-(,2A$+,*.2'(6" .49-(,$=," %'" (;2=,'.$+,2*=" %'" %2AA4.'=,9"

A$+,'-.9" '=,.$}=$=," ($" &*%2A2+$,2*=" %'" (;-,4.-9" :-2" <$99'" %;-=" 4,$," :-2'9+'=," @" -=" 4,$,"

+*=,.$+,2('"@"(;*.252='"%'"($"=$299$=+'"<.4&$,-.4'?"M(-92'-.9"A$+,'-.9"%'".29:-'"9*=,"2%'=,2A249"

cS*(%'=B'.5"',"$(?6">kD>"�"R('=+*`'"',"$(?6">kDjd"^"
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D! (;s5'"&$,'.='("(*.9"%'"($"5.*99'99'"c$%*('9+'=+'"',"s5'"&$,'.='("$1$=+4d"cU'..4"',"

$(?6" >kDfd" '," (;2=,'.1$(('" +*-.," '=,.'" %'-H" 5.*99'99'9" cS*(%'=B'.5" '," $(?6" >kkw" �"

#-5(2$"',"_$,T6">kDkd"�"

D! ('" +$.$+,8.'" &-(,2<('" %'" ($" 5.*99'99'6" @" (;*.252='" %;-='" 9-.X%29,'=92*=" -,4.2='?"

];2=+2%'=+'" %'9" 5.*99'99'9" &-(,2<('9" $-5&'=,'" $1'+" (;s5'" &$,'.='(" '," $1'+" ('"

%41'(*<<'&'=,"%'"(;$9929,$=+'"&4%2+$('"@"($"<.*+.4$,2*="cR(*=%'("',"$(?6">kkfd"�"

D! ('9" 2=A'+,2*=9" c2=A'+,2*=9" -.2=$2.'96" geY6" 90<72(296" +7*.2*$&=2*,2,'6" <$(-%29&'6"

1$52=*9'9"B$+,4.2'=='9d"cS.$1',,"',"$(?6">kDkd"�"

D! ('9"<$,7*(*52'9"+7.*=2:-'9"&$,'.='(('9"c%2$B8,'6"70<'.,'=92*="$.,4.2'(('6"$=4&2'6"

$9,7&'6"%09,70.*a%2'6"*B492,46"2=9-AA29$=+'".4=$('d"c_'.9,'="',"$(?6">kDEd"�"

D! (;4,$," =-,.2,2*=='(" c&$(=-,.2,2*=6" +$.'=+'" '="&2+.*=-,.2&'=,96" $=4&2'd" cR($+J" ',"

$(?6">kkw"�")'$="',"$(?6">kDEd"�"

D! ('"&*%'"%'"12'"c,$B$529&'6"+*=9*&&$,2*="%;$(+**("*-"%'"%.*5-'9d"cS.$1',,"',"$(?6"

>kDkd" '," ('" ,0<'" %'" ,.$1$2(" 'H'.+4" <'=%$=," ($" 5.*99'99'" c$+,212,4" <7092:-'"

'H+'9921'd"c#-5(2$"',"_$,T6">kDkd"�"

D! ($" 9$=,4" <90+7*(*52:-'" '," <90+72$,.2:-'" &$,'.='(('" c90=%.*&'" %4<.'992A6"

12*('=+'9"A$2,'9"$-H"A'&&'9d"c#�==29,�"',"$(?6">kDfd"�"

D! ('9" <.4%29<*92,2*=9" 54=4,2:-'9" c$=,4+4%'=,9" %'" <.4&$,-.2,4" 9<*=,$=4'6"

2=+*&<4,'=+'"+'.12+$('d"c#'.+'."',"$(?6"Dzzz"�"M(-=J',,"',"#-5(2$6">kkwd?"

D! ('9" +*=%2,2*=9" 9*+2*X4+*=*&2:-'9" %4A$1*.$B('9" cS'.&$=0" '," $(?6" >kDF" �" _.$&'.6"

>kDFd?"

];*.252='"%'"($"&29'"'=",.$1$2("<.4&$,-.4'"1$.2'"'="A*=+,2*="%'"(;s5'"5'9,$,2*=='("',"

%'9" A$+,'-.9" 9*+2$-H" '," '=12.*=='&'=,$-H?" G(('" .'9,'" 2=%4,'.&2=4'"<*-." <(-9" %'" ($"&*2,24"

%'9"+$9"c#'=*=6">kkwd?"]'9"A$+,'-.9"%'".29:-'"<'-1'=,"$-992"I,.'"$99*+2496"$-5&'=,$=,"$2=92"

('".29:-'"%'"=$299$=+'"<.4&$,-.4'?"

B! M.4&$,-.2,4"2=%-2,'"

G(('" '9," %4A2=2'" <$." ('" %4+('=+7'&'=,"&4%2+$&'=,'-H" %-" ,.$1$2(" 9-." ($" %4+292*=" %'"

(;*B9,4,.2+2'=" *-" <$." ($" =4+'992,4" %;-='" +49$.2'=='6" <.*5.$&&4'" *-" <'=%$=," ('" ,.$1$2("

c9<*=,$=4"*-"%4+('=+74d6"<*-."-='"+$-9'"&$,'.='(('"',v*-"Aq,$('?"]'",$-H"%'"<.4&$,-.2,4"

2=%-2,'"1$.2'"9'(*="('"=21'$-"%'"12'"%-"<$09?"M*-."('9"<$09"'="1*2'"%'"%41'(*<<'&'=,6"2("'9,"
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B$96" +*&<,'" ,'=-" %-" A$2B('" =21'$-" %'" 9-.1'2(($=+'" %'" ($" 5.*99'99'" '," %-" ,.$1$2(6" %'" ($"

&4%2+$(29$,2*=" &*2=9" 2&<*.,$=,'" %'" (;$++*-+7'&'=," '," %-" A$2B('" ,$-H" %'" =$299$=+'" <$."

+49$.2'=='"c&*2=9"%'"F�"<$."'H'&<('"<*-."('9"<$09"$A.2+$2=9"@%*-,-">k�"'="U.$=+'":-'(":-'"

9*2,"('",'.&'"c]'"K$0"',"$(?6">kDFd"',"N-9:-;@"fk�"'="U.$=+'"'="%'99*-9"%'"jF"/!"c!=+'("',"$(?6"

>kDFdd?""

]$"<.4&$,-.2,4" 2=%-2,'" +*=+'.='">k�"%'9"=$299$=+'9"<.4&$,-.4'9"%$=9" ('9"<$09"'="

1*2'"%'"%41'(*<<'&'=,"+*&&'" ('"M$J29,$=6" (;m-5$=%$"*-" ('"Q25'."'," N-9:-;@"Ek�"%$=9" ('9"

<$09"<(-9".2+7'9"+*&&'"('"3$<*=6"('"u$,$."*-"(;!.5'=,2='"c#*.29$J2"',"$(?6">kDEd?""

]'9"2=%2+$,2*=9"&4%2+$('9"%'"<.4&$,-.2,4"2=%-2,'"9*=,"%'"+$-9'9"^"

D! &$,'.='(('96" (24'9" @" ($" 5.*99'99'"^" <.44+($&<92'" 9418.'6" 4+($&<92'6" YG]]M"

90=%.*&'" cN.,#27&%&( ?2.9-'.*( G%9./( .$O7,.&( G#H( F2-'.2.'( 0#8$'( &7$*/#,.n6"

+7*('9,$9'" 5.$12%2:-'6" %4+*(('&'=," <($+'=,$2.'6" 74&$,*&'" .',.*X<($+'=,$2.'6"

<($+'=,$"<.�12$6".-<,-.'"-,4.2='6"+7*.2*$&=2*,2,'"�"

D! &$,'.='(('96" (24'9" @" -='" <$,7*(*52'" +7.*=2:-'"^" +$=+'.6" *B492,46" %2$B8,'6"

70<'.,'=92*="�"

D! Aq,$('9"^" .',$.%" %'" +.*299$=+'" 2=,.$X-,4.2=" $1'+" .','=,299'&'=," 9-." ('" B2'=XI,.'"

Aq,$(6"$=*&$(2'9"%-".0,7&'"+$.%2$:-'"Aq,$("*-"+'.,$2='9"$=*&$(2'9"+*=54=2,$('9?"

M$."$2(('-.96"+'.,$2=9"A$+,'-.9"%'".29:-'"$99*+249"@"($"<.4&$,-.2,4"2=%-2,'"*=,"4,4"&29"

'="412%'=+'"+*&&'"(;s5'6" (;',7=2'6" (;2=%2+'"%'"&$99'"+*.<*.'(('"%'" ($"&8.'"*-" ('".'+*-.9"@"

(;$9929,$=+'"&4%2+$('"@"($"<.*+.4$,2*="cR('=+*`'"',"$(?6">kDj"�"%'"3*=57"',"$(?6">kDE"�"g*5'("',"

$(?6">kDEd?""

!"#"%! ,'0/%1.*02*/+

]'".29:-'"%'"+*&<(2+$,2*=9"(24'9"@"($"=$299$=+'"<.4&$,-.4'"%2&2=-'"<.*5.'9921'&'=,"

$1'+" (;$-5&'=,$,2*=" %'" (;s5'" 5'9,$,2*=='(?" ]$" 9-.1'=-'" %'9" +*&<(2+$,2*=9" '9," +'.,'9"

%2.'+,'&'=,"'="(2'="$1'+"($"<.4&$,-.2,46"&$29"<'-,"$-992"I,.'"A$1*.294'"<$."%'9"A$+,'-.9"%'"

.29:-'" 2=%212%-'(9?" ]'9" A$+,'-.9" %'" .29:-'" <'-1'=," I,.'" $99*+2496" $-5&'=,$=," %;$-,$=," ('"

.29:-'"%'"+*&<(2+$,2*=9?"



!

!

!

INTRODUCTION 

!

! !

d!

$! #*.,$(2,4"

]$"=$299$=+'"<.4&$,-.4'"'9,"($"<.2=+2<$('"+$-9'"%'"&*.,$(2,4"=4*=$,$('6".'<.49'=,$=,"

'=12.*=" j6D" &2((2*=9" %'" =*-1'$-X=49" %$=9" ('" &*=%'?" e(" 'H29,'" -='" 14.2,$B('" %29<$.2,4"

+*=+'.=$=,"('",$-H"%'"9-.12'"%'9"<.4&$,-.49"'="A*=+,2*="%-"<$09"%'"=$299$=+'?"G="'AA',6"Fk�"

%'9"=*-1'$-X=49"<.4&$,-.49"@">E"/!"9-.121'=,"$-X%'(@"%'">w"N*-.9"%$=9"('9"<$09"%41'(*<<496"

',"zk�"@">w"/!"cM$,'(6">kDfd?"!" (;2=1'.9'6"%$=9"('9"<$09"'="%41'(*<<'&'=,6"9'-('&'=,"Dk�"
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<.4&$,-.4'" '9," ('" <.2=+2<$(" A$+,'-." %'" .29:-'" %'" <$.$(092'" +4.4B.$('" cm;O$(($57$=" '," $(?6"

>kDDd?"]'",$-H"%'"<$.$(092'"+4.4B.$('"$-5&'=,'"%'"A$\*="2=1'.9'&'=,"<.*<*.,2*=='(('"@"(;s5'"

5'9,$,2*=='(?" !2=926" $-" 9'2=" %'" ($" +*7*.,'" GMeM!SG" D6" 2(" $" 4,4" .',.*-14" E6E�" %'" <$.$(092'"

+4.4B.$('"+7'T" ('9"$=+2'=9"<.4&$,-.49"=49"@"j>"9'&$2='9"%;$&4=*..74'"',"Dz6E"�"+7'T" ('9"

'=A$=,9" =49" @" >EX>F" 9'&$2='9" %;$&4=*..74'" c!=+'(" '," $(?6" >kkfd?" ]'" ,$-H" %'" <$.$(092'"

+4.4B.$('"<*-."GMeM!SG">"@"%'-H"$=9"%;s5'"+*..254"4,$2,"%'"i�"<*-."('9">EX>f"/!6"E�"<*-."('9"

>iXjD" /!" '," D�" <*-." ('9" j>XjE" /!?" e(" 'H29,'" %*=+" -='" %2&2=-,2*=" %-" ,$-H" %'" <$.$(092'"

+4.4B.$('"+7'T"('9"<.4&$,-.49"'="U.$=+'"'=,.'"Dzzi"cGMeM!SG"Dd"',">kDD"cGMeM!SG">d?"

M.89" %'" ($"&*2,24" %'9" <$.$(092'9" +4.4B.$('9" '9," %2$5=*9,2:-4'" +7'T" %'9" '=A$=,9" =49"

<.4&$,-.49"ce=9,2,-,"=$,2*=$("%'"($"9$=,4"',"%'"($".'+7'.+7'"&4%2+$('"cU.$=+'d6">kkEd?"]'",$-H"

%'"<$.$(092'"+4.4B.$('"$"$-5&'=,4"N-9:-;@"($"A2="%'9"$==4'9"Dzwk"%'"($"&I&'"&$=28.'":-'"('"

,$-H"%'"9-.12'"%'9"5.$=%9"<.4&$,-.49"$"$-5&'=,4?"M-29"($"<.41$('=+'"$"9'&B(4"9'"9,$B2(29'."

1*2.'"%2&2=-'."@"<$.,2."%'"($"A2="%'9"$==4'9"Dzzk"cY2&&'(&$=="',"C1'B.$=,6">kDE"�"K'2%"',"
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$(?6" >kDfd?" G=" G-.*<'6" ('" ,$-H" %'" <$.$(092'" +4.4B.$('" $" %2&2=-4" %'" D6z" @" D6ii" <*-." Dkkk"

=$299$=+'9"'=,.'"Dzwk"',">kkj"c/'((2'."',"$(?6">kDfd?"

$$$! )3#&%,*-(;%(*$-R,%(

)'"=*&B.'-9'9"4,-%'9"4<2%4&2*(*52:-'9"*=,"&29"'="412%'=+'"%'9"A$+,'-.9"%'".29:-'"

$99*+249" @" ($" 9-.1'=-'" %'" ($" <$.$(092'" +4.4B.$('?" O'9" A$+,'-.9" %'" .29:-'" 9'&B('=," $52." %'"

&$=28.'"90='.52:-'6"',"=*="29*(4'6"%$=9"($"<$,7*5'=89'"%'"($"&$($%2'?"M$.A*296"$-+-="$5'=,"

4,2*(*52:-'"=;'9,"2%'=,2A24"',"('"&4+$=29&'"+$-9$(".'9,'"2=+*==-?"m="%29,2=5-'"cY2&&'(&$==6"

>kDj"�"#$..',"',"$(?6">kDjBd"^"

!! =%-(93#&%,*-(;%(8*S;$-8"-$&$".(3.&S.3&34%(

•! ('9" 2=A'+,2*=9" +*=54=2,$('9" W"VmKOY"[" cV*H*<($9&*9'6" /0<72(296" g$.2+'(('" Z*=$"g2.-96"

M$.1*12.-9"RDz6"K-B4*('6"O0,*&45$(*12.-96"Y'.<89"/2&<('H"g2.-9d"�"

•! (;'H<*92,2*=" @" %'9" ,*H2:-'9" +*&&'" (;$(+**(" cS-'..26" Dzzw6" >kk>d6" ('9" %.*5-'9" *-"

+'.,$2=9"&4%2+$&'=,9"+*&&'"(;$+2%'"1$(<.*a:-'"cR*($�*9"',"#'%2=$6"Dzzid"�"

•! ($"5.*99'99'"&-(,2<('"c/+7'."',"$(?6">kk>"�"V*<<"',"$(?6">kkEd"�"

•! ('9" <$,7*(*52'9" 1$9+-($2.'9" %'" ($" 5.*99'99'" +*&&'" ($" <.44+($&<92'6" ('" .',$.%" %'"

+.*299$=+'"2=,.$X-,4.2="cR$%$`2"',"$(?6"Dzzw"�"3$.129"',"$(?6">kkFd"�"

•! ($"=$299$=+'"<.4&$,-.4'"�"

•! ($"=$299$=+'"<*9,X,'.&'"�"

•! ('9"<$,7*(*52'9"&$,'.='(('9"+*&&'"('9"%09,70.*a%2'96"('"%2$B8,'6lcQ'(9*=6">kkwd"�"

•! ('"9'H'"^" ($"<$.$(092'"+4.4B.$('"'9,"<(-9"A.4:-'=,'"+7'T" ('9"5$.\*=9?"]'9"=*-1'$-X=49"

<.4&$,-.49" 5$.\*=9" *=," -='" 9-B9,$=+'" B($=+7'" 925=2A2+$,21'&'=," %2&2=-4'" <$."

.$<<*.," $-H" =*-1'$-X=49" @" ,'.&'6" +'" :-2" =;'9," <$9" *B9'.14" +7'T" ('9" =*-1'$-X=49"

A2(('9"c3$.129"',"$(?6">kkF"�"3*7=9,*="',"Y$5B'.56">kkid"�"

•! ('9" $-,.'9" &$(A*.&$,2*=9" +*=54=2,$('9"cA'=,'" ($B2*X<$($,2='6" 70<*9<$%'6" $,.492'" %'"

(;q9*<7$5'6ld"9*=,".',.*-14'9"%'"A$\*="<(-9"A.4:-'=,'"+7'T" ('9"'=A$=,9"<.49'=,$=,"

-='"<$.$(092'"+4.4B.$('"cM7$.*$76">kki"�"K$=J2="',"$(?6">kDkd"�"

•! %'9"A$+,'-.9"54=4,2:-'9"<*-..$2'=,"2=A(-'=+'."($"+$9+$%'"%;414='&'=,9"+*=%-29$=,"@"

($"9-.1'=-'"%'"($"<$.$(092'"+4.4B.$('"c#$+]'==$="',"$(?6">kDF"�"]2&6">kDf"�"U$7'0"',"

$(?6" >kDid?" e(" $"4,4"*B9'.14"%'9" A$&2(('9"<.49'=,$=,"-=" .29:-'"%'"<$.$(092'" +4.4B.$('"

$++.-" %$=9" ('" .'529,.'" =$,2*=$(" 9-4%*29" cY'&&2=J2" '," $(?6" >kkid?" ]'" <*(0&*.<729&'"
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%'9" 58='9" +*%$=," <*-." ('9" <.*,42='9" %'" (;2=A($&&$,2*=6" %'" ($" +*$5-($,2*=" *-" %'"

(;'=%*,74(2-&" 1$9+-($2.'" '9," $99*+24" @" ($" <$.$(092'" +4.4B.$('" +7'T" +'.,$2=9" '=A$=,9"

cQ'(9*=6">kkwd?"

!! (=%-(93#&%,*-(;%(*$-R,%(8S*$.3&3,J(

];$9<70H2'"=4*=$,$('"'9," 2&<(2:-4'"%$=9" ($"9-.1'=-'"%'" ($"<$.$(092'"+4.4B.$('6"&$29"

'(('"+*=+'.='"9'-('&'=,"Dk�"%'9"+$9" cS.$7$&"',"$(?6">kkw" �"O*:"',"$(?6">kDfd?"O',"4<29*%'"

70<*H2:-'" c%4A2=2" <$." ($" <.49'=+'" %;-=" 414='&'=," *B9,4,.2+$(" @" .29:-'6" %;-='" $+2%*9'"

&4,$B*(2:-'"$1'+"-="<Y"�"i6k"*-"%;-="%4A2+2,"%'"B$9'"�"D>&&*(v]6"',"%;-="9+*.'"%;!MS!K�E"

@"F"&2=-,'9d"'9,"(24"@"-='"92,-$,2*="@".29:-'"+*&&'"(;74&$,*&'".4,.*<($+'=,$2.'6"($".-<,-.'"

-,4.2='6"('9"%09,*+2'9"9418.'96"('9"%09A*=+,2*=9"<($+'=,$2.'9"c<*9,&$,-.2,46"<.44+($&<92'd6"*-"

('9"74&*..$52'9"Aq,$('9"c74&*..$52'"%'"R'=+J29'.6",.$=9A-92*="Aq,*X&$,'.='(('d?"];$9<70H2'"

=4*=$,$('" <'-," I,.'" $99*+24'" @" -=" 414='&'=," <.4=$,$(6" +*&&'" -=" <74=*&8='"

2=A($&&$,*2.'"2=%-2,6"<$."'H'&<('6"<$."-='"+7*.2*$&=2*,2,'"*-"-='"2=A'+,2*="-.2=$2.'"cr-"',"

$(?6">kkj"�"R$H"',"$(?6">kkfd?"]'"<74=*&8='"%;2=A'+,2*=v2=A($&&$,2*="9'&B('"<*,'=,2$(29'."('9"

(492*=9"%;70<*H2'X29+74&2'"+4.4B.$('?"

!! =%-(93#&%,*-(;%(*$-R,%(8"-&.3&3,J(

)'"=*&B.'-H"A$+,'-.9"<'-1'=,"$(,4.'."('"%41'(*<<'&'=,"+4.4B.$("$<.89"($"=$299$=+'?"

]'" 9,.'99" '," ($" 94<$.$,2*=" &8.'v=*-1'$-X=46" ('" .',$.%" %'" +.*299$=+'" 'H,.$X-,4.2=6" ('9"

2=A'+,2*=9" &$,'.=*XAq,$('9" *-" ('9" 2=A'+,2*=9" 9'+*=%$2.'9" cS($99" '," $(?6" >kkwd6" ('9"

'=,4.*+*(2,'9"-(+4.*X=4+.*9$=,'9"c/7$7"',"$(?6">kkwd"',"(;-,2(29$,2*="%'"+'.,$2=9"&4%2+$&'=,9"

+*&&'" ('9"5(-+*+*.,2+*a%'9" c)*0('"',"$(?6">kDEBd"*=,"4,4" 2%'=,2A249"+*&&'"4,$=,"%4(4,8.'9"

9-." ('" %41'(*<<'&'=," %-" +'.1'$-" 2&&$,-.'" '," <*-1$=," $-5&'=,'." ('" .29:-'" %'" <$.$(092'"

+4.4B.$('?"

!! G.&(0#$*%'%#$&(&#0%#@^0#$#,%_8.&(

!(*.9" :-'" ($" .'($,2*=" '=,.'" ($" 9-.1'=-'" %'" ($" <.4&$,-.2,4" '," ('" =21'$-" 9*+2*X

4+*=*&2:-'" A$&2(2$(" '9,"&$2=,'=$=," B2'=" 4,$B(2" cS'.&$=0" '," $(?6" >kDF" �" _.$&'.6" >kDFd6" 2("

9'&B('" 45$('&'=," 'H29,'." -=" 2&<$+," %'9" +*=%2,2*=9" 9*+2*X4+*=*&2:-'9" A$&2(2$('9" 9-." ($"

9-.1'=-'"',"($"9414.2,4"%'"($"<$.$(092'"+4.4B.$('6" 2=%4<'=%$&&'=,"%'"($"<.4&$,-.2,4"',"%-"
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<*2%9"%'"=$299$=+'" cYN'.="'," V7*.=5.'=X3'.='+J6" >kkw" �" /*($9J2" '," $(?6" >kDE" �")-.J2=" '," $(?6"

>kDF"�"m9J*-2"',"$(?6">kDfd?"
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O7'T" (;Y*&&'6" ($" ,.*2928&'" 9'&$2='" '&B.0*==$2.'" &$.:-'" ('" %4B-," %-"

%41'(*<<'&'=,"+4.4B.$(?"!"+'"9,$%'6"(;'&B.0*="'9,"9*-&29"$-"<.*+'99-9"%'"5$9,.-($,2*=":-2"

+*..'9<*=%" $-" <$99$5'" %;-='" 9,.-+,-.'" @" %'-H" A'-2((',9" @" -='" 9,.-+,-.'" @" ,.*29"

A'-2((',9"cS2(B'.,"',"/2=5'.6">kkE"�"#-..0"',"_'(('.6">kkwd"^"

D! (;'=%*%'.&'6" A'-2((',"%*.9$("4<2B($9,2:-'6" ('"<(-9" 2=,'.='6":-2"%*=='.$"=$299$=+'"

=*,$&&'=,"$-H"<*-&*=96"$-H"129+8.'96"$-"<$=+.4$9"',"$-"A*2'"�"

D! ('"&49*%'.&'6"A'-2((',"2=,'.&4%2$2.'":-2"A*.&'.$"('"+q-.6"('9"1$299'$-H6"('"9$=56"

('9"&-9+('9"',"('"9:-'(',,'"�"

D! (;'+,*%'.&'6" A'-2(('," 1'=,.$(6" ('" <(-9" 'H,'.='6" :-2" 9'.$" 9-B%21294" '=" 4<2%'.&'" @"

(;*.252='"%'"($"<'$-6"%-"+.29,$((2="',"%'"($"+*.=4'"',"'="='-.*'+,*%'.&'"@"(;*.252='"

%-"909,8&'"='.1'-H"+'=,.$("',"<4.2<74.2:-'?"

! Développement précoce du système nerveux central 

]$"5'=89'"%-" 909,8&'"='.1'-H"%4B-,'" (*.9"%'" ($"<7$9'"%'"='-.-($,2*=":-2" 9-++8%'"

2&&4%2$,'&'=,"@"($"5$9,.-($,2*=?"]$"='-.*5'=89'"1$"$(*.9"%4B-,'."%$=9"($".452*="%*.9$('"%'"

(;'&B.0*="<$."-="4<$299299'&'=,"&4%2*X9$52,,$("%'" (;'+,*%'.&'":-2" ,.$%-2," ($"<.*(2A4.$,2*="

%'" <.4+-.9'-.9" ='-.$-H" '," :-2" A*.&'.$" ($" <($:-'" ='-.$('" cMQd" $-" Dz8&'" N*-." %'" ($" 12'"

'&B.0*==$2.'"cGDzd"+7'T"(;Y*&&'?"]'"%41'(*<<'&'=,"%'"($"MQ"'9,"<(-9".$<2%'"@"(;'H,.4&2,4"

+.s=2$('6":-2"9;4($.52,"'="A*.&'"%'".$:-',,'6"@"(;*.252='"%-"A-,-."+'.1'$-?"];'H,.4&2,4"+$-%$('"

.'9,'"4,.*2,'"',"%'12'=%.$"($"&*'(('"4<2=28.'?"g'.9"G>k6"($"<($:-'"='-.$('"1$"9;2=1$52='."9'(*="

-="$H'".*9,.*X+$-%$("<*-."A*.&'."($"5*-,,28.'"='-.$('?"/*-9"(;2=%-+,2*="%-"&49*%'.&'"',"%'"

($" +7*.%'6" ('9" B*.%9" %'" ($" 5*-,,28.'" 1*=," A-92*=='." @" G>F" <*-." A*.&'." ('" ,-B'" ='-.$(?" ]$"

(-&28.'" %-" ,-B'" ='-.$(" '9," ('" <.4+-.9'-." %-" 909,8&'" 1'=,.2+-($2.'" $%-(,'?" )$=9" ('"&I&'"

,'&<96" %'9" $&$9" +'((-($2.'9" 299-9" %'" ($" T*='" %'" N*=+,2*=" %'" ($" 5*-,,28.'" ='-.$('" '," %'"

(;'+,*%'.&'"9'"%4,$+7'=,"<*-." A*.&'." ('9"+.I,'9"='-.$('9?" ]'9"+'((-('9"%'9"+.I,'9"='-.$('9"

A*.&'=,"-="14.2,$B('":-$,.28&'"A'-2((',"%*=,"9'.*=,"299-9"('9"='-.*='9"',"('9"+'((-('9"5(2$('9"

%'9" 909,8&'9" ='.1'-H" 90&<$,72:-'6" <$.$90&<$,72:-'" '," 9'=9*.2'(" cR09,.*=" '," $(?6" >kkw" �"

g*(<'6" >kkw" �" /,2('9" '," 3'.=25$=6" >kDkd?" !" <$.,2." %'" Gj>6" ('" ='-.*4<2,74(2-&" %'" ($" <$.,2'"

.*9,.$('" %-" ,-B'" ='-.$(" 9'.$" (;*BN'," %;4<$299299'&'=,9" %2AA4.'=,2'(9" :-2" A*.&'.*=," ,.*29"

1492+-('9"^" ('" <.*9'=+4<7$('" cMd" '=" <*92,2*=" .*9,.$('6" ('" &49'=+4<7$('" c#d6" '=" <*92,2*="
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2=,'.&4%2$2.'" '," ('" .7*&B'=+4<7$('" cKd" '=" <*92,2*=" +$-%$('?" O'9" ,.*29" 1492+-('9" 9*=,"

<*92,2*==4'9"9'(*="-='"+*-.B-.'"@"+*=+$12,4"1'=,.$('6"(24'"@"(;$<<$.2,2*="%'"%'-H"92((*=9":-2"

+*=%2,2*=='=,"($"+*-.B-.'"&49'=+4<7$(2:-'"',"($"+*-.B-.'"+4<7$(2:-'"c'=,.'"($"&*'(('"',"('"

.7*&B'=+4<7$('d?"M$."($"9-2,'6"('"<.*9'=+4<7$('"9'"%2129'.$"'=",4('=+4<7$('"',"%2'=+4<7$('6"

('".7*&B'=+4<7$('"9'"%2129'.$"'="&4,'=+4<7$('"',",4('=+4<7$('"$(*.9":-'"('"&49'=+4<7$('"

='"9'"%2129'.$"<$9?"!2=926"1'.9"GE>6"+2=:"9,.-+,-.'9"1492+-('-9'9"9*=,"2=%212%-$(294'9"@"(;*.252='"

%'9"9,.-+,-.'9"='.1'-9'9"%'"(;'=+4<7$('?"O'9"+2=:"9,.-+,-.'9"9*=,"$(25=4'9"9'(*="(;$H'".*9,.*X

+$-%$('" %'" (;'&B.0*=6" A*.&$=," $2=92" (;*.5$=29$,2*=" <.2&$2.'" %-" 909,8&'" ='.1'-H" +'=,.$("

c/QOd" cU25-.'" >d?" !-" +*-.9" %'" ($" +2=:-28&'" 9'&$2='6" ('9" +*-.B-.'9" &49'=+4<7$(2:-'" ',"

+'.12+$('"9;$++'=,-'=,?"]$"+*-.B-.'"<*=,2:-'6"@"+*=+$12,4"%*.9$('"+*&&'=+'"@"9'"%'992='."

'=,.'"('"&04('=+4<7$('"',"('"&4,'=+4<7$('?"

!

/FGEAH!4!I!VFJH!HL!@P?RH!MHJ!TBJFREPHJ!RB@S?PFWEHJ!O!@?ADFA!ME!DEUH!LHEA?P*!

m(n! I/C;*1/+.(.:=+! 109*E(.:A@/! )@! 1.()/! h!F! [*1:0@-/1!i! mB!&! C;=1/+0*C9(-/p! 5!&! E*1/+0*C9(-/p! I!&!
;9=E?/+0*C9(-/n"! m?n! P/! C;=1/+0*C9(-/! )=++/;(! -/! .*-/+0*C9(-/! /.! -/! ):/+0*C9(-/p! -/! ;9=E?/+0*C9(-/!
)=++/;(!-/!E*./+0*C9(-/!/.!-/!E,*-/+0*C9(-/"!P/1!9*E:1C9T;/1!0*;*?;(@>!C;=[:/++/+.!)@!.*-/+0*C9(-/!/.!
-/1![*1:0@-/1!=C.:A@/1!)@!):/+0*C9(-/"!%Z(C;T1!9..C&UUttt"/E?;,=-=6,"09"!
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! Développement du télencéphale 

]'" ,4('=+4<7$('" 1$" %*=='." =$299$=+'" @" %'-H" 1492+-('9" ($,4.$('96" ('9" A-,-.9"

74&29<78.'9" +4.4B.$-H?" ]'9" +$12,49" %'9" 1492+-('9" ,4('=+4<7$(2:-'9" A*.&'=," ('9" 1'=,.2+-('9"

($,4.$-H" :-2" +*&&-=2:-'=," $1'+" ($" +$12,4" %2'=+4<7$(2:-'" <$." ('9" A*.$&'=9"

2=,'.1'=,.2+-($2.'9"c,.*-9"%'"#*=.*d?"]'"+*.,'H"+4.4B.$("c<$((2-&d"9'"%41'(*<<'"@"<$.,2."%'"($"

<$.,2'" %*.9$('" %'9" 1492+-('9" ,4('=+4<7$(2:-'96" $(*.9" :-'" ($" .452*=" ($,4.*X1'=,.$('" %'9"

1492+-('9"c<($=+7'."*-"9-B<$((2-&d"'9,"@"(;*.252='"%'9"4&2='=+'9"5$=5(2*==$2.'9"&4%2$='9"',"

($,4.$('9":-2" A*.&'.*=," ('9"=*0$-H"5.29"+'=,.$-H"c=*0$-"+$-%46"=*0$-" ('=,2+-($2.'"%21294"'="

<-,$&'=" '," <$((2%-&d?" ]'9" 1492+-('9" ,4('=+4<7$(2:-'9" 1*=," 9;4,'=%.'" ,*-," %;$B*.%" 1'.9" ('"

7$-,6"<-29"1'.9"(;$..28.'6"1'.9"('"B$9"',"1'.9"(;$1$=,?"O',,'"+.*299$=+'"%-",4('=+4<7$('"1$"$2=92"

%'992='."-='"+*-.B-.'"@"+*=+$12,4"$=,4.*X2=,'.='"@"(;2=,4.2'-."%'"($:-'(('"9'",.*-1'"(;2=9-($"

:-2" 9'.$" '=A*-2'" '=" <.*A*=%'-.?" M.*5.'9921'&'=," ('" ,4('=+4<7$('" '=1'(*<<'.$" ('"

%2'=+4<7$('6"($"<$.,2'"%*.9$('"%-"&49'=+4<7$('"$2=92":-;-='"<$.,2'"%-"&4,'=+4<7$('?"

! Développement du cortex cérébral 

]$" A*.&$,2*=" %-" +*.,'H" '9," -=" <.*+'99-9" +*&<('H'" +*&<*.,$=," <(-92'-.9"
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1,+(C.:A@/1"!P/1!;*0/C./@;1!X(Y+(./!1/;(:/+.!C-@1!1=@[/+.!-=0(-:1*1!/+!C=1:.:=+!C;*!=@!/>.;(D1,+(C.:A@/p!/.!
u=@/;(:/+.!@+!;r-/!)/!E=)@-(./@;1!)/!-(!.;(+1E:11:=+!1,+(C.:A@/!(11/H!1:E:-(:;/!^!0/-@:!)/1!E3-@I"!J+S:+p!
-/! 6-@.(E(./! />.;(0/--@-(:;/! /1.! E(:+./+@! ^! )/1! 0=+0/+.;(.:=+1! +(+=E=-(:;/1! C(;! )/1! .;(+1C=;./@;1!
C-(1E:A@/1! m-/1! .;(+1C=;./@;1! )Z(0:)/1! (E:+*1! />0:.(./@;1p! J##4! m?M0%'-'#/7( !,%$#( !0%*( :/-$&=#/'./`p!
):1.:+0.1! )/1! .;(+1C=;./@;1! (00@E@-(+.! -/! 6-@.(E(./! )(+1! -/1! [*1:0@-/1! )Z/>=0,.=1/p! -/1! .;(+1C=;./@;1!
]3PV4!mT.&%082-/(628'-,-'.(:/-$&=#/'./nn"!%Z(C;T1!3:/-/+!L`W`"!

!

m-,.'"9*="$+,2*="%'"='-.*,.$=9&2992*="'H+2,$,.2+'6" ('"5(-,$&$,'" 2=,'.12'=,"$-"+*-.9"

%'9" 4,$<'9" +(49" %'" ($" ='-.*5'=89'" c<.*(2A4.$,2*=6" &25.$,2*=6" %2AA4.'=+2$,2*=" ',"

90=$<,*5'=89'd" <$." (;2=,'.&4%2$2.'" %'" 9'9" .4+'<,'-.9" %*=," (;'H<.'992*=6" ($" A*=+,2*=" '," ($"

.4<$.,2,2*=" 1$.2'=," $-" +*-.9" %-" %41'(*<<'&'=," c]-N�=" '," $(?6" >kkF" �" 3$=99*=" '," �J'.&$=6"

>kDEd?"

" "
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!Les récepteurs métabotropiques 

]'9".4+'<,'-.9"&4,$B*,.*<2:-'9"+*=,2'=='=,"-='"<$.,2'"QX,'.&2=$('"'H,.$+'((-($2.'6"

9'<," %*&$2='9" ,.$=9&'&B.$=$2.'9" '," -='" <$.,2'" OX,'.&2=$('" 2=,.$+'((-($2.'" +*-<(4'" @" -='"

<.*,42='"S"cU25-.'D>d?"

!

/FGEAH!+4!I!%H@ABJHLD?DFKL!JRSBC?DFWEH!MQEL!ABRH@DHEA!CBD?UKDAK@FWEH!?E!GPED?C?DH*!

'9(A@/! E=+=ET;/! C=11T)/! @+! -(;6/! )=E(:+/! />.;(0/--@-(:;/! )/! .,C/! PO]$B! m2.80%$.C%&#2.80%$.C9-2%$.@
5%$*%$"( =/#'.%$np! A@:! -:/! -/! 6-@.(E(./p! @+! )=E(:+/! 0=+./+(+.! W\! 0,1.*:+/1! 0=+1/;[*/1p! @+! )=E(:+/!
0=EC;/+(+.!-/1!1/C.!1/6E/+.1!.;(+1E/E?;(+(:;/1!/.!@+/!A@/@/!'D./;E:+(-/![(;:(?-/"!%Z(C;T1!3;*6=;,!/.!
(-"p!L`WF"!

!

]'9" &S(-K" .4<*=%'=," @" -='" 'H<*92,2*=" <.*(*=54'" $-" 5(-,$&$,'" c!,,`'((" '," S2BB6"

>kkFd?" C='" A*29" $+,21496" 2(9" 9*=," .'9<*=9$B('9" %'" &*%-($,2*=9" ('=,'9" %'9" .4<*=9'9"

90=$<,2:-'96" %;-='" .45-($,2*=" %'9" +$=$-H" +$(+2:-'9" '," <*,$992:-'9" '," %'9" .45-($,2*=9" %'9"

.4<*=9'9"2=%-2,'9"<$."(;$+,21$,2*="%'9"2S(-K"cO*=="',"M2=6"Dzzid?""
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]$"A$&2(('"%'9".4+'<,'-.9"&4,$B*,.*<2:-'9"+*&<.'=%"7-2,"9*-9X,0<'96"+($9949"'=",.*29"

5.*-<'9" 9'(*=" ('-.9" 7*&*(*52'9" %'" 94:-'=+'6" ('-.9" <.*<.24,49" <7$.&$+*(*52:-'9" '," ('-.9"

+*-<($5'9"@"%'9"9'+*=%9"&'99$5'.9"cU25-.'"Djd?!!

!

/FGEAH! +6!I! )P?JJFZFR?DFKL! MHJ! ABRH@DHEAJ!

CBD?UKDAK@FWEHJ!?E!GPED?C?DH*!

4;=:1!6;=@C/1!)/!;*0/C./@;1!E*.(?=.;=C:A@/1!=+.!*.*!
:)/+.:S:*1"!P/1!6;=@C/1!O!/.!OO!(0.:[/+.!-(!C9=1C9=-:C(1/!
'! 9%-! -Z(0.:=+! )/! C;=.*:+/1! 3A! /.! 3WW"! P/! 6;=@C/! OOO!
):E:+@/! -Z(0.:[:.*! )/! -Z()*+,-(./! 0,0-(1/! [:(! -/1!
C;=.*:+/1!3:!/.!3`"!%Z(C;T1!'9(+);(1/X(;p!L`WF"!!

"

]'9".4+'<,'-.9"%-"5.*-<'"e"c&S(-KD"',"&S(-KFd"9*=,"+*-<(49"<.4A4.'=,2'(('&'=,"@"($"

A$&2(('" S:vDD" %'9" <.*,42='9" S6" '," $+,21'=," ($" <7*9<7*(2<$9'" Oβ?" O',,'" '=T0&'" <'.&',"

(;70%.*(09'" %-" <7*9<7$,2%0(2=*92,*(" '=" %2$+0(5(0+4.*(" c)!Sd" '," 2=*92,*(" DXEXFX,.2<7*9<7$,'"

ceMjd?" ]'" )!S" =4*A*.&4" <*-..$" $+,21'." %'9" <.*,42='9" J2=$9'9" O" cM_Od" '," <'.&',,.'" ($"

&*B2(29$,2*=" %-" +$(+2-&" 2=,.$+'((-($2.'?" ]'9" .4+'<,'-.9" %-" 5.*-<'" e" 9*=," .',.*-149"

<.2=+2<$('&'=," '=" <*92,2*=" <*9,X90=$<,2:-'?" ]'-." $+,21$,2*=" '=,.$}='" -='" %4<*($.29$,2*="

+'((-($2.'" '," $-5&'=,'" (;'H+2,$B2(2,4" ='-.*=$('" '=" &*%-($=," %'9" +$=$-H" 2*=2:-'9"

&'&B.$=$2.'9"cS.'5*.0"',"$(?6">kDjd?"

]'9".4+'<,'-.9"%-"5.*-<'"ee"c&S(-K>"',"&S(-Kjd"',"%-"5.*-<'"eee"c&S(-KE6"&S(-Kf6"

&S(-Ki"',"&S(-Kwd"9*=,"+*-<(49"&$N*.2,$2.'&'=,"$-H"<.*,42='9"S2v*"',"'=,.$}='=,"(;2=72B2,2*="

%'" (;$%4=0(+0+($9'" c!Od" '," ($" %2&2=-,2*=" %'" ($" <.*%-+,2*=" %;$%4=*92='" &*=*<7*9<7$,'"
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+0+(2:-'"c!#M+d"cQ29`'=%'."',"O*==6">kDkd?" e(9"9*=,"<.2=+2<$('&'=,"(*+$(2949"$-"=21'$-"%'9"

,'.&2=$29*=9"<.4X90=$<,2:-'9" c&$29" 2(9" 9*=,"<$.A*29"<*92,2*==49"'="<*9,X90=$<,2:-'d"'," ('-."

$+,21$,2*=" 2=72B'" ($" (2B4.$,2*="%'"='-.*,.$=9&',,'-.9"c5(-,$&$,'"*-"S!R!"9'(*=" ('",0<'"%'"

='-.*='d"cU25-.'"DEd"cS-"',"$(?6">kD>"�"S.'5*.0"',"$(?6">kDjd?!!

!

/FGEAH!+Y!I!1HJ!ABRH@DHEAJ!CBD?UKDAK@FWEHJ!?E!GPED?C?DH!?E!JHFL!MH!P?!J_L?@JH*!
P/1!E3-@I!)@!6;=@C/!O!m[/;.np!1=+.!6*+*;(-/E/+.!-=0(-:1*1!(@!+:[/(@!C=1.D1,+(C.:A@/p!/.!0/@>!)@!6;=@C/!OO!
m?-/@n! /.! OOO! m;=@6/n! (@! +:[/(@! C;*D1,+(C.:A@/p! ?:/+! A@Z:-! />:1./! A@/-A@/1! />0/C.:=+1"! #@! +:[/(@! C;*D
1,+(C.:A@/p!-/1!E3-@ILp!Fp!8!/.!d!1/!.;=@[/+.!6*+*;(-/E/+.!/+!C=1:.:=+!/>.;(1,+(C.:A@/!/.!-/!E3-@I\!/1.!
1:.@*! )(+1! -(! H=+/! (0.:[/"! P/1! E3-@I! )/1! 6;=@C/1! OO! /.! OOO! :+9:?/+.! -(! -:?*;(.:=+! )/! 6-@.(E(./! m0/;0-/1!
u(@+/1n!=@!)/!3#$#!m0/;0-/1!;=@6/1np!.(+):1!A@/!0/@>!)@!6;=@C/!O!S([=;:1/+.!1(!-:?*;(.:=+"!P(!0/--@-/!6-:(-/!
(@!1/:+!)/!-(A@/--/!1=+.!/>C;:E*1!-/1!E3-@IF!/.!G!/1.!@+!1:./!0-*!C=@;!-(!;*6@-(.:=+!)/!-Z(0.:[:.*!1,+(C.:A@/p!
?:/+!A@/!-/1![=:/1!)/!1:6+(-:1(.:=+!/.!-/1!0=+1*A@/+0/1!)/!-Z(0.:[(.:=+!)/!0/1!;*0/C./@;1!1@;!0/1!0/--@-/1!+/!
1=:/+.!C(1!(0.@/--/E/+.!?:/+!0=++@/1"!%Z(C;T1!<:1t/+)/;!/.!'=++p!L`W`"!

!

!" (;'H+'<,2*=" %'" &S(-Kf" :-2" '9," (*+$(294" %$=9" ($" .4,2='6" ('9" .4+'<,'-.9"

&4,$B*,.*<2:-'9" 9*=,"'H<.2&49"%'" A$\*="-B2:-2,$2.'"%$=9" (;'=9'&B('"%-" 909,8&'"='.1'-H"

+'=,.$(6"@" ($"A*29"$-"9'2="%'9"='-.*='9"',"%'9"+'((-('9"5(2$('9?"]'9"9*-9X,0<'9"%'9".4+'<,'-.9"

&4,$B*,.*<2:-'9" *=," =4$=&*2=9" -='" (*+$(29$,2*=" .452*=$('" 9<4+2A2:-'" cU'..$5-,2" ',"

/725'&*,*6">kkf"�"U25-.'"DFd?""

!"#$%

&'(()('%

*(+,('%
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!

/FGEAH!+5!I!'FJDAFUEDFKL!J@?DF?PH!MHJ!C;PE%!RSHb!PH!%?D!?MEPDH*!

J>C;/11:=+!C(;!9,?;:)(.:=+!%$(&%'8()/1!#I<E!)/1!):SS*;/+.1!E3-@I!(@!1/:+!)@!0/;[/(@!)/!;(.!()@-./"!#0?!&!
-008,5.$&($802.8&(w!#2$!&!-00.&&#/7(#23-0'#/7(5825(w!'?!&!0./.5.228,(w!'>!&!$.#0#/'.M(w!3B!&!"2#58&(=-22%*8&(w!
Q:! &!>%==#0-,=8&(w! O'! &! %$3./%#/(0#22%0828&(w! P7! &! 2-'./-2(&.='8,(w!52$! &!,-%$(#23-0'#/7(5825(w! B:;! &!=%/%3#/,(
0#/'.M(w! 24! &!#23-0'#/7('85./082.(w! 7'! &! &8=./%#/(0#22%0828&(w! 7<! &! &85&'-$'%-($%"/-(w! 7.! &!$.#&'/%-'8,(w! 7C]! &!
&=%$-2(9.&'%582-/($802.8&(w!49!&!'>-2-,8&(w!]B!&!9.$'/-2(=-22%*8,"!%Z(C;T1!K/;;(6@.:!/.!79:6/E=.=p!L``g"!

"

!Les récepteurs ionotropiques 

O7$:-'"2S(-K"'9,"-=",4,.$&8.'"+*&<*94"%'":-$,.'"9*-9X-=2,49"$..$=54'9"$-,*-."%;-="

-=2:-'"<*.'"+'=,.$("^"('"+$=$("2*=2:-'?"];$+,21$,2*="%'9"2S(-K"'9,"@"(;*.252='"%;-="A(-H"2*=2:-'"@"

,.$1'.9" ($"&'&B.$='" <($9&2:-'" %-" ='-.*='6" <.*1*:-$=," 9$" %4<*($.29$,2*=" '," <'.&',,$=,"

%;2=2,2'." -=" <*,'=,2'(" %;$+,2*=?" ]'9" 2S(-K" $%*<,'=," -='"&I&'" $.+72,'+,-.'"^" -='" 'H,.4&2,4"

+$.B*H0",'.&2=$('"cOV)d"2=,.$+'((-($2.'"2&<(2:-4'"%$=9"('",.$A2+"',"(;$=+.$5'"%'9".4+'<,'-.9"@"

($" 90=$<9'" c/7'=5" '," _2&6" >kk>d"�" -='" <$.,2'" ,.$=9&'&B.$=$2.'" cV#)d" :-2" A*.&'" ('" +$=$("
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2*=2:-'" '," :-2" <.49'=,'" -='" 7*&*(*52'" %'" 94:-'=+'" $1'+" +'.,$2=9" +$=$-H" <*,$992:-'9"

c#$0'.6">kkfd"�"-='".452*="'H,.$+'((-($2.'6"A*.&4'"<$."-=",$=%'&"%'"%'-H"($.5'9"%*&$2='9"

B2(*B496" +*&<*94'" %;-=" %*&$2='" %'" (2$29*=" %'9" $5*=29,'9" c26".$-&( E$.;$.6(P"A3$.6" !R)d6"

+*=='+,4" @" ($" <$.,2'" ,.$=9&'&B.$=$2.'6" <-29" -=" %*&$2='" $&2=*X,'.&2=$(" c+N&%*A$.34(

;"A3$.6" QV)d?" ]'9" 2S(-K" 9'" +*&<*.,'=," '=" %2&8.'9" %'" %2&8.'9" c!.&9,.*=5" '," S*-$-H6"

>kkkd?"]'9"%*&$2='9"!R)"%'"%'-H"9*-9X-=2,49"$%N$+'=,'9"9'"%2&4.29'=,"12$"-='"$<<*92,2*="

W"%*9X@X%*9"[" %'" ('-." (*B'" 9-<4.2'-.?" ]$" (2$29*=" %'" (;$5*=29,'" @" +7$:-'" %*&$2='" !R)" 1$"

<.*1*:-'."(;4+$.,'&'=,"%'9"%'-H"%*&$2='9"!R)"$%N$+'=,96"'=,.$}=$=,"(;*-1'.,-.'"%-"+$=$("

2*=2:-'"cU25-.'"Dfd?"

!

/FGEAH! +[!I! &AG?LFJ?DFKL! CKMEP?FAH! HD! CBR?LFJCH! MQ?RDFT?DFKL! MHJ! JKEJcELFDBJ! MHJ! ABRH@DHEAJ!

FKLKDAK@FWEHJ!?E!GPED?C?DH*!

P(! C(;.:/! .;(+1E/E?;(+(:;/! 1*C(;/! -(! 1*A@/+0/! )/! -Z#$%! /+! )/@>! 1/6E/+.1! m7W! /.! 7Ln"! P(! -:(:1=+! )/!
-Z(6=+:1./! C;=[=A@/! -Z*0(;./E/+.! )/! 09(A@/! )=E(:+/! #$%p! C/;E/..(+.! -Z=@[/;.@;/! )@! C=;/! :=+:A@/! /.!
-Z(0.:[(.:=+!)@! ;*0/C./@;""<4%! &!)=E(:+/!(E:+=D./;E:+(-p!#$%! &!)=E(:+/!)/! -:(:1=+!)/! -Z(6=+:1./p!45%! &!
)=E(:+/!.;(+1E/E?;(+(:;/p!'4%!&!)=E(:+/!0(;?=>,D./;E:+(-"!%Z(C;T1!3:/-/+p!L`W`""

"

]'9" 2S(-K" 9*=," .'9<*=9$B('9" %'" ($" ,.$=9&2992*=" 90=$<,2:-'" 'H+2,$,.2+'" .$<2%'?" ]'-."

+2=4,2:-'"%;$+,21$,2*="'9,"$99'T"4('14'"$A2="%'"<'.&',,.'"-='".4<*=9'"@"-='"(2B4.$,2*="B.81'"

%'"5(-,$&$,'"@"($"90=$<9'6"+*&&'"(*.9"%;-='"A-92*="1492+-($2.'?"V.*29"+($99'9"%;2S(-K"*=,"4,4"

2%'=,2A24'9"'=" A*=+,2*="%'" ('-."$AA2=2,4" 94('+,21'"<*-."-=" (25$=%"^" ('9" .4+'<,'-.9" 9'=92B('9"@"

(;$(<7$X$&2=*XjX70%.*H0XFX&4,70(XEX29*$T*('X<.*<2*=$,'"cKX!#M!d6" ('9".4+'<,'-.9"9'=92B('9"

$-" J$a=$,'" '," ('9" .4+'<,'-.9" 9'=92B('9" $-"QX&4,70(X)X$9<$.,$,'" cKXQ#)!d" cU25-.'" Did?" ]'9"
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.4+'<,'-.9" !#M!" ',"Q#)!" 9*=," ('9" <.2=+2<$-H" .4+'<,'-.9" <*9,X90=$<,2:-'96" $(*.9" :-'" ('9"

.4+'<,'-.9" J$a=$,'" 9*=," (*+$(2949" 9-." ('9" ='-.*='9" <.4" '," <*9,X90=$<,2:-'9" '," ('-." .P('" %'"

&*%-($,'-." %'" ($" ,.$=9&2992*=" 9'.$2," $99'T" <.*+7'" %'" +'(-2" %'9" &S(-K" cY-',,='.6" >kkj" �"

]'.&$6">kkj"�"M2=7'2.*"',"#-(('6">kkfd?!!

!

/FGEAH!+^!I!)P?JJFZFR?DFKL!MHJ!ABRH@DHEAJ!FKLKDAK@FWEHJ!?E!GPED?C?DH*!

2+! ):1.:+6@/! -/1! ;*0/C./@;1! <5%#p! #5B#! /.! X(Y+(./"! P/@;! (0.:[(.:=+!
E=):S:/! -/1!S-@>!:=+:A@/1!E/E?;(+(:;/1p!+=.(EE/+.!C=@;!-/!0(-0:@E!/.! -/!
1=):@E"!%Z(C;T1!'9(+);(1/X(;p!L`WF"!

"

!!!"#"$! 3*/+6%2*"5*.6/+B>CB+

]'9" .4+'<,'-.9" !#M!6" 'H<.2&49" 9-." (;'=9'&B('" %-" +'.1'$-6" 9*=," <.2=+2<$('&'=,"

.'9<*=9$B('9"%'" ($" ,.$=9&2992*="90=$<,2:-'".$<2%'" c!,,`'(("',"S2BB6">kkF" �"V.$0='(29"',"$(?6"

>kDkd6"&$29"$-992"%'"($"<($9,2+2,4"90=$<,2:-'"%-"909,8&'"='.1'-H"+'=,.$("cY$%T2+"',"$(?6">kDid?"

!<.89"(2$29*="$-"5(-,$&$,'6"(;*-1'.,-.'"%-"<*.'"<'.&',"-="$AA(-H"%;2*=9"9*%2-&6"$99*+24"@"-="

'AA(-H"%;2*="<*,$992-&?"G="A*=+,2*="%'"9$"+*&<*92,2*="'="9*-9X-=2,496"2("<'-,"$-992"N*-'."9-."

('9"4+7$=5'9"+$(+2:-'9?"]'9".4+'<,'-.9"!#M!"9*=,"%'9"7*&*X"*-"%'9"74,4.*&8.'96"+*&<*949"

%'":-$,.'"9*-9X-=2,49"<$.&2" ('9" 9*-9"-=2,49"S(-!D6"S(-!>6"S(-!j"*-"S(-!E" c$=+2'=='&'=,"

%4=*&&4'9"S(-KD6"S(-K>6"S(-Kj" *-"S(-KEd6" +*%4'9" .'9<'+,21'&'=," <$." ('9" 58='9"S.2$" D6"

S.2$">6"S.2$"j"',"S.2$"E?"O7$:-'"58='"%'9"9*-9X-=2,49"%-"KX!#M!"%*=='"=$299$=+'"@"<(-92'-.9"

29*A*.&'9" <$." 4<299$5'" $(,'.=$,2A" ',6" <*-." S(-!>6" <$." 4%2,2*=" %'" (;!KQ?" O'9" &*%2A2+$,2*=9"

<*9,X,.$=9+.2<,2*=='(('9" $-5&'=,'=," +*=92%4.$B('&'=," ($" %21'.92,4" A*=+,2*=='(('" %'9" KX

!#M!?"M$."'H'&<('6"-="4<299$5'"$(,'.=$,2A"'="OX,'.&2=$("&*%2A2'"($",$2(('"%'"+',,'".452*=?"e("$"

'="'AA',"4,4"&29"'="412%'=+'"-='"(*=5-'":-'-'"OX,'.&2=$('"<*-."('9"9*-9X-=2,49"S(-!D6"-="
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1$.2$=,"%;4<299$5'"S(-!>(*=56"',"S(-!E"$2=92":-;-='":-'-'"OX,'.&2=$('"+*-.,'"<*-."S(-!>"',"

S(-!j" cS$((*" '," $(?6" Dzz>" �" _�7('." '," $(?6" DzzEd?" O',,'" 1$.2$B2(2,4" %'" ($" ,$2(('" %'9" .452*=9" OX

,'.&2=$('9"$"-="2&<$+,"9-."($"A*=+,2*="%-".4+'<,'-."^"('9"9*-9X-=2,49"<*994%$=,"('9":-'-'9"OX

,'.&2=$('9"('9"<(-9"(*=5-'9"<.49'=,'=,"@"('-."'H,.4&2,4"%'9"94:-'=+'9"%'"(2$29*="@"+'.,$2='9"

<.*,42='9"M)Z"cF#&'(&7$-='%0(*.$&%'7(=/#'.%$P(+/#&#=>%2-(*%&0(2-/".('8,#/(&8==/.&&#/P(-$*(

W#$82-(#0028*.$&@R(=/#'.%$n"',"N*-'=,"%*=+"-=".P('"&$N'-."%$=9"(;$=+.$5'"%'9".4+'<,'-.9"@"

($"%'=92,4"<*9,X90=$<,2:-'?" ];4<299$5'"'9,"%*=+"-="4(4&'=,"+(4"%-" ,.$A2+" 90=$<,2:-'"%'9"KX

!#M!" cR.'%," '," Q2+*((6" >kkjd?" C=" $-,.'" 'H'&<('" '9," +'(-2" %'" (;4%2,2*=" %;-='" 5(-,$&2='"

c+7$.5'" ='-,.'d" %'" (;!KQ" %'" ($" 9*-9X-=2,4" S(-!>" '=" $.52=2='" c+7$.5'" <*92,21'd?" O',,'"

&*%2A2+$,2*="%'" ($" 9*-9X-=2,4"'9," 9,.$,452:-'"+$." (;$.52=2='" +7$.54'"<*92,21'&'=," +*=9,2,-'"

-='"14.2,$B('"B$..28.'"4('+,.*9,$,2:-'"$-H" 2*=9" +$(+2-&"'," .'=%" ('9" .4+'<,'-.9" +*&<.'=$=,"

S(-!>" 2&<'.&4$B('9" $-" +$(+2-&" cY-&'" '," $(?6" DzzD" �" R-.=$97'1" '," $(?6" Dzz>d?" M$." +'9"

&4+$=29&'96" ('9"KX!#M!"+*=,'=$=,"S(-!>"(2&2,'=," ('9" 2=A(-H"+$(+2:-'9"',"<'-1'=," N*-'."-="

.P('"<.*,'+,'-."129"@"129"%'"(;'H+2,*,*H2+2,4"cV$(*9"',"$(?6">kkf"�"e9$$+"',"$(?6">kki"�"]2-"',"Z-J2=6"

>kkid?"!2=926"(*.9"%'"($"A'=I,.'"%'"1-(=4.$B2(2,4"$-H"(492*=9"%'"($"9-B9,$=+'"B($=+7'":-;'9,"($"

<.4&$,-.2,4"c>EXjf"/!d6"('9"KX!#M!"='"+*=,'=$=,"<$9"S(-!>"9*=,"A*.,'&'=,"'H<.2&49"%$=9"

($"5(2'".$%2$2.'6"('9"*(25*%'=%.*+0,'9"',"('9"='-.*='9"%'"($"9*-9X<($:-'?"!"(;2=1'.9'6"<'=%$=,"

('9" <4.2*%'9" <.*+7'9" %-" ,'.&'" cjwXE>" /!d" &$.:-4'9" <$." ($" 9-9+'<,2B2(2,4" $-H" (492*=9"

+*.,2+$('9" '," $-H" +.29'9" +*=1-(921'96" ('9" KX!#M!" ='" +*=,'=$=," <$9" S(-!>" 9*=," 'H<.2&49"

<.4A4.'=,2'(('&'=,"%$=9"('9"='-.*='9"+*.,2+$-H"<0.$&2%$-H"*-"=*="<0.$&2%$-H"cV$(*9"',"$(?6"

>kkf"�"U25-.'"Dwd?"
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/FGEAH!+`!I!.N@AHJJFKL!ME!ABRH@DHEA!2V82!J?LJ!JKEJcELFDB!;PE24!RSHb!PQ3KCCH!HD!PH!%?D*!

'9/H! -ZQ=EE/p! [/;1! L`DL8! 7#p! -(! 6-:/! ;():(:;/! />C;:E/! S=;./E/+.! )/1! ;*0/C./@;1!#5B#! 1(+1! 1=@1D@+:.*!
3-@#Lp! (-=;1! A@Z/+.;/! LG! /.! F\! 7#p! 0/1! ;*0/C./@;1! 1=+.! />C;:E*1! .;(+1:.=:;/E/+.! (@! +:[/(@! )/1!
=-:6=)/+);=0,./1!C;*E,*-:+:1*1!/.!)/1!+/@;=+/1!)/!-(!1=@1DC-(A@/"!#!C(;.:;!)/!Fd!7#p!-/1!;*0/C./@;1!#5B#!
1(+1! 3-@#L! 1=+.! />C;:E*1! 1C*0:S:A@/E/+.! (@! +:[/(@! )/1! +/@;=+/1! 0=;.:0(@>p! /.! )@;(+.! -Z/+S(+0/! 0/1!
;*0/C./@;1!+/!1=+.!;/.;=@[*1!A@/!1@;!-/1!+/@;=+/1!+=+DC,;(E:)(@>"!O-!/>:1./!@+/!1:E:-(;:.*!)Z/>C;/11:=+!
)/1!;*0/C./@;1!#5B#!1(+1!3-@#L!09/H!-/!I(."!P/1!C*;:=)/1!)/!1@10/C.:?:-:.*!(00;@/!(@>!*C:1=)/1!)Z9,C=>:/!
/.!)Z:109*E:/!1/E?-/+.!0=;;*-*/1!([/0!@+!)*S:0:.!/+!1=@1D@+:.*!3-@#L"!#]'!&!(00:)/+.![(10@-(:;/!0*;*?;(-"!
PB]!&!-/@0=E(-(0:/!C*;:[/+.;:0@-(:;/"!%Z(C;T1!4(-=1p!L``g"!

!

e(" 'H29,'" 45$('&'=," %'9" &*%2A2+$,2*=9" <*9,X,.$%-+,2*=='(('9" c<7*9<7*.0($,2*=6"

5(0+*90($,2*=6" <$(&2,*0($,2*=6" -B2:-2,2=$,2*=ld" :-2" 9*=," 2=%29<'=9$B('9" @" ($" .45-($,2*=" %'"

(;$+,212,4" %-" .4+'<,'-.6" 9*=" ,.$=9<*.," @" ($" &'&B.$='6" 9$" 9,$B2(29$,2*=" '," 9*=" $+,21$,2*="

c!=55*=*"',"Y-5$=2.6">kD>d?""

]'9" 9*-9X-=2,49" 9*=," 'H<.2&4'9" '," .45-(4'9" %2AA4.'&&'=," 9'(*=" ('" 9,$%'" %'"

%41'(*<<'&'=," cU25-.'"Dzd?"];'H<.'992*="%'9"9*-9X-=2,49"S(-!D6"S(-!>"',"S(-!j"$-5&'=,'"

$-" +*-.9" %-" %41'(*<<'&'=," '," <'.929,'" @" (;s5'" $%-(,'6" $(*.9" :-'" ($" 9*-9X-=2,4" S(-!E" '9,"

A*.,'&'=," 'H<.2&4'" <'=%$=," ('" %41'(*<<'&'=," <.4+*+'6" <-29" 9*=" 'H<.'992*=" %2&2=-'" ',"

%'12'=," :-$92X2='H29,$=,'" @" (;s5'" $%-(,'" cZ7-" '," $(?6" >kkk" �" ]*7&$==" '," _'99'(96" >kDEd?" !-"

9,$%'"&$,-.'6"2("'H29,'"&$N*.2,$2.'&'=,"$-"9'2="%'9"90=$<9'9"'H+2,$,.2+'9"%'"(;72<<*+$&<'"',"

!"#$%"&#%'

()*'

+,--!'

.(' (/0$1%'

-#$#%0'/%'$2'

345&&%&&%'

62#&&278%' 9'27&'

(/0$1%'

(/0$1%'

6%0457%&'757'":42;#/20<'

&27&'=$0(>'

6%0457%&'":42;#/20<'&27&'

=$0(>'

6%0457%&'/%'$2'&50&?"$2@0%'

&27&'=$0(>'

'

,$#35/%7/458:1%''

&27&'=$0(>'

'

=$#%'42/#2#4%'

&27&'=$0(>'

'

A504&'"5&1'7212$'

A504&'"5&1'7212$'

!"#$



!

!

!

INTRODUCTION 

!

! !

88!

%-" +*.,'H" %'9" 74,4.*&8.'9" S(-!DvS(-!>6" S(-!>vS(-!j" ',6" '=" :-$=,2,4" &*2=%.'6" %'9"

7*&*&8.'9"S(-!D"cY'=('0"',"r2(J2=9*=6">kDfd?"

!

/FGEAH!+:!I!.TKPEDFKL!?E!RKEAJ!ME!DHC@J!MH!PQHN@AHJJFKL!MHJ!JKEJcELFDBJ!ME!ABRH@DHEA!2V82!RSHb!PH!

AKLGHEA*+
]$"9*-9X-=2,4"S(-!E"'9,"&$N*.2,$2.'&'=,"'H<.2&4'"@"($"=$299$=+'6"<-29"9*="'H<.'992*="%2&2=-'"<.*5.'9921'&'=,"
<*-."%'1'=2.":-$92X=-(('"@"<$.,2."%'"Mi?"]$"9*-9X-=2,4"S(-!>(*=5"'9,"&*0'=='&'=,"'H<.2&4'"@"($"=$299$=+'?"/*="
'H<.'992*=" $-5&'=,'" <.*5.'9921'&'=," N-9:-;@" -=" <2+" @" Mi?" C='" %2&2=-,2*=" '9," '=9-2,'" *B9'.14'" $A2="
%;$,,'2=%.'"<.*5.'9921'&'=," ('" ,$-H"%'"=$299$=+'"@"ME>?"G=A2=6" ('9" 9*-9X-=2,49"S(-!j6"S(-!>vj"',"S(-!D"9*=,"
A$2B('&'=,"'H<.2&4'9"@"Mk?" ]'-." ,$-H"%;'H<.'992*="$-5&'=,'" N-9:-;@"$,,'2=%.'"-="<($,'$-"1'.9"MDE?");$<.89"
]*7&$="',"_'99'(96">kDE?"

!

]'9" KX!#M!" <'-1'=," I,.'" 'H,.$X90=$<,2:-'9" *-" <.4X90=$<,2:-'9" &$29" 2(9" 9*=,"

&$N*.2,$2.'&'=,"'="<*92,2*="<*9,X90=$<,2:-'?"C='"%'"('-.9"+$.$+,4.29,2:-'9"'9,"('-."&*B2(2,4"

,*-,"$-"(*=5"%'"($"9-.A$+'"&'&B.$=$2.'"'=,.'"('9"T*='9"90=$<,2:-'9"',"'H,.$X90=$<,2:-'9?"e(9"

9*=,"$-992"&*B2('9"$-"9'2="&I&'"%'"($"+'((-('"<*-."$++4%'."@"($"9-.A$+'"*-"<*-."9;'="4(*25='."

cO7$,'."',"S*%$6">kDEd?" ];$%.'99$5'"%-"KX!#M!"%-" .4,2+-(-&"'=%*<($9&2:-'"@" ($" 90=$<9'"

'9," 9*-9" ('" +*=,.P('" %'" <.*,42='9" $-H2(2$2.'9" +*&&'" +'(('9" %'" ($" A$&2(('" V!KM"

cH*3.-A%AG*3.%(25:2(*%#%8&"*(<%6,43&"*'(:*"&%$.-d6"@"($:-'(('"$<<$.,2'=,"($"9,$.5$T2='6"',"

($" 9,$B2(29$,2*=" %'9" .4+'<,'-.9" @" ($"&'&B.$='" %4<'=%" %'" M/)zF" c:"-&-'.38&$#( ;%.-$&'" zFd"

c/,.$-B"',"V*&2,$6">kD>"�"U25-.'">kd?"

!"#$%&$'()*+,-+*
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/FGEAH!4>!I!$A?ZFR!ME!ABRH@DHEA!2V82*!

P/! ;*0/C./@;! #5B#! 1Z(11=0:/! ^! )/1! C;=.*:+/1! (@>:-:(:;/1! 0=EE/! '<OQ!

mC;=.*:+/!W"0=;+:09=+![n!/.!4#IB!)(+1! -Z9:CC=0(EC/"!4#IB!E=)@-/!^! -(! S=:1!
-Z/>C;/11:=+! )/1! ;*0/C./@;1! #5B#! ^! -(! 1@;S(0/! (:+1:! A@/! -(! -=0(-:1(.:=+!
1,+(C.:A@/"! P/! 0=EC-/>/! ;*0/C./@;! #5B#UC;=.*:+/1! (@>:-:(:;/1! /1.! 1.(?:-:1*!
C(;!)/1!)/+1:.*1!C=1.D1,+(C.:A@/1"!%Z(C;T1!7.;(@?!/.!'=E:.(p!L`WL"!

!

!!!"#"#! 3*/+6%2*"5*.6/+D-E0-5*+

]'" J$a=$,'" '9," 299-" %'" (;$(5-'" &$.2='" P$6%.$3( -$A84%J6" %4=*&&4'" '=" N$<*=$29"

W"J$2=2=9**"[?" ]'9" .4+'<,'-.9" J$a=$,'" 9*=," -B2:-2,$2.'9" %$=9" ('" 909,8&'" ='.1'-H" +'=,.$("

cR$7=" '," $(?6" DzzEd" '," <$.,2+2<'=," @" %'" =*&B.'-9'9" $+,2*=96" =*,$&&'=," ('" +*=,.P('" %'"

(;$+,212,4" %'9" +2.+-2,9" ='-.*=$-H" '," ('" %41'(*<<'&'=," 90=$<,2:-'" c]'.&$6" >kkf" �" ]'.&$" ',"

#$.:-'96" >kDjd?" O*=,.$2.'&'=," $-H" $-,.'9" 2S(-K6" 2(9" 9*=," <'-" 2&<(2:-49" %$=9" ($"

='-.*,.$=9&2992*="'H+2,$,.2+'"cO*<2,9"',"/`$=9*=6">kD>"�"/27.$"',"$(?6">kDEd?"

]'9" .4+'<,'-.9" J$a=$,'" 9*=," %'9" ,4,.$&8.'9" A*.&49" %;-='" +*&B2=$29*=" %'9" 9*-9X

-=2,49" S(-_D6" S(-J>6" S(-_j6" S(-_E" '," S(-_F" c$=+2'=='&'=," %4=*&&4'9" S(-KF6" S(-Kf6"

S(-Ki6" _!D6" '," _!>d?" ]'9" ,.*29" <.'&28.'9" 9*-9X-=2,49" <.49'=,'=," -='" W"A$2B('" $AA2=2,4"[" @"

(;$+2%'" J$a=2:-'6" '=" +*&<$.$29*=" $-H" 9*-9X-=2,49" S(-_E" '," F" :-2" 9*=,6" '(('96" 7$-,'&'=,"

$AA2='9" <*-." ('" (25$=%" c/`$=9*=" '," /$J$26" >kkzd?" ]'9" 9*-9X-=2,49" @" A$2B('" $AA2=2,4" <'-1'=,"
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9;$99'&B('."'=,.'"'(('9"'="7*&*X"*-"74,4.*&8.'9"<*-."%*=='."=$299$=+'"@"%'9".4+'<,'-.9"

A*=+,2*=='(9" cO-2" '," #$0'.6" Dzzz" �" M$,'.=$2=" '," $(?6" >kkkd?" G=" .'1$=+7'" S(-_E" '," S(-_F"

%*21'=,"9;$99'&B('."*B(25$,*2.'&'=,"'="74,4.*&8.'9"$1'+"S(-_D6"S(-_>"*-"S(-_j?"

]'".4+'<,'-."J$a=$,'"<.49'=,'"-='"9,.-+,-.'"%29,2=+,'"%'9"$-,.'9"2S(-K"^"-="%*&$2='"

QX,'.&2=$(" 'H,.$+'((-($2.'" 4,'=%-6" 9-212" %;-=" 92&<('"%*&$2='" ,.$=9&'&B.$=$2.'" c#Dd6" -='"

B*-+('" &'&B.$=$2.'" .4'=,.$=,'" M" c#>d6" -=" $-,.'" %*&$2='" ,.$=9&'&B.$=$2.'" c#jd6" -='"

B*-+('"'H,.$+'((-($2.'"',"-="%'.=2'."%*&$2='",.$=9&'&B.$=$2.'"c#Ed"<.4+4%'=,"('"%*&$2='"

+$.B*H0",'.&2=$("cO*=,.$+,*."',"$(?6">kDDd?"]'"%*&$2='"%'"(2$29*="$-"(25$=%"c]R)"<*-."G%"-$*(

)%$*%$"(+#,-%$d"'9,"A*.&4"<$."('"<.4X%*&$2='"#D"c$<<'(4"/Dd"',"($"B*-+('"'=,.'"#j"',"#E"

c$<<'(4'"/>d"cU25-.'">Dd"c/,'.=XR$+7"',"$(?6"DzzEd?"

!

/FGEAH!4+!I!%H@ABJHLD?DFKL!JRSBC?DFWEH!ME!ABRH@DHEA!d?eL?DH*!

]:1@(-:1(.:=+!)/1! .;=:1!)=E(:+/1! .;(+1E/E?;(+(:;/1! m5Wp!5F!/.!58n!/.!)/! -(!?=@0-/!;*D/+.;(+./!5Lp!)/!
-Z/>.;*E:.*!<! ./;E:+(-/! /.! )/! -(! ?=@0-/!'D./;E:+(-/! :+.;(0/--@-(:;/"!%W! /.!%L! 1=+.! -/1! -=?/1! 0=+./+(+.! -/!
)=E(:+/!)/!-:(:1=+!)@!-:6(+)!mP$%n"!IW!/.!IL!1=+.!-/1!-=?/1!)@!)=E(:+/!<D./;E:+(-!m<4%n"!P/1!)=E(:+/1!
<4%!/.!P$%!1=+.!:--@1.;*1!/+!0;:1.(--=6;(C9:/"!%Z(C;T1!'=+.;(0.=;!/.!(-"p!L`WW"!

!
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]'9"9*-9X-=2,49"S(-_D"9*=,"<.2=+2<$('&'=,"<.49'=,'9"%$=9"(;72<<*+$&<'6"$-"9'2="%'9"

2=,'.='-.*='9" +*.,2+$-H6"%'9" +'((-('9"%'"M-.J2=N'"',"%'9"='-.*='9" 9'=92,2A9?" /*="'H<.'992*="

$-5&'=,'"$-"+*-.9"%-"%41'(*<<'&'=,6"$1'+"-="<2+"$-"+*-.9"%'"($"<.'&28.'"9'&$2='"%'"12'"

+7'T"('".*=5'-."c]'.&$"',"#$.:-'96">kDjd?"];'H<.'992*="%'"S(-_>"'9,"<.4%*&2=$=,'"%$=9"('9"

+'((-('9" <0.$&2%$('9" %'" (;72<<*+$&<'6" ('9" +'((-('9" 5.$=-($2.'9" +4.4B'(('-9'9" ',"

72<<*+$&<2:-'9"',"('9"+'((-('9"<0.$&2%$('9"+*.,2+$('9"cM$,'.=$2="',"$(?6">kkjd?"S(-_j"'9,"<'-"

'H<.2&46"'99'=,2'(('&'=,"$-"=21'$-"%'"($"+*-+7'"eg"%-"=4*+*.,'H"',"%-"50.-9"%'=,4"cr29%'="

'," /''B-.56" Dzzjd?" S(-_E" '9," <.49'=," %$=9" ('9" ='-.*='9" <0.$&2%$-H" %'" (;$2.'" O!j" %'"

(;72<<*+$&<'6" $-" 9'2=" %-" 50.-9" %'=,4" '," %'9" +'((-('9" %'" M-.J2=N'?" G=A2=" S(-_F" '9,"

$B*=%$&&'=,"'H<.2&4" 9-." (;'=9'&B('"%-" +'.1'$-" cR$7="'," $(?6" DzzE" �" ]'.&$"',"#$.:-'96"

>kDjd?"

O*&&'"<*-."('9"KX!#M!6"('9"<.*<.24,49"%'9".4+'<,'-.9"J$a=$,'"9*=,"%4,'.&2=4'9"<$."

(;4<299$5'"$(,'.=$,2A"',"(;4%2,2*="%'"('-."!KQ?"];'H,.4&2,4"OX,'.&2=$('"%'9"9*-9X-=2,49"S(-_D6"

S(-_>" '," S(-_j" 9-B2," -=" 4<299$5'" $(,'.=$,2A" 92&2($2.'" @" +'(-2" %'9" 9*-9X-=2,49" %-" KX!#M!"

cR',,('." ',"#-(('6" DzzF" �" /+72AA'." '," $(?6" Dzzid?" ];'H,.4&2,4" OX,'.&2=$('" $2=92" &*%2A24'6" '="

2=,'.$+,2*=" $1'+" %'9" <.*,42='9" 2=,.$+'((-($2.'96" <'.&',,.$2," (;$%.'99$5'" %'9" .4+'<,'-.9" @"

<$.,2."%-".4,2+-(-&"'=%*<($9&2:-'"',"9*="$=+.$5'"@"($"&'&B.$='"cY$%T2+"',"$(?6">kDid?"M$."

$2(('-.96" -='" 4%2,2*=" %'" (;!KQ" %'9" S(-_D" '," S(-_>" $" 4,4" 2%'=,2A24'" $-" =21'$-" %-" 92,'" uvK"

c9'5&'=," #>" %-" +$=$(d6" <'.&',,$=," -=" +*=,.P('" %-" %'5.4" %'" <'.&4$B2(2,4" $-" +$(+2-&"

cR-.=$97'1" '," $(?6" DzzFd?" ]'9" .4+'<,'-.9" <'-1'=," 45$('&'=," 9-B2." %'9"&*%2A2+$,2*=9" <*9,X

,.$%-+,2*=='(('9" +*&&'"-='"<7*9<7*.0($,2*="<$." ($"<.*,42='" J2=$9'"!":-2" 1$"<*,'=,2$(29'."

('-."$+,212,46"*-"-='"%4<7*9<7*.0($,2*="<$."($"+$(+2='-.2='":-2"1$"(;2=72B'."cV.$0='(29"',"r$7(6"

Dzzid?"

]$" (*+$(29$,2*="%'9".4+'<,'-.9"$-"9'2="%'"($"90=$<9'"'," ('-."A*=+,2*="%4<'=%"%'"('-."

+*&<*92,2*=" '=" 9*-9X-=2,49" '," %'9" &*%2A2+$,2*=9" <*9,X,.$=9+.2<,2*=='(('9" '," <*9,X

,.$%-+,2*=='(('9?"G="<*92,2*="<.4X90=$<,2:-'6"('9".4+'<,'-.9"J$a=$,'"*=,"-=".P('"&*%-($,'-."

%'" (;$+,212,4" 90=$<,2:-'6" '=" .45-($=," ($" (2B4.$,2*=" %'9" ='-.*,.$=9&',,'-.9" cS!R!" ',"

5(-,$&$,'d?" ]'-." $+,21$,2*=" 2=%-2," -='" '=,.4'" %'" +$(+2-&" <$." (;2=,'.&4%2$2.'" %'" +$=$-H"

+$(+2:-'9" $+,2149" <$." ('" <*,'=,2'(" %;$+,2*=6" '," $2=92" A$1*.29'" ($" (2B4.$,2*=" %'" 5(-,$&$,'"

cU.'.J2=5"',"$(?6">kkD"�"Y-',,='.6">kkjd?"!"(;2=1'.9'6"2("<'-,"2=72B'."($"(2B4.$,2*="1492+-($2.'"'="
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<*92,2*=" <.490=$<,2:-'" (*.9:-'" ('" .4+'<,'-." 9'" +*&<*.,'" +*&&'" -=" .4+'<,'-."

&4,$B*,.*<2:-'" '=" $+,21$=," -='" <.*,42='" S" cK*T$9" '," $(?6" >kkjd?" ]$" +*=,.2B-,2*=" %-"

.4+'<,'-."J$a=$,'"$-"+*-.$=,"<*9,X90=$<,2:-'"'H+2,$,'-."'9,"B2'="<(-9"A$2B('":-'"+'(('"%'9"KX

!#M!?"G="<*92,2*="<*9,X90=$<,2:-'"('".4+'<,'-."J$a=$,'"$"<(-,P,"-=".P('"%'"&4%2$,'-."%'"($"

,.$=9&2992*=" %-" 925=$(?" M$." 'H'&<('6" '=" +$9" %'" <.49'=+'" %'" ($" 9*-9X-=2,4" S(-_>6" 2(" <'-,"

$-5&'=,'." (;'H+2,$B2(2,4" %'" ($" &'&B.$='" <*9,X90=$<,2:-'" cK-2T" '," $(?6" >kkF" �" K*%.�5-'TX

#*.'=*" '," /27.$6" >kkid?" O'9" A*=+,2*=9" 9'&B('=," <$.,2+2<'." $-" <.*+'99-9" %'" <($9,2+2,4"

+4.4B.$('"@"+*-.,"',"@"(*=5",'.&'"c]'.&$6">kkf"�"K*%.�5-'TX#*.'=*"',"/27.$6">kki"�"/27.$"',"

K*%.�5-'TX#*.'=*6">kDD"�"/27.$"',"$(?6">kDEd?"

O*&&'" ('9" $-,.'9" 2S(-K6" ('9" .4+'<,'-.9" J$a=$,'" 2=,'.$5299'=," $1'+" %'9" <.*,42='9"

$-H2(2$2.'9":-2"N*-'=,"-=".P('"'99'=,2'("%$=9"(;$%.'99$5'"%-".4+'<,'-."@"($"&'&B.$='"',"@"9$"

9,$B2(29$,2*=" $-" 9'2=" %'" ($" 90=$<9'?" O'9" <.*,42='9" 2=,'.A8.'=," $1'+" ('" .4+'<,'-." J$a=$,'"

&$N*.2,$2.'&'=," <$." (;'H,.4&2,4" OX,'.&2=$('" %'9" 9*-9X-=2,49?")'9" <.*,42='9" %;4+7$A$-%$5'"

+*&&'" M/)zF" *-" %;$-,.'9" <.*,42='9" %'" ($" A$&2(('" %'9" #!SC_" cA%AG*3.%N3--"#$3&%;(

6,3.'43&%( V$.3-%d6" ('9" <.*,42='9" SKeM" c64,&3A3&%( *%#%8&"*N$.&%*3#&$.6( 8*"&%$.d" *-" MeO_D"

c8*"&%$.($.&%*3#&$.6(W$&1(>(V$.3-%d"N*-'=,"-='"$+,2*="%2.'+,'"*-"2=%2.'+,'"9-."('".4+'<,'-."$A2="

%'" .45-('." ('" 925=$(" cO*<2,9" '," /`$=9*=6" >kD>d?" )'-H" <.*,42='9" $-H2(2$2.'9" $-H" .4+'<,'-.9"

J$a=$,'" *=," 4,4" .4+'&&'=," 2%'=,2A24'9"^"Q',*" D" ',"Q',*" >" c+7,*"8$4$.( HO44"$;%N4$V%" D" '," >d"

cZ7$=5"',"$(?6">kkz"�"/,.$-B"',"$(?6">kDDd?"/2"('-.9"A*=+,2*=9"='"9*=,"<$9"'=+*.'"+*&<(8,'&'=,"

4,$B(2'96" 2(" 9'&B('" :-'" +'9" <.*,42='9" $5299'=," +*&&'" %'" 14.2,$B('9" &*%-($,'-.9"

$((*9,4.2:-'9"%'"($"A*=+,2*="%'9".4+'<,'-.9"J$a=$,'"cO*<2,9"',"/`$=9*=6">kD>"�"U297'."',"#*,,6"

>kDj"�"S.2AA2,7"',"/`$=9*=6">kDF"�"M$($+2*9XU2($.%*"',"$(?6">kDfd?""

!!!"#"%! 3*/+456*7/*.4(+F>8B+
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(;*BN'," %;2=,'=9'9" ,.$1$-H" %'" .'+7'.+7'6" +*&<,'" ,'=-" %'" 9*=" .P('" +'=,.$(" %$=9" ('"

A*=+,2*=='&'=," %-" /QO?" ]'9" KXQ#)!" 9*=," <.49'=,9" 9-." ('9" ='-.*='9" '," ('-.9" <.4+-.9'-.9"

cV.$0='(29"',"$(?6">kDkd6"&$29"$-992"9-."('9"+'((-('9"5(2$('96"'="<$.,2+-(2'."9-."('9"$9,.*+0,'9"',"

('9"*(25*%'=%.*+0,'9"cM$.<-.$"',"g'.J7.$,9J06">kDjd?"O'".4+'<,'-."<.49'=,'"-='"9,.-+,-.'"',"

-='" +*&<*92,2*=" 9<4+2A2:-'9" :-2" (-2" +*=A8.'=," %'9" <.*<.24,49" B2*<7092:-'9" ',"

<7$.&$+*(*52:-'9"-=2:-'9?" e(" '9," 2&<(2:-4"%$=9"%'"=*&B.'-H"<.*+'99-9"<7092*(*52:-'9" ',"
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<74=*&8='9" %'" <($9,2+2,4" 90=$<,2:-'" ('9" <(-9" .4<$=%-9"^" ($" <*,'=,2$(29$,2*=" @" (*=5" ,'.&'"

c]VMd"'," ($"%4<.'992*="@" (*=5",'.&'"c]V)d":-2".'<.49'=,'=," ('9"&4+$=29&'9"+'((-($2.'9"%'" ($"

&4&*2.'" '," %'" (;$<<.'=,299$5'?" ]'" .4+'<,'-." Q#)!" 2=,'.12'=," $-992" %$=9" ('" <74=*&8='"

%;'H+2,*,*H2+2,46" .'9<*=9$B('" %'" ($" &*.," ='-.*=$('?" ]$" A$&2(('" %'9" .4+'<,'-.9" Q#)!"

+*&<.'=%",.*29"%2AA4.'=,'9"9*-9X-=2,49"%4=*&&4'9"S(-QD6"S(-Q>"',"S(-Qj"c$=+2'=='&'=,"

QKD6" QK>" '," QKjd?" ]'9" &*%2A2+$,2*=9" <*9,X,.$=9+.2<,2*=='(('9" %'" (;!KQ" %'" S(-QD" <'-1'=,"

%*=='."=$299$=+'"@"w"1$.2$=,9"%;4<299$5'"%2AA4.'=,9"c#*.20*972"',"$(?6"DzzD"�"/-527$.$"',"$(?6"

Dzz>"�"Z-J2="',"R'==',,6"DzzFd?"u-$,.'"58='9"*=,"4,4"2%'=,2A249"<*-."+*%'."S(-Q>"cS(-Q>!6"

S(-Q>R6"S(-Q>O"',"S(-Q>)d6"',"%'-H"<*-."S(-Qj"cS(-Qj!"',"S(-QjRd?"!-",*,$(6" (;'=9'&B('"
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($.5'" %*&$2='" 'H,.$+'((-($2.'" QX,'.&2=$(6" -=" %*&$2='" &'&B.$=$2.'" +*&<.'=$=," ,.*29"

9'5&'=,9" ,.$=9&'&B.$=$2.'9" cV#D6" V#j" '," V#Ed" '," -='" B*-+('" .4'=,.$=,'" c#>d6" -='"

B*-+('" 'H,.$+'((-($2.'" '=,.'" V#j" '," V#E" '," -='" <$.,2'" +0,*<($9&2:-'" OX,'.&2=$('" %*=," ($"

,$2(('"'9,"1$.2$B('"9'(*="('",0<'"%'"9*-9X-=2,4"',":-2"A*-.=2,"%'"&-(,2<('9"92,'9"%;2=,'.$+,2*=9"

<*,'=,2'(9"$1'+"('9"<.*,42='9"2=,.$+'((-($2.'9"c)2=5('%2='"',"$(?6"Dzzz"�"#$0'.6">kkf"�"M$*(',,2"
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9*.*;=):ET;/1! 3-@<WU3-@<L! /1.! ;/C;*1/+.*! C(;! 1=@0:! )/! 0-(;.*"! P(! ;*6:=+! />.;(0/--@-(:;/! /1.! 0=EC=1*/!
)Z@+!)=E(:+/!<D4/;E:+(-!/.!)Z@+!)=E(:+/!)/!-:(:1=+!)/1!(6=+:1./1"!P/!)=E(:+/!)/!-:(:1=+!)/1!(6=+:1./1!)/!
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E=)@-(./@;1! (--=1.*;:A@/1! 1@;! -/!)=E(:+/!<D4/;E:+(-!)/!3-@<L!A@:! -:/+.! -Z:S/+C;=):-! =@! -/! H:+0"!%Z(C;T1!
B(=-/..:!/.!</,.=+p!L``\"!
!

]$"<$.,2'"'H,.$+'((-($2.'"%'9" 9*-9X-=2,49"%-"KXQ#)!"'9,"*.5$=294'" +*&&'"<*-." ('9"

9*-9X-=2,49"%'9"$-,.'9"2S(-K"<$."-='"$99*+2$,2*="%'"%'-H"%*&$2='9"%29,2=+,9"^" ('9"%*&$2='9"

QV)" c+N&%*A$.34( ;"A3$.d" '," !R)" c36".$-&( G$.;$.6( ;"A3$.d?" ]'" %*&$2='" QX,'.&2=$(" :-2"

+*&<.'=%" ('9" jFk" <.'&2'.9" $+2%'9" $&2=49" <.49'=,'" -='" 7*&*(*52'" %'" 94:-'=+'" $1'+" ($"

<.*,42='" B$+,4.2'=='" <4.2<($9&2:-'" ]egRM" c4%,#$.%X$-"4%,#$.%X@34$.%NG$.;$.6( 8*"&%$.d"

c#$9-J*"',"$(?6"Dzzz"�"M$*(',,2"',"$(?6">kkkd?"]'"%*&$2='"QX,'.&2=$("N*-'"-=".P('"&$N'-."%$=9"
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(;$99'&B($5'" %'9" 9*-9X-=2,49" c#'%%*`9" '," $(?6" >kkDd?" M*-." ('9" 9*-9X-=2,49" S(-Q>!" ',"

S(-Q>R6" 2("+*=,2'=,"45$('&'=," ('9"92,'9"%'"(2$29*="<*-."%'9" 2=72B2,'-.9"$((*9,4.2:-'9"+*&&'"

(;2A'=<.*%2("*-"(;2*="T2=+"cZ=>�d"',"'H'.+'"$2=92"-='"&*%-($,2*="2=72B2,.2+'"*-"<*,'=,2$(29$,.2+'"

9-."('"KXQ#)!"cS2'('=6">kDkd?"]'"%*&$2='"!R)"'9,":-$=,"@"(-2"+*=9,2,-4"%'"($".452*="W"<.4X

V#D"["',"%'" ($"B*-+('"V#jXV#E6".'<.49'=,$=,"'=12.*="DFk"$+2%'9"$&2=49"<*-."+7$+-='?" e("

<.49'=,'" -='" 7*&*(*52'" %'" 94:-'=+'" $1'+" ($" <.*,42='" SRM" c6,3.'43&%NG$.;$.6( 8*"&%$.d"

cM$*(',,2"',"Q'0,*=6">kkid?"]'"%*&$2='"!R)"'9,"%21294"<$."('"+$=$("2*=2:-'"'="%'-H"9'5&'=,9"

%29+*=,2=-9" /D" '," />?" ];$+,21$,2*=" %-" KXQ#)!" =4+'992,'" ($" (2$29*=" 92&-(,$=4'" %'" %'-H" +*X

$5*=29,'9"^"('"5(-,$&$,'"',"($"5(0+2='"c*-"($")X94.2='d?"]$"5(0+2='"9'"A2H'"9-."($"<$.,2'"!R)"%'"

S(-QD" ',"S(-Qj6" $(*.9" :-'" ('" 5(-,$&$,'" 9'" A2H'" 9-."S(-Q>" cU-.-J$`$" '," $(?6" >kkF" �" b$*" ',"

#$0'.6">kkfd?"

]'"%*&$2='",.$=9&'&B.$=$2.'"+*&<.'=%":-$,.'"9'5&'=,9"#D6"#>6"#j"',"#E?"]'9"

9'5&'=,9"#D6"#j"',"#E"9*=,"%'9"%*&$2='9",.$=9&'&B.$=$2.'9",.$1'.9$=,"($"&'&B.$='"%'"

<$.,"',"%;$-,.'"%'<-29" ($"A$+'"+0,*<($9&2:-'"1'.9" ($"A$+'"'H,.$+'((-($2.'"*-" 2=1'.9'&'=,?"]'"

9'5&'=," #>" *-" W"B*-+('" M"[" '9," '=" A*.&'" %'" C"2=1'.94" ^" 2(" 9;'=5$5'" %$=9" ($" &'&B.$='"

%'<-29" ($" A$+'" +0,*<($9&2:-'" '," '=" .'99*.," <$." +',,'" &I&'" A$+'" 9$=9" $,,'2=%.'" ($" A$+'"

'H,.$+'((-($2.'?"]'9":-$,.'"9'5&'=,9"%-"%*&$2='",.$=9&'&B.$=$2.'"A*.&'=,"('"+$=$("2*=2:-'"

%-"KXQ#)!6"$1'+" ($" A$+'" 2=,'.='"%-" +$=$(" +*=9,2,-4'"<$." ('" 9'5&'=,"#>?"O'" 9'5&'=,"#>"

N*-'"('".P('"%'"A2(,.'"%'"94('+,212,4"2*=2:-'"',"2=A(-'"9-."('9"<.*<.24,49"%'"+*=%-+,$=+'"',"9-."

($"9'=92B2(2,4"$-"1*(,$5'"%-".4+'<,'-."c#*.2"',"#2972=$6"DzzF"�")2=5('%2='"',"$(?6"Dzzzd?"

]'"%*&$2='"OV)"c>N&%*A$.34(;"A3$.d"<.49'=,'"%'9"A*.&'9",.89"1$.2$B('9"'="A*=+,2*="

%'" ($" 9*-9X-=2,4" %*=," 2(" A$2," <$.,2'?" e(" +*=,2'=," %'" =*&B.'-H" %*&$2='9" M)Z" :-2" 9*=," %'9"

<*992B2(2,49"%;2=,'.$+,2*="$1'+"%'9"<.*,42='9"%;4+7$A$-%$5'"<*9,X90=$<,2:-'96"%;$%7492*="',"

%;$=+.$5'" @" ($" &'&B.$='" *-" %'9" +*&<('H'9" %'" 925=$(29$,2*=" cV.$0='(29" '," $(?6" >kDk" �"

M-==$JJ$(" '," $(?6" >kD>d?" ]'" %*&$2='" OV)" <.49'=,'" 45$('&'=," %'" =*&B.'-H" 92,'9" %'"

<7*9<7*.0($,2*=" :-2" <'-1'=," 2=A(-'." 9-." ('" ,.$A2+" +'((-($2.'" %-" .4+'<,'-." c/$(,'." '," _$(2$6"

>kkEd?" ]$" %21'.92,4" <*,'=,2'(('" %-" %*&$2='" OX,'.&2=$(" +*=A8.'" %'9" <.*<.24,49" -=2:-'9" $-H"

9*-9X-=2,496" 2=A(-'=\$=," ($" (*+$(29$,2*=" +'((-($2.'" %-" .4+'<,'-.6" 9'9" <.*<.24,49"
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-='"A*.,'"2%'=,2,4"%'"94:-'=+'"$1'+"('9"$-,.'9"9*-9X-=2,49"%'9".4+'<,'-.9"$-"5(-,$&$,'?"G(('"

'9,"+*%4'"<$."-="9'-("58='"c64,&3A3&%(*%#%8&"*( $"."&*"8$#(+NA%&1'4NPN3-83*&3&%(L6"SKeQDd"

+*&<.'=$=,">>"'H*=9"',">D"2=,.*=9"c#*.20*972"',"$(?6"DzzDd?"e("'H29,'"7-2,"1$.2$=,9"%;4<299$5'"

cS(-QDXD$" @" E$6" '," S(-QDXDB" @" EBd" :-2" +*=+'.='=," ,.*29" 'H*=9"^" (;'H*=" F" +*%$=," <*-." -="

9'5&'=,"%'">D"$+2%'9"$&2=49"(*+$(2949"%$=9"('"QV)6"%4=*&&4"+$99',,'"QD6"',"('9"'H*=9">D"',"

>>6" +*%$=," <*-." %'9" 9'5&'=,9" %'" ji" '," jw" $+2%'9" $&2=496" %4=*&&49" +$99',,'9" OD" '," O>6"

92,-49"%$=9" ('"OV)"c)2=5('%2='"',"$(?6"Dzzzd?"]$"+$99',,'"QD"2=A(-'=+'"(;$AA2=2,4"%-".4+'<,'-."

<*-."9'9"$5*=29,'96"$2=92":-'"('-."9'=92B2(2,4"$-"T2=+"',"$-"<.*,*="cM$*(',,2"',"Q'0,*=6">kkid?"

]$"9*-9X-=2,4"S(-QD6"2=%29<'=9$B('"@"($"A*.&$,2*="%'".4+'<,'-.9"A*=+,2*=='(96"'9,"'H<.2&4'"

%'" A$\*=" -B2:-2,$2.'" %$=9" (;'=9'&B('" %-" /QO" <'=%$=," ('" %41'(*<<'&'=," $2=92" :-;@" (;s5'"

$%-(,'?"e("'H29,'"%'9"(*+$(29$,2*=9"%2AA4.'=,'9"'="A*=+,2*="%-"1$.2$=,"%;4<299$5'"',"%-"9,$%'"%'"

%41'(*<<'&'=,6"('9"29*A*.&'9"W"$"["4,$=,"%*&2=$=,96"'H+'<,4"%$=9"('"+'.1'(',"cU25-.'">jd?!!
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"

]$"A$&2(('"%'9"9*-9X-=2,49"S(-Q>"c'=,.'"D>kk"',"DEkk"$+2%'9"$&2=496"cV.$0='(29"',"$(?6"

>kDkdd"'9,"+*&<*94'"%'":-$,.'"&'&B.'9"cS(-Q>!6"S(-Q>R6"S(-Q>O"',"S(-Q>)d"'=+*%49"<$."

:-$,.'" 58='9" %29,2=+,9" cSKeQ>!6" SKeQ>R6" SKeQ>O" '," SKeQ>)d?" ]'9" 9*-9X-=2,49" S(-Q>" 9'"
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-,8%*93A$4'( LYd?" ]'9" +*&<('H'9" KXQ#)!v/!Mzi" 9*=," %2.2549" @" <$.,2." %-" KG" %-" +*.<9"
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&*,'-.9"J2=492='9"+*&&'"_eUDi?"_eUDi"2=,'.$52,"$1'+"('"%*&$2='"M)Z"%'"&]2=Dk":-2"1$"9'"
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%29,$=+'"$-"9'2="%'"(;4<2='"%'=%.2,2:-'"N-9:-;@"($"%'=92,4"<*9,X90=$<,2:-'"9'&B('"%4<'=%.'"

%'" <.*,42='9"&*,.2+'9" +*&&'" (;$+,2='" '," ($"&0*92='?" ]*.9:-'" ('9" KXQ#)!" *=," $,,'2=," ($"

&'&B.$='"<($9&2:-'6"2(9"1*=,"%2AA-9'."($,4.$('&'=,"1'.9"('9"+*&<$.,2&'=,9"90=$<,2:-'9"',"
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c74,4.*.4+'<,'-.9d"cG=5'(&$="',"#$+)'.&*,,6">kkE"�"K*%.�5-'TX#*.'=*"',"$(?6">kDkd?"]'9"KX
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"9!!"C@?RD! MH! P?! L?FJJ?LRH! @ABC?DEABH! JEA! PH! RHATH?E! HL!

MBTHPK@@HCHLD!

]$" =$299$=+'" <.4&$,-.4'" '9," @" 7$-," .29:-'" %'" (492*=9" +4.4B.$('9?" C=" .',$.%" %'" ($"

&$,-.$,2*="+4.4B.$('"=*.&$('"(24"@"($"<.4&$,-.2,46"$99*+24"@"($"9-.1'=-'"%;$5.'992*=9"$25-h9"

*-" +7.*=2:-'96"<'-,"I,.'" .'9<*=9$B('"%'" +'9" (492*=9" +4.4B.$('9" cg*(<'6">kkz" �"M'=="'," $(?6"

>kDfd?" !-H" (492*=9" +4.4B.$('9" %-" <.4&$,-.46" 2(" <'-," 9;$N*-,'." -='" 'H<*92,2*=" =*="

<7092*(*52:-'"@"+'.,$2=9"A$+,'-.9"='-.*,*H2:-'9"c<$."'H'&<('"%'9"%.*5-'96"%'9"A$+,'-.9"%'"

(;2=A($&&$,2*=6" %'9" 9,2&-(2" %*-(*-.'-Hld" '=,.$}=$=," %'9" ,.$N'+,*2.'9" %41'(*<<'&'=,$('9"

$=*.&$('9"@"(;*.252='"%'"7$=%2+$<9?"]'9"4,2*(*52'9"',"('9"&4+$=29&'9"@"(;*.252='"%'"+'9"(492*=9"

9*=,"+*&<('H'9"',"&-(,2A$+,*.2'(96"%4<'=%$=,"'=,.'"$-,.'9"%'"($":-$(2,4"%'9"9*2=9"7*9<2,$(2'.9"

$<<*.,49" $-H" =*-1'$-X=496" %'" ($" 9-.1'=-'" %;4<29*%'9" %;70<*H2'" ,299-($2.'6" %;2=A'+,2*=9"

&$,'.=*XAq,$('9"*-",$.%21'96"%;2=A($&&$,2*="909,4&2:-'6"%'" (;'H<*92,2*="@"%'9"%.*5-'9"*-"

%'9",*H2:-'96"%'"($"<.29'"'="+7$.5'"%'"($"%*-('-."$25-h"',v*-"+7.*=2:-'6"%-"9,.'99"',v*-"%'"($"

&$(=-,.2,2*="cR$+J"',"#2(('.6">kDEd?"!-X%'(@"%'"+'9"A$+,'-.9"%'".29:-'"54=4.$-H6"%'9"A$+,'-.9"

2=%212%-'(9" 2=A(-'=+'=," ($" 5'=89'" %'9" (492*=9" +4.4B.$('96" +*&&'" ('" 5'=.'6" ($" 54=4,2:-'6"

(;4<254=4,2:-'6" ('" 9,$,-," 9*+2*X4+*=*&2:-'6" *-" '=+*.'" (;2=,45.2,4" %'" ($" +'((-('" A$&2(2$('?" ]$"

+*&<.47'=92*=" %'" ($" <$,7*5'=89'" %'9" (492*=9" +4.4B.$('9" %-" <.4&$,-.4" .'9,'" -=" %4A2" '="

.$29*=" %'9"&-(,2<('9" 4,2*(*52'9" <*992B('96" '," 9;$<<-2'" 9-." ('9" 4,-%'9" +(2=2:-'9" %'" 9-212" %'9"

<.4&$,-.496" ($" ='-.*X2&$5'.2'6" (;$++89" c.'9,.'2=,d" $-H" 'H$&'=9" $=$,*&*<$,7*(*52:-'9"

+4.4B.$-H" %;'=A$=,9" <.4&$,-.49" '," ('9" 4,-%'9" <.4+(2=2:-'9" +7'T" (;!=2&$(?" R2'="

:-;2=%29<'=9$B('9"+$."'(('9"<'.&',,'=,"=*,$&&'=,"-='"$<<.*+7'"&4+$=29,2:-'6" ('9"4,-%'9"

+7'T" (;!=2&$(" 9*=," +2B(4'9" 9-." -=" *-" 41'=,-'(('&'=," <(-92'-.9" ,0<'9" (492*=='(9" c2=A'+,2*=6"

2=A($&&$,2*=6" 70<*H2'X29+74&2'6" 'H+2,*,*H2+2,4ld6" '," ='" .'<.*%-29'=," <$9" ('" <$='("

<7092*<$,7*(*52:-'" %'9" 92,-$,2*=9" +(2=2:-'9" <*,'=,2'(('9?" M$." +*=94:-'=,6" ('9" 2=A*.&$,2*=9"

$<<*.,4'9" <$." ('9" %21'.9" &*%8('9" $=2&$-H" %*21'=," I,.'" 2=,45.4'9" $1'+" ('9" .49-(,$,9" %'9"

4,-%'9"*B9'.1$,2*=='(('9"+7'T"('"<.4&$,-.4"7-&$2=?""

!Anomalies de la substance grise 

]'9" '=A$=,9" <.4&$,-.49" %29<*9'=," %;-=" 1*(-&'" +*.,2+$(" .4%-2," '," %;-='" <'.,'" %'" ($"

9-B9,$=+'" 5.29'" 9*-9X+*.,2+$('6" =*,$&&'=," $-" =21'$-" %-" ,7$($&-9" '," %'9" =*0$-H" 5.29"

+'=,.$-H?" ]'" %'5.4" %'" <.4&$,-.2,46" (;4,'=%-'" %-" 1*(-&'" +*.,2+$(" '," ('" %'1'=2."
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='-.*%41'(*<<'&'=,$(" 9*=," %2.'+,'&'=," +*..4(49" cO*-=9'((" '," R*$.%&$=6" >kkF" �"#'=," ',"

g*7.6" >kkw" �" R$((" '," $(?6" >kD>d?" M$.$((8('&'=," @" ($" <'.,'" %'" 1*(-&'" +*.,2+$(6" 2(" 'H29,'" -='"

$(,4.$,2*=" %'" ($" &2+.*9,.-+,-.'" %-" +*.,'H" +4.4B.$(" &29'" '=" 412%'=+'" =*,$&&'=," <$." %'9"

4,-%'9" %'" ,.$+,*5.$<72'" <$." 2&$5'.2'" <$." .49*==$=+'" &$5=4,2:-'" ceK#d" '=" ,'=9'-." %'"

%2AA-92*=6"9-554.$=,"-=".',$.%"%'"%41'(*<<'&'=,"%'"($"+.*299$=+'"%'9"<.*+'99-9"='-.*=$-H"

%$=9"('"+*.,'H"+4.4B.$("cR$(("',"$(?6">kD>6">kDj"�"g2=$(("',"$(?6">kDj$d?"]'"%4A$-,"%'"+.*299$=+'"

+*.,2+$('"'9,"$-992"$99*+24"@"%'9"$=*&$(2'9"%'" (;$.B*.29$,2*="%'=%.2,2:-'"',"%'" ($" A*.&$,2*="

90=$<,2:-'" c)'$=" '," $(?6" >kDjd?" ]$" ='-.*5'=89'" 9'&B('" 45$('&'=," $,,4=-4'" '=" +$9" %'"

=$299$=+'"<.4&$,-.4'"$-"=21'$-"%'9"T*='9"5'.&2=$,21'9"+*.,2+$('9"cZg"',"Z/gd"c#$(2J"',"$(?6"

>kDjd?"M$."$2(('-.96"('"1*(-&'"%'9"=*0$-H"$&05%$(2'=9"'9,".4%-2,6"+'":-2"<*-..$2,"$(,4.'."('9"

+$<$+2,49" %'" ,.$2,'&'=," %'" ($" <'-." +7'T" ('9" '=A$=,9" <.4&$,-.49" cO29&$.-" '," $(?6" >kDfd?"

];'=9'&B('" %'" +'9" $=*&$(2'9" &*.<7*(*52:-'9" '," 9,.-+,-.'(('9" %-" +*.,'H" <*-..$2'=,"

+*=,.2B-'." $-H" %2AA2+-(,49" +*5=2,21'9" '," $-H" ,.*-B('9" %'9" $<<.'=,299$5'9" %4+'(49" +7'T" ('9"

'=A$=,9"'="+$9"%'"<.4&$,-.2,4"cM'=="',"$(?6">kDfd?"

!Anomalies de la substance blanche 

]'9" $=*&$(2'9" %'" ($" 9-B9,$=+'" B($=+7'" +*&<.'=='=," ,.*29" '=,2,49" 2%'=,2A2$B('9"^" ('9"

(492*=9" =4+.*,2:-'9" %'" ('-+*&$($+2'" J09,2:-'6" ('9" &2+.*(492*=9" A*+$('9" =4+.*,2:-'9" '," ('9"

(492*=9" %2AA-9'9" =*=" =4+.*,2:-'9" %'" ($" 9-B9,$=+'" B($=+7'" cR$+J6" >kDEd?" !(*.9" :-'" ($"

('-+*&$($+2'" J09,2:-'" <4.21'=,.2+-($2.'" 4,$2," A.4:-'=,'" $-" +*-.9" %'9" %'.=28.'9" %4+'==2'96"

(;$&4(2*.$,2*=" %'" ($" <.29'" '=" +7$.5'" 5(*B$('" %'9" <.4&$,-.49" $" <'.&29" -='" 41*(-,2*=" %'9"

$,,'2=,'9"%'"($"9-B9,$=+'"B($=+7'"1'.9"%'9"(492*=9"=*="=4+.*,2:-'9"%2AA-9'9"cR$+J"',"#2(('.6"

>kDEd?"O'9"(492*=9"9*=,"@"(;*.252='"%;-='"%2&2=-,2*="%-"1*(-&'"%'"($"9-B9,$=+'"B($=+7'"',"%'"

,.*-B('9" %'" ($" &04(2=29$,2*=" c#'=," '," $(?6" >kkzd?" O7'T" (;Y*&&'6" ('" %41'(*<<'&'=," %'" ($"

9-B9,$=+'" B($=+7'" %4B-,'" $-" +*-.9" %'" ($" %'-H28&'"&*2,24" %'" ($" 5'9,$,2*=" '," 9'" <*-.9-2,"

$<.89" ($" =$299$=+'" N-9:-;@" (;$%*('9+'=+'?" ]$" =$299$=+'" <.4&$,-.4'" c'=,.'" >j" '," j>" /!d"

2=,'.12'=," <$." +*=94:-'=," <'=%$=," -='" A'=I,.'" +.2,2:-'" %'" 1-(=4.$B2(2,4" <*-." ('9" +'((-('9"

5(2$('9"'="+*-.9"%'"%41'(*<<'&'=,?"

]'9" (492*=9" %2AA-9'9" %'" ($" 9-B9,$=+'" B($=+7'" 9*=," $99*+24'9" @" -=" <.*5.$&&'" %'"

%41'(*<<'&'=," .',$.%4" *-" <'.,-.B4" %'9" +'((-('9" %'" ($" (25=4'" *(25*%'=%.*+0,$2.'6" '="

<$.,2+-(2'." %'9" +'((-('9" <.4+-.9'-.9" %'9" *(25*%'=%.*+0,'9" cR$+J" '," #2(('.6" >kDEd?"
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];2=,'..-<,2*=" %'" ($" %2AA4.'=+2$,2*=" %'9" <.4X*(25*%'=%.*+0,'9" 9'" ,.$%-2," <$." (;$++-&-($,2*="

%'9"<.4+-.9'-.9"',"%'9"<.4X*(25*%'=%.*+0,'9"cR-9'."',"$(?6">kD>d?"G="+$9"%'" (492*="$25-h6" ('"

=*&B.'"%'"<.4X*(25*%'=%.*+0,'96" <$.,2+-(28.'&'=," 1-(=4.$B('9" $-" 9,.'99" *H0%$,2A6" %2&2=-'"

A*.,'&'=,?"!A2="%'"(-,,'."+*=,.'"+',,'"%454=4.'9+'=+'6" ('9"<.4+-.9'-.9"*(25*%'=%.*+0,$2.'9"

<.*(2A8.'=," .$<2%'&'=," <*-." .454=4.'." ('" <**(" %'" <.4X*(25*%'=%.*+0,'9?" O',,'" =*-1'(('"

54=4.$,2*="%'"<.4X*(25*%'=%.*+0,'9"='"<$.12'=%.$"<$9"@".4-992."9$"&$,-.$,2*="<*-."%'1'=2."

%'9" *(25*%'=%.*+0,'9" &$,-.'9" '=" .$29*=" %;-=" '=12.*=='&'=," (492*=='(" .2+7'" '=" 5(2*9'"

c$9,.*+0,'9"',"&2+.*5(2'd"cR$+J6">kDEd?"M(-92'-.9"&4+$=29&'9"<*-..$2'=,"I,.'"2&<(2:-49"%$=9"

(;$++-&-($,2*=" '," (;$B9'=+'" %'" &$,-.$,2*=" %'9" <.4X*(25*%'=%.*+0,'96" =*,$&&'=,"

(;$++-&-($,2*=" %;-=" 2=72B2,'-." %'" &$,-.$,2*=6" (;$+2%'" 70$(-.*=2:-'6" 299-" %'9" $9,.*+0,'9"

'=12.*==$=,9"c#$..',"',"$(?6"Dzzi"�"R$+J"',"$(?6">kkFd6"(;$+,21$,2*="%'"($"&2+.*5(2'"'=,.$}=$=,"

(;2=72B2,2*=" %'" ($" &$,-.$,2*=" %'9" *(25*%'=%.*+0,'96" *-" '=+*.'" %'9" %09.45-($,2*=9" %'"

<.*,42='96"+*&&'"<>i_2<D6" 2=,'.1'=$=,"%$=9" ($"&$,-.$,2*="%'" ($" (25=4'"*(25*%'=%.*+0,$2.'"

c3$B(*=9J$"',"$(?6">kD>d?""

]'9" $H*='9" 9'&B('=," 4<$.5=49" '=" +$9" %'" (492*=9" %2AA-9'9" %'" ($" 9-B9,$=+'" B($=+7'6"

$(*.9" :-;2(9" 9*=," %4,.-2,9" '=" +$9" %'" (492*=9" A*+$('9" =4+.*,2:-'9" cK2%%('" '," $(?6" >kD>d?" )'9"

4,-%'9"%'" ,.$+,*5.$<72'"%'9" T*='9" (494'9" 9-558.'=,"%'9"$=*&$(2'9"%'"%41'(*<<'&'=,"%'9"

A2B.'9"$H*=$('9"cY�<<2"',"$(?6">kkD"�"#2(('."',"$(?6">kk>d?"O'9"%*==4'9"9*=,"+*74.'=,'9"$1'+"($"

=*,2*=" :-'" ($" +.*299$=+'" $H*=$('" '9," ,.89" 2&<*.,$=,'" $-" +*-.9" %-" %'.=2'." ,.2&'9,.'" %'"

5'9,$,2*="+7'T"(;Y*&&'6"',":-'"($"<.4&$,-.2,4"<'-,".$('=,2."*-"<'.,-.B'."+'"<.*+'99-9?"

G=A2=6"(;$,,'2=,'"<*,'=,2'(('"%'9"='-.*='9"%'"($"9*-9X<($:-'"%$=9"($"<$,7*5'=89'"%'9"

(492*=9"%'" ($" 9-B9,$=+'"B($=+7'"%-"<.4&$,-.4" .'9,'"-='":-'9,2*="*-1'.,'?"G="'AA',6"%;-='"

<$.," +',,'" T*='" N*-'" -=" .P('" A*=%$&'=,$(" %$=9" (;*.5$=29$,2*=" %-" +*.,'H" '," %$=9" ('9"

+*=='H2*=9" ,7$($&*X+*.,2+$('9" cY*'.%'.X/-$B'%299'=" '," #*(=�.6" >kDFd6" '," %;$-,.'" <$.,"

(;4<$299'-."%'"($"9*-9X<($:-'"'9,"&$H2&$('"'=,.'">>"',"ji"/!"c_*9,*12+"',"K$J2+6"Dzzkd?"G="+$9"

%'" ('-+*&$($+2'" <4.21'=,.2+-($2.'6" 2(" 'H29,'" -=" %4A2+2," :-$=,2,$,2A" %'9" ='-.*='9" %'" ($"

9-B9,$=+'"B($=+7'6"=*,$&&'=,"$-"=21'$-"%'"($"9*-9X<($:-'"c_2=='0"',"$(?6">kD>d6"<'.,-.B$=,"

$2=92" ('9" +*=='H2*=9" ,7$($&*X+*.,2+$('9" c#+u-2(('=" '," $(?6" >kkjd?" ]'9" (492*=9" %2AA-9'9" %'" ($"

9-B9,$=+'"B($=+7'"9*=,"$99*+24'9"@"%'9"<74=*&8='9"%'"5(2*9'"$-"=21'$-"%'"($"9*-9X<($:-'6"

+*=A2.&$=,"($"1-(=4.$B2(2,4"+'((-($2.'"+*&<('H'"%'"+',,'"T*='"cM*5('%2+"',"$(?6">kDEd?"
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!Hémorragies intracrâniennes 

]'9" 74&*..$52'9" 2=,.$1'=,.2+-($2.'9" 9*=," %'9" +*&<(2+$,2*=9" A.4:-'=,'9" (24'9" @" ($"

=$299$=+'"<.4&$,-.4'?"O'9"74&*..$52'9"<.*12'=='=," ,0<2:-'&'=,"%'" ($"&$,.2+'"5'.&2=$('"

<4.21'=,.2+-($2.'6"T*='".2+7'"'="<.4+-.9'-.9"='-.*=$-H"',"5(2$-H6"7$-,'&'=,"1$9+-($.294'"',"

<$.,2+-(28.'&'=,"1-(=4.$B('"$-H"74&*..$52'9?"];4<$299'-."%'"($"&$,.2+'"5'.&2=$('"%2&2=-'"@"

<$.,2."%'">E"/!"',"+',,'"%'.=28.'"%29<$.$},"1'.9"jfXji"/!?"]*.9:-'"(;74&*..$52'"%'"($"&$,.2+'"

5'.&2=$('"'9,"2&<*.,$=,'6"'(('"'=,.$}='"-='".-<,-.'"%'"(;4<'=%0&'"9*-9XN$+'=,"',"<.*5.'99'"

%$=9" ('" 1'=,.2+-('" ($,4.$(?" O'9" 74&*..$52'9" 9*=," +($994'9" '=" :-$,.'" 5.$%'9" 9'(*=" ($"

+($992A2+$,2*="%'"M$<2('"^"5.$%'"e6"74&*..$52'"9*-9X4<'=%0&$2.'"29*(4'"�"5.$%'"ee6"74&*..$52'"

2=,.$X1'=,.2+-($2.'"9$=9"%2($,$,2*="1'=,.2+-($2.'"�"5.$%'"eee6"74&*..$52'"2=,.$X1'=,.2+-($2.'"$1'+"

%2($,$,2*="1'=,.2+-($2.'"�"5.$%'" eg"74&*..$52'" 2=,.$X1'=,.2+-($2.'"$99*+24'"@"-='"74&*..$52'"

<$.'=+70&$,'-9'" cM$<2('"',"$(?6"Dziwd?"]$"<$,7*5'=89'"%'9"74&*..$52'9" 2=,.$1'=,.2+-($2.'9"

'9,"+*&<('H'?"V*-,"%;$B*.%6"($"1$9+-($.29$,2*="%'"($"&$,.2+'"5'.&2=$('"'9,"A.$52('"'=".$29*=6"

=*,$&&'=,6" %;-='" %'=92,4" '=" <4.2+0,'9" .4%-2,'" +*&<$.4'" @" ($" 9-B9,$=+'" B($=+7'" '," $-"

+*.,'H"cR.$-="',"$(?6">kkid6"%;-="%4A2+2,"'="A2B.*='+,2='"$-"=21'$-"%'"($"($&'"B$9$('"c�-"',"$(?6"

>kkwd6" '," %;-='" .4%-+,2*=" %'" (;'H<.'992*=" %'" SU!M" c64$34( 9$G*$443*'( 3#$;$#( 8*"&%$.d" %$=9" ('9"

'H,.4&2,49" %'9" $9,.*+0,'9" c]2'%,J'" '," $(?6" Dzzf" �" G(X_7*-.0" '," $(?6" >kkfd?" G=9-2,'6" ('" %4B2,"

9$=5-2="+4.4B.$("'9,"<'.,-.B4"'="+$9"%'"<.4&$,-.2,4?"G="'AA',6" ('9"=*-1'$-X=49"<.4&$,-.49"

<.49'=,$=,"-='"%4,.'99'" .'9<2.$,*2.'"<'-1'=,"$1*2."-="%4B2," 9$=5-2="+4.4B.$(" A(-+,-$=,6" +'"

:-2"'9,"A*.,'&'=,"$99*+24"@"($"9-.1'=-'"%'9"74&*..$52'9"2=,.$1'=,.2+-($2.'9"cM'.(&$="',"$(?6"

Dzwj6" DzwFd?" M$." $2(('-.96" 2(" 'H29,'" -='" $(,4.$,2*=" %'" (;$-,*.45-($,2*=" %-" %4B2," 9$=5-2="

+4.4B.$("%-"<.4&$,-.46"1$.2$B('"%$=9"('",'&<9"',"+*..4(4'"$1'+"('"<*2%9"%'"=$299$=+'"',"(;s5'"

5'9,$,2*=='(" c/*-(" '," $(?6" >kkid6" &$29" %*=," ('" .P('" %$=9" ($" 9-.1'=-'" %'9" 74&*..$52'9"

2=,.$1'=,.2+-($2.'9" .'9,'" @" <.4+29'." cR$(($B76" >kDEd?" G=A2=6" (;74&*9,$9'" %-" =*-1'$-X=4"

<.4&$,-.4"'9,"<$.A*29"<'.,-.B4'"c,7.*&B*<$,72'6",7.*&B*<4=2'6"$=*&$(2'9"%'9"A$+,'-.9"%'"

+*$5-($,2*=d6"+'":-2"<'-,"$55.$1'."('"<.*+'99-9"74&*..$52:-'?"

" "
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9!0DA?DBGFHJ!MH!LHEAK@AKDHRDFKL!RSHb!PH!@ABC?DEAB!

!A2=" %'" (2&2,'." ('9" 'AA',9" %4(4,8.'9" <*,'=,2'(9" %'" ($" =$299$=+'" <.4&$,-.4'" 9-." ('"

+'.1'$-" '=" %41'(*<<'&'=,6" (;4($B*.$,2*=" %'" 9,.$,452'9" %'" ='-.*<.*,'+,2*=" '9,"

2=%29<'=9$B('?" !(*.9" :-'" +'.,$2='9" 2=,'.1'=,2*=9" *=," %4N@" %4&*=,.4" ('-." 'AA2+$+2,4" 9-." ('"

%'1'=2." ='-.*+*5=2,2A" %'" (;'=A$=," =4" <.4&$,-.46" %;$-,.'9" A*=," '=+*.'" (;*BN'," %;41$(-$,2*="

cR'.5'."',"/�%'.6">kDF"�"O7$=56">kDF"�"3'(2="',"$(?6">kDfd?""

! Période anténatale 

]'9" .29:-'9" %;$=*&$(2'9" %-" %41'(*<<'&'=," ='-.*(*52:-'" 4,$=," 4,.*2,'&'=," (249" $-"

%'5.4"%'" ($"<.4&$,-.2,4" c#**.'"'," $(?6" >kD>d6" ($"<.41'=,2*="%'" (;$++*-+7'&'=,"<.4&$,-.4"

'9," <.*B$B('&'=," ($" 9,.$,452'" ($" <(-9" 'AA2+$+'" %'" ='-.*<.*,'+,2*=" =4*=$,$('?" ]'" +*((85'"

$&4.2+$2="%'9"*B9,4,.2+2'=9"50=4+*(*5-'9"c!OmSd"<.*<*9'"'="+$9"%;$=,4+4%'=,"%'"=$299$=+'"

<.4&$,-.4'"*-"%'"%2&2=-,2*="%'"($"(*=5-'-."%-"+*("%'"(;-,4.-9",.*29"*<,2*=9"@"+*=92%4.'."^"($"

<.*5'9,4.*='6" ('" +'.+($5'" %-" +*(" *-" (;-,2(29$,2*=" %;-=" <'99$2.'" cO*&&2,,''" *=" M.$+,2+'"

R-((',2=9�mB9,',.2+96"V7'"!&'.2+$="O*(('5'"*A"mB9,',.2+2$=9"$=%"S0='+*(*529,96">kD>d?"C='"

A*29" ($" &29'" '=" ,.$1$2(" %2$5=*9,2:-4'6" ('9" *B9,4,.2+2'=9" *=," ('" +7*2H" <$.&2" -='" 1$.24,4" %'"

,*+*(0,2:-'9" $A2="%'" ,'=,'."%'" .',$.%'." $-"&$H2&-&" ($"=$299$=+'"<.4&$,-.4'" cQ$1$,7'"',"

R'.57'(($6">kDfd?"]'",.$=9A'.,"$.(,&%*""1'.9"-='"&$,'.=2,4"%'"=21'$-"eee"'="+$9"%'"5.*99'99'"@"

7$-," .29:-'" <'.&'," (;*<,2&29$,2*=" %'" ($" <.29'" '=" +7$.5'" *B9,4,.2+$('" '," =4*=$,$('" ',"

(;$&4(2*.$,2*=" 5(*B$('" %-" %'1'=2." %-" <.4&$,-.4" cO72'=" '," $(?6" >kkDd?" G=" +$9" %'" &'=$+'"

%;$++*-+7'&'=,"<.4&$,-.46" (;$%&2=29,.$,2*="$=,4=$,$('"%'"+*.,2+*a%'96" 2=2,2$('&'=,"<.41-'"

<*-."%2&2=-'."('",$-H"%'"90=%.*&'"%'"%4,.'99'".'9<2.$,*2.'"=4*=$,$('"%-"<.4&$,-.4"c]2552=9"

'," Y*`2'6" Dzi>d6" '9," $99*+24'" @" -='" %2&2=-,2*=" %'" (;'=9'&B('" %'9" +*&*.B2%2,49" (24'9" @" ($"

<.4&$,-.2,46" =*,$&&'=," -='" .4%-+,2*=" %'9" 74&*..$52'9" 2=,.$1'=,.2+-($2.'9" cK*B'.,9" ',"

)$(T2'(6" >kkf" �" K*B'.,9" '," $(?6" >kDid?" ]$" <*9*(*52'" @" $%&2=29,.'." cD>" *-" >E" &5" %'"

B4,$&',7$9*='" <$." +-.'d6" ('" =*&B.'" %'" +-.'9" <*992B('9" '," ('" ,'.&'"&$H2&$(" %;-,2(29$,2*="

A*=," (;*BN'," $+,-'(('&'=," %'" %29+-992*=9" +*&<,'" ,'=-" %-" <*,'=,2'(" 'AA'," %4(4,8.'" %'9"

+*.,2+*a%'9"9-."('9"=*-1'$-X=49"=$299$=,"A2=$('&'=,"@",'.&'"',"='"B4=4A2+2$=,"$(*.9"<$9"%'9"

'AA',9" B4=4A2:-'9" '9+*&<,49" cY$.%2=5" '," )$(T2'(6" >kDf" �" g2%$'AA" '," $(?6" >kDfB6" >kDf$d?" C="

'99$2".$=%*&294"A.$=\$29"'="+*-.96"R',$%*9'"c2%'=,2A2$=,"O(2=2+$(V.2$(9?5*1"^"QOVk>wzikifd6"$"

<*-."B-,"%;41$(-'."(;'AA',"%'"D>"&5"%'"B4,$&',7$9*='"@%*-,-">E"&5?"G=A2=6"(;$%&2=29,.$,2*="
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2=,.$1'2='-9'" %'" 9-(A$,'" %'" &$5=492-&" $1$=," (;$++*-+7'&'=,6" $&4(2*.'" ('" <.*=*9,2+"

='-.*(*52:-'"%-"<.4&$,-.4"c1*2."+7$<2,.'"gee"^"]'"9-(A$,'"%'"&$5=492-&d?"

! Période périnatale 

]$"9,$=%$.%29$,2*="',"(;$&4(2*.$,2*="%'"($"<.29'"'="+7$.5'"%'9"=*-1'$-X=49"'="9$(('"%'"

=$299$=+'"5.s+'"=*,$&&'=,"$-H"=*-1'(('9" .'+*&&$=%$,2*=9" 2=,'.=$,2*=$('9" cQ.&%*.3&$".34(

=$3$-".( >"AA$&&%%( ".( <%-,-#$&3&$".6" e]OmKd" cM'.(&$=" '," $(?6" >kDFd" '," @" (;$18='&'=," %'" ($"

92&-($,2*=" cK-B2*XS-.-=5" '," $(?6" >kDEd" <'.&',,'=," -='" $&4(2*.$,2*=" %'9" +*=%2,2*=9" %'"

=$299$=+'?"/2"(;2&<$+,"2&&4%2$,"%'"+'9"&'9-.'9"$"-="'AA',"9-."($"&*.B2X&*.,$(2,4"2&&4%2$,'"

c)'#$-.*"'," $(?6" >kDj" �" ]'5'=%.'"'," $(?6" >kDF" �"#%-&$"'," $(?6" >kDFd6" (;'AA'," 9-." ('"%'1'=2."

='-.*(*52:-'"@"(*=5",'.&'".'9,'"@"<.*-1'.?""

R2'=":-'"($"%-.4'"*<,2&$('"$1$=,"+($&<$5'"%-"+*.%*="='"9*2,"<$9"'=+*.'"%4,'.&2=4'"

+7'T"('9"<.4&$,-.496"%'"=*&B.'-9'9"4,-%'9"9-558.'=,":-;-="+($&<$5'".',$.%4"%-"+*.%*="%'"

<(-9"%'"jk"9'+*=%'9".4%-2.$2,"(;2=+2%'=+'"%'9"74&*..$52'9"1'=,.2+-($2.'9"cR$+J'9"',"$(?6">kDE"�"

O72.-1*(-" '," $(?6" >kDF" �" K-$=5J2," '," $(?6" >kDF" �" #'.+'." '," $(?6" >kDfd?" ];!OmS" '," (;e]OmK"

.'+*&&$=%'=,"-="+($&<$5'".',$.%4"%-"+*.%*="'="+$9"%'"=$299$=+'"<.4&$,-.4'"cO*&&2,,''"

*="mB9,',.2+"M.$+,2+'6"!&'.2+$="O*(('5'"*A"mB9,',.2+2$=9"$=%"S0='+*(*529,96">kD>"�"M'.(&$="

',"$(?6">kDFd?"C='"$(,'.=$,21'"$-"+($&<$5'".',$.%4"'9,"($",.$2,'"%-"+*.%*="*-"A$4V$.6(c3$29`$("

',"$(?6">kDF"�"K$B'"',"$(?6">kDfd6"&$29"9$"=*=X2=A4.2*.2,4".'9,'"@"+*=A2.&'.?"

! Période postnatale 

!<.89" ($" 9,$B2(29$,2*=" %-" =*-1'$-X=4" '=" 9$(('" %'" =$299$=+'6" ('" 94N*-." '="

.4$=2&$,2*=v9*2=9" 2=,'=92A9"A$2," (;*BN',"%'"=*&B.'-9'9" 2=,'.1'=,2*=9"&4%2+$('9":-2"<'-1'=,"

$1*2."-="2&<$+,"B4=4A2:-'"<*,'=,2'("2=%2.'+,"9-."('"%41'(*<<'&'=,"='-.*(*52:-'"%'"(;'=A$=,?"

e(" $" 4,4" %4&*=,.4" :-'" ($" %09<($92'" B.*=+7*<-(&*=$2.'" 9418.'6" ('9" 2=A'+,2*=9" =4*=$,$('96"

(;'=,4.*+*(2,'"-(+4.*=4+.*9$=,'6"*-"('".',$.%"%'"+.*299$=+'"'H,.$X-,4.2="<*-1$2'=,"$(,4.'."('"

%'1'=2."='-.*(*52:-'"%'9"<.4&$,-.49"c/7*.,"',"$(?6">kki"�"Q'-B$-'."',"$(?6">kkw"�"#2,7$"',"

$(?6" >kDj" �" _'-='=" '," $(?6" >kDFd?" !2=926" %'9" 9,.$,452'9" 9<4+2A2:-'9" %'" <.41'=,2*=" %'" +'9"

+*&<(2+$,2*=9"%'" ($"<.4&$,-.2,4" 9;2=9+.21'=," 2=%2.'+,'&'=,"%$=9" ('" +$%.'"%'9" 9,.$,452'9"%'"

='-.*<.*,'+,2*="%-"<.4&$,-.4?""
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!%&2=29,.4'"'="<.41'=,2*="%'9"$<=4'9"%'9"<.4&$,-.496" ($"+$A42='"9'&B('"$&4(2*.'."

($" 9-.12'" 9$=9" %4A2+2," ='-.*%41'(*<<'&'=,$(" @" DwX>D"&*29" c/+7&2%," '," $(?6" >kkid6"&$29" +',"

'AA',"=;'9,"<$9"+*=A2.&4"@"F"$=9"c/+7&2%,"',"$(?6">kD>d?""

]'9"9*2=9"%'"%41'(*<<'&'=,"%'",0<'"Qe)O!M"c+%WG"*.(Q.;$@$;,34$Z%;(P%@%4"8A%.&34(

>3*%(3.;(2--%--A%.&(:*"6*3Ad"$&4(2*.'=,"45$('&'=," ('"%'1'=2."@"+*-.,"'," (*=5",'.&'"%'9"

<.4&$,-.496"$2=92":-'"('-."+*=A*.,"<'=%$=,"($"<4.2*%'"%;7*9<2,$(29$,2*="',"($".'($,2*="$1'+"('9"

<$.'=,9" cM','.9" '," $(?6" >kkz" �"#+!=-(,0" '," $(?6" >kD>d?" M$." $2(('-.96" ($" .'+*==$299$=+'" %'" ($"

.4$(2,4"%'"($"%*-('-."%-"=*-1'$-X=4"',"%'"9'9"+*=94:-'=+'9"@"(*=5",'.&'6"($".4A('H2*="9-."($"

%2&2=-,2*="%-"=*&B.'"%;$+,'9"%*-(*-.'-H"$-"+*-.9"%'"(;7*9<2,$(29$,2*="',"($"<.41'=,2*="%'"($"

%*-('-." '=" +$9" %;$+,'" %*-(*-.'-H" 2=%29<'=9$B('6" <$.,2+2<'=," $-992" @" ($" ='-.*<.*,'+,2*="%-"

<.4&$,-.4"c1*2."+7$<2,.'"geee?>"^"]$"%*-('-."%-"=*-1'$-X=4d?""

G=A2=6" ('" +7*2H" %'" (;$='9,7492:-'" ',v*-" $=$(5492:-'" 'AA2+$+'" 9-." ('" =*-1'$-X=4" ',"

<*,'=,2'(('&'=," ('"&*2=9"%4(4,8.'"9-." ('"+'.1'$-"2&&$,-.'"%*2,"I,.'"<.29"'="+*&<,'"<$." ('"

+(2=2+2'=" '=" +$9" %'" =4+'992,4" %'" 94%$,2*=" c1*2." +7$<2,.'" geee!&! ]'9" $5'=,9" $='9,7492:-'9" '="

<4.2*%'"<4.2=$,$('"^"('".4&2A'=,$=2(d?"

)'9" 9,.$,452'9" <7$.&$+'-,2:-'9" 4&'.5'=,'9" 9*=," '=" +*-.9" %;41$(-$,2*=?" ]$"

&4($,*=2='" cO*('(($" '," $(?6" >kDfd6" (;4.0,7.*<*a4,2='" *-" ($" %$.B'<*a4,2='" c#'992'." '," m7(96"

>kDEd6" ('9" +'((-('9" 9*-+7'9" cM$,*=" '," $(?6" >kDid6" (;q9,.$%2*(" *-" ($" <.*5'9,4.*='" cR'.5'." ',"

/�%'.6" >kDFd" 9*=," %'9" +$=%2%$,9" <*,'=,2'(9" @" (;$&4(2*.$,2*=" %-" %'1'=2." ='-.*(*52:-'" %'9"

<.4&$,-.49?"

" "
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]'" &$5=492-&6" %-" A$2," %'" 9'9" &-(,2<('9" <.*<.24,49" B2*(*52:-'96" $" A$2," (;*BN'," %'"

=*&B.'-9'9"4,-%'9"'H<4.2&'=,$('9"',"+(2=2:-'9"41$(-$=,"9*="$+,2*="='-.*<.*,'+,.2+'?""

! Propriétés du magnésium 

]'" &$5=492-&" '9," ('" 9'+*=%" +$,2*=" 2=,.$+'((-($2.'" $<.89" ('" <*,$992-&?" O*&&'" +'"

%'.=2'.6"+;'9,"-="2*="'99'=,2'(('&'=,"2=,.$+'((-($2.'"%*=,"($"+*=+'=,.$,2*="1$.2'"'=,.'"k6D"',"j"

&&*(v]?"];*.5$=29&'"+*=,2'=,"'=12.*="Df"&&*(vJ5"%'"&$5=492-&6"9*2,"'=12.*=">E"5.$&&'9"

cD" &*('d" +7'T" (;$%-(,'?" ]'" ,299-" *99'-H" .'=A'.&'" <(-9" %'" fk" �" %-" &$5=492-&" ,*,$(" %'"

(;*.5$=29&'?"/'-('"-='" A.$+,2*="%-"&$5=492-&"*99'-H" 2=,'.12'=,"%$=9" ('9"4+7$=5'9"$1'+" ('"

&$5=492-&" <($9&$,2:-'6" 2(" 9;$52," %-" &$5=492-&" <.49'=," @" ($" 9-.A$+'" %'9" +.29,$-H"

%;70%.*H0$<$,2,'6" (2B4.4" (*.9" %'" ($" .49*.<,2*="*99'-9'?" ]'"&-9+('" +*=,2'=," (-2" jk" @" Ek�"%-"

&$5=492-&",*,$(?"]'"&$5=492-&"'H,.$+'((-($2.'"='".'<.49'=,'":-'"D�"%-"&$5=492-&",*,$(?"

]$"+*=+'=,.$,2*="<($9&$,2:-'"'9,"%'"(;*.%.'"%'"k6z"�"k6D"&&*(v]6"%*=,"fk�"9'",.*-1'"9*-9"($"

A*.&'" 2*=294'6" $+,21'" %$=9" %'" =*&B.'-9'9" .4$+,2*=9" <7092*(*52:-'96" '," Ek�" '9," (24" @"

(;$(B-&2='" *-" +*&<('H4" @" %'9" $=2*=9?" ];4:-2(2B.'" '=,.'" ('9" $<<*.,9" '," ('9" <'.,'9" %'"

&$5=492-&"'9,"$99-.4"<.2=+2<$('&'=,"<$."('9"1$.2$,2*=9"%'"($".4$B9*.<,2*=",-B-($2.'".4=$('"

c%'"K*-AA25=$+"',"u-$&&'6"DzzEd?"

]'" &$5=492-&" '9," -=" +$,2*=" -B2:-2,$2.'" %$=9" ('" +*.<9" 7-&$2=?" O*A$+,'-." %'"

=*&B.'-H"909,8&'9"'=T0&$,2:-'96"2("'9,"2&<(2:-4"%$=9"<(-9"%'"jkk".4$+,2*=9"'=T0&$,2:-'9"

%2AA4.'=,'9?"]'"&$5=492-&"2=,'.12'=,"%$=9"('"+*=,.P('"%'"($".'9<2.$,2*="&2,*+7*=%.2$('?"e("'9,"

2=%29<'=9$B('"$-H".4$+,2*=9"%4<'=%$=,'9"%'"(;!VM"+$."2("$+,21'"('9"'=T0&'9"2&<(2:-4'9"%$=9"

('" ,.$=9A'.," %-" 5.*-<'" <7*9<7$,'" '=" 9;2=,'.+$($=," <$." %'9" (2$29*=9" 4('+,.*9,$,2:-'9" '=,.'"

%'-H" $,*&'9" %;*H058='" +7$.549" =45$,21'&'=,?" ]$" A*.&'" 2=,.$+'((-($2.'" $+,21'" %'" (y!VM"

+*..'9<*=%" '=" A$2," @" -=" +*&<('H'" #5>�v!VM" cM$=*1" '," /+$.<$6" Dzzfd?" ]'" &$5=492-&"

2=,'.12'=,"%*=+"%$=9"(y$+,212,4"%'"=*&B.'-9'9"!VM$9'96"'="<$.,2+-(2'."($"Q$�v_�!VM$9'"',"('9"

O$>�v!VM$9'9"&'&B.$=$2.'9?" )'"&I&'6" (y$+,212,4" $%4=0(+0+($9'" %'" ($" +'((-('6" +$,$(09$=," ($"

90=,789'"%y!#M+"@"<$.,2."%'"(y!VM6"'9,"%4<'=%$=,'"%-"&$5=492-&?"]'"&$5=492-&"2=,'.12'=,"

45$('&'=," (*.9" %'" ($" 90=,789'" %'9" $+2%'9" =-+(42:-'96" ($" 5(0+*(09'6" ($" B4,$X*H0%$,2*=6" ($"

<7*9<7*.0($,2*="*H0%$,21'6"($"90=,789'"<.*,42:-'"',"('"+0+('"%'"_.'B9?"

"
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! Actions cellulaires du magnésium 

8!"#"$! B.+0#4*-.+2-6$#'4-/2.(-#6*+

]'"&$5=492-&"$52,"+*&&'"$=,$5*=29,'"+*&<4,2,2A"%-"+$(+2-&"$-"=21'$-"%'9"+$=$-H"

+$(+2:-'9" 1*(,$5'X%4<'=%$=,9" %'" ,0<'" ]" '," %-" +$=$(" +$(+2:-'" %-" .4,2+-(-&" 9$.+*<($9&2:-'"

c+$=$(X.4+'<,'-." @" ($" .0$=*%2='d?" e(" (2&2,'" $2=92" ($" +*=+'=,.$,2*=" +0,*9*(2:-'"%'" +$(+2-&?" ]'"

&$5=492-&" $52," $-992" 9-." ('9" +$=$-H" <*,$992:-'9" '=" 2=72B$=," ('9" +*-.$=,9" %'" .'+,2A2+$,2*="

cr2((2$&9" '," R'$,+76" Dzzid?" G=" 2=,'.1'=$=," 9-." ('9" %2AA4.'=,9" 909,8&'9" +*=,.P($=," ('9"

&*-1'&'=,9" +$(+2:-'9" 2=,.$+'((-($2.'96" ('" &$5=492-&" $52," +*&&'" .45-($,'-." %'9" A(-H"

+$(+2:-'9?"]$".49-(,$=,'"74&*%0=$&2:-'"%'"(;$+,2*="$=,2+$(+2:-'"%-"&$5=492-&"'9,"-="'AA',"

2=*,.*<'" =45$,2A6" -='" 1$9*%2($,$,2*=" <4.2<74.2:-'" '," -='" ,'=%$=+'" @" ($" ,$+70+$.%2'?" M$."

$2(('-.96" (;'H<*92,2*=" $=,4=$,$('" $-" &$5=492-&" 9'&B('" 9,$B2(29'." ($" ,'=92*=" $.,4.2'(('" %'9"

=*-1'$-X=49"<.4&$,-.49"cK$=,*='"',"$(?6">kk>d?"

8!"#"#! B.+0#4*-.+0*.6'&./2.(-#6*+

!"A*.,'"+*=+'=,.$,2*=6"('"&$5=492-&"<'-,"B(*:-'."($",.$=9&2992*="='-.*&-9+-($2.'6"@"

($" A*29" <$." B(*+$5'" %'9" +$=$-H" +$(+2:-'9" :-2" 9,2&-('=," ($" (2B4.$,2*=" %;$+4,0(+7*(2='6" '," <$."

%2&2=-,2*=" %'" ($" 9'=92B2(2,4" @" (;$+4,0(+7*(2='" %'9" .4+'<,'-.9" <*9,X90=$<,2:-'9?" C='"

70<*&$5=494&2'"'=,.$}='"-='"70<'.'H+2,$B2(2,4"&-9+-($2.'"$(*.9":-;-='"70<'.&$5=494&2'"

'9,".'9<*=9$B('"%;-='"<$.$(092'"<.*5.'9921'"c!0-J"',"S2,,*'96">kDEd?"

8!"#"%! B.+0#4*-.+$.+/@/5:&*+0*64*.G+2*056-(+

]'" &$5=492-&" '9," -=" $=,$5*=29,'" %-" .4+'<,'-." Q#)!?" !-" <*,'=,2'(" %'" .'<*96" ('"

5(-,$&$,'"'9," 2=+$<$B('"%;$+,21'." ('" .4+'<,'-."Q#)!6"+$." ('" +$=$("'9,"B(*:-4"<$."%'9" 2*=9"

&$5=492-&?" C='" (458.'" %4<*($.29$,2*=" <'.&'," (;'H<-(92*=" %'9" 2*=9"&$5=492-&" '," $2=92" ('"

.4+'<,'-." <'-," I,.'" $+,214?" ]'" &$5=492-&" 2=72B'" $-992" ($" (2B4.$,2*=" %'" 5(-,$&$,'6" +'" :-2"

<$.,2+2<'"@" ($"%2&2=-,2*="%'" ($"&*.,"+'((-($2.'"'="+*=%2,2*="%;70<*H*X29+74&2'" c_$=5"',"$(?6"

>kDDd?"M$."$2(('-.96"('"&$5=492-&"9'&B('"%2&2=-'."('"1$9*9<$9&'"',"%*=+"$&4(2*.'."('"%4B2,"

9$=5-2="+4.4B.$("cm%*&"',"$(?6">kDjd?"

8!"#"0! B.56*/+-25#'0/+

]'"&$5=492-&"'9," $-992" $=,2$5.45$=," <($:-',,$2.'" c%2&2=-,2*="%-" ,7.*&B*H$='X!>6"

$-5&'=,$,2*="%'"(;!#M+d"',"$=,2X2=A($&&$,*2.'"c%2&2=-,2*="%'"+0,*J2='9"<.*X2=A($&&$,*2.'9"
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=*,$&&'=,"(;2=,'.('-J2='"f6"%2&2=-,2*="%'"($"<.*%-+,2*="%'".$%2+$-H"(2B.'9d"c]$&$.+$"',"$(?6"

>kDD"�"/-52&*,*"',"$(?6">kD>"�"g$="]$'+J'"',"$(?6">kD>d?"e("$52,"$-992"$-"=21'$-"%'"($".4<*=9'"

2&&-=2,$2.'" cr-"',"g'2((',,'6">kDDd?"]'"&$5=492-&"9'&B('"<*,'=,2$(29'." (;'AA',"%'"+'.,$2=9"

&4%2+$&'=,9" c'AA',9" +$.%2*1$9+-($2.'9" '," ='-.*&-9+-($2.'9" %'9" BI,$&2&4,2:-'96" %'9"

B(*:-'-.9"+$(+2:-'96"%'9"+-.$.'96"%'"($"5'=,$&2+2='d"c];Y*&&'%2'-"',"$(?6"Dzwjd?"

! Hypermagnésémie 

/-."('"<($="+(2=2:-'6"(;70<'.&$5=494&2'"c�F&&*(?]XDd"<.*1*:-'"-="B(*+$5'"<.*5.'992A"

%'" ($" ,.$=9&2992*=" ='-.*&-9+-($2.'" $1'+" -='" %2&2=-,2*=" %'9" .4A('H'9" *9,4*,'=%2='-H" ',"

<'-," '=,.$}='." N-9:-;@" -='" <$.$(092'" %'9" &-9+('9" .'9<2.$,*2.'9?" ];'AA'," %'9" +-.$.'9" '="

$='9,7492'" '9," <*,'=,2$(294" <$." (;70<'.&$5=494&2'?" ];70<'.&$5=494&2'" <'-," 45$('&'=,"

<.*1*:-'." %'9" ,.*-B('9" %'" ($" +*=9+2'=+'" :-2" <'-1'=," $(('." N-9:-;$-" +*&$" <.*A*=%?" /-." ('"

<($="+$.%2$:-'6" ('9"&$=2A'9,$,2*=9"<.4+*+'9"%'" (;70<'.&$5=494&2'"9*=,"&$.:-4'9"<$."-='"

B.$%0+$.%2'" '," -='" 70<*,'=92*=?" ];'AA'," +$(+2-&XB(*:-'-." %-" &$5=492-&" .','=,2," 9-." ($"

+*=%-+,2*=" $1'+" -=" .29:-'" %'" B(*+" $-.2+-(*X1'=,.2+-($2.'" +*&<(',6" 1*2.'" %;$..I," +$.%2$:-'?"

)'9"=$-94'96"%'9" 1*&299'&'=,96"%'9"&$-H"%'" ,I,'6"%'9" A(-979"',"%'9"<$(<2,$,2*=9"<'-1'=,"

I,.'"A.4:-'&&'=,"*B9'.149"c!0-J"',"S2,,*'96">kDEd?"

!Indications thérapeutiques actuelles du magnésium 

G="<.$,2:-'"+(2=2:-'6" ('"&$5=492-&"'9,"-,2(294"9*-9"A*.&'"%'"9-(A$,'"%'"&$5=492-&?"

]'"+7*2H"'=,.'"('"9-(A$,'"*-"('"+7(*.-.'"%'"&$5=492-&"9'&B('"I,.'"&*,214"<$."%'9"7$B2,-%'9"

+(2=2:-'9" <(-,P," :-'" <$." %'9" %*==4'9" <7$.&$+*(*52:-'9" *-" ,*H2+*(*52:-'9" c)-.($+7" '," $(?6"

>kkFd?"]'"&$5=492-&"A$2,"(;*BN',"%'"%21'.9'9"2=%2+$,2*=9",74.$<'-,2:-'9?"G="+$.%2*(*52'6"2("'9,"

-,2(294"%$=9"('",.$2,'&'=,"%'9",*.9$%'9"%'"<*2=,'6"%'9",$+70+$.%2'9"1'=,.2+-($2.'9".4929,$=,'9"

',"%'9"$.0,7&2'9"1'=,.2+-($2.'9"%-'9"@"-='"2=,*H2+$,2*="%252,$(2:-'"cVT21*=2"',"_'.'=6"Dzzkd?"

G="$='9,7492'X.4$=2&$,2*=6"('"&$5=492-&"'9,"-,2(294"<*-."+*=,.P('."(;70<'.,'=92*="$.,4.2'(('6"

'="+$9"%'"+.29'"<$.*H09,2:-'"$%.4='.52:-'"%-"<74*+7.*&*+0,*&'"c3$&'9"',"O.*=N46">kkEd?"e("

'9,"-,2(294"'="9'+*=%'"2=,'=,2*="<*-."('",.$2,'&'=,"%'9"+.29'9"%;$9,7&'"$25-"5.$1'6"%-"A$2,"%'"

9*="$+,2*="$=,2+$(+2:-'"',"%*=+"B.*=+7*%2($,$,.2+'"9-."('"&-9+('"(299'"B.*=+72:-'"c/2(1'.&$="

',"$(?6">kk>"�"Y'..*'%'."',"$(?6">kDDd6"&$29"+',,'"2=%2+$,2*=".'9,'"'=+*.'"+*=,.*1'.94'"c];7'.6"

>kk>"�"S**%$+.'"',"$(?6">kDE"�"_'`"',"$(?6">kDEd?"e("=;0"$"<$9"%'"<.'-1'"9+2'=,2A2:-'"9-AA29$=,'"

<*-."(;-,2(29$,2*="'="<.$,2:-'"+(2=2:-'"%-"&$5=492-&"%$=9"($"<.29'"'="+7$.5'"%'"(;2=A$.+,-9"%-"



!

!

!

INTRODUCTION 

!

! !

d`!

&0*+$.%'6"%'"(;$++2%'=,"1$9+-($2.'"+4.4B.$("',"%'"(;$..I,"+$.%2$:-'"cY'..*'%'."',"$(?6">kDDd?"

G="*B9,4,.2:-'6"-='"&4,$X$=$(09'"c>"#1*3.%(P3&3G3-%d".'+*&&$=%'"(;-,2(29$,2*="%-"9-(A$,'"

%'"&$5=492-&"'="+$9"%'"<.44+($&<92'"9418.'"$1'+"<.49'=+'"%'"925='9"='-.*(*52:-'9"c)-('0"

',"$(?6">kDkd?"G="'AA',6" 2(" (2&2,'"@" ($" A*29" ('" .29:-'"%;41*(-,2*="1'.9" (;4+($&<92'"'," ('" ,$-H"%'"

&*.,$(2,4"&$,'.='(('?"e("'9,"$-992"('",.$2,'&'=,"%'"+7*2H"%'"(;4+($&<92'"',"%2&2=-'"($".4+2%21'"

%'9"+.29'9"+*=1-(921'9"cG-9'."',"O2<*(($6">kkz"�"g252(X)'"S.$+2$"',"]-%&2.6">kDFd?"G=".'1$=+7'6"

('" 9-(A$,'" %'" &$5=492-&" =;'9," <(-9" .'+*&&$=%4" '=" ,$=," :-;$5'=," ,*+*(0,2:-'" +$." 9*="

'AA2+$+2,4"=;'9,"<$9"%4&*=,.4'"cS.2&'9"',"Q$=%$6">kkf"�"Y$="',"$(?6">kDj"�"#+Q$&$.$"',"$(?6"

>kDFd6" '," ('9" 7$-,'9" %*9'9" -,2(294'9" c@" <$.,2." %'" Fk" 5.$&&'9d" <'-1'=," '=,.$}='." -='"

9-.&*.,$(2,4"<4%2$,.2:-'"cM.0%'"',"#2,,'=%*.A6">kkzd?"

!Effets potentiels du magnésium sur le cerveau immature(

!-"1-"%'9"%2AA4.'=,'9"<.*<.24,49"B2*(*52:-'9"%-"&$5=492-&6"2("9'&B('"9'"%45$5'."%'9"

'AA',9"B4=4A2:-'9"<*,'=,2'(9"%$=9"('"+$%.'"%'"($"='-.*<.*,'+,2*="^"

X"&*%2A2+$,2*="%-"%09A*=+,2*=='&'=,"+'((-($2.'"

X"$=,2X2=A($&&$,*2.'"

X"B(*+$5'"=*="+*&<4,2,2A6"1*(,$5'X%4<'=%$=,6"%-".4+'<,'-."Q#)!"

X"2=72B2,2*="%'"($"(2B4.$,2*="%'"5(-,$&$,'"

X" 74&*%0=$&2:-'" c9,$B2(29$,2*=" %'" ($" <.'992*=" $.,4.2'(('6" $-5&'=,$,2*=" %-" %4B2," 9$=5-2="

+4.4B.$(d"

#$29"+'.,$2='9"$+,2*=9"%-"&$5=492-&"<'-1'=,"<*,'=,2'(('&'=,"I,.'"%4(4,8.'9"9-."('"

+'.1'$-"2&&$,-.'6"=*,$&&'=,"9'9"'AA',9"^"

X"$=,2$5.45$=,X<($:-',,$2.'"�"

X"$=,2+$(+2:-'"c1$9*%2($,$,2*=6"70<*,'=92*="$.,4.2'(('6"B.$%0+$.%2'6"$<=4'd"�"

X"='-.*&-9+-($2.'"�"

-!<*,'=,2$(29$,'-.9" %'" +'.,$2=9" &4%2+$&'=,9" c'AA',9" +$.%2*1$9+-($2.'9" '," ='-.*&-9+-($2.'9"

%'9" BI,$&2&4,2:-'96" %'9" B(*:-'-.9" +$(+2:-'96" %'9" +-.$.'9" '," %'" ($" 5'=,$&2+2='"

=*,$&&'=,d?"

" "
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!Le magnésium et la neuroprotection 

8!"2"$! ,A*H+(IB0#&-(+

)-" A$2," %'" 9'9" 'AA',9" B4=4A2:-'9" <.*B$B('96" ('"&$5=492-&" $" %'<-29" (*=5,'&<9" 4,4"

+*=92%4.4" +*&&'" -=" B*=" +$=%2%$," <*-." ($" ='-.*<.*,'+,2*=?" )'<-29" ('" &2(2'-" %'9" $==4'9"

Dzwk6"%'"=*&B.'-9'9"'H<4.2&'=,$,2*=9"$=2&$('9"*=,"+7'.+74"@"&',,.'"'="412%'=+'"('".P('"

<.*,'+,'-."%-"&$5=492-&"9-." ('"+'.1'$-?"]'9"'H<4.2&'=,$,2*=9"*=," ,*-,"%;$B*.%"+*=+'.=4"

%'9" $=2&$-H" $%-(,'9" %$=9" ('" +$%.'" %'" &*%8('9" %;70<*H2'6" %;$++2%'=," 1$9+-($2.'" *-" %'"

,.$-&$,29&'9" +.s=2'=9?" !2=92" '=" DzwE6" g$+$=,2" '," !&'9" &',,'=," '=" 412%'=+'" -=" 'AA',"

='-.*<.*,'+,'-."%-"&$5=492-&6"%$=9"-="&*%8('"%;29+74&2'"%'"($"&*'(('"4<2=28.'"%'"($<2=9"

$%-(,'9" cg$+$=,2" '," !&'96" DzwEd?" G=" Dzwi6" (;$N*-," %'" &$5=492-&" 9-." %'9" ,.$=+7'9"

%;72<<*+$&<'" %'" .$,9" <'.&'," %'" %2&2=-'." (;'AA'," %'" (;70<*H2'" cO($.J" '," K*,7&$=6" Dzwid?"

#+e=,*97"',"+*(($B*.$,'-.9"%4&*=,.'=,"'="Dzwz":-'"(;2=N'+,2*="<*9,X,.$-&$,2:-'"%'"9-(A$,'"

%'"&$5=492-&"%2&2=-'6"%'"A$\*="%*9'X%4<'=%$=,'6" (;2=+2%'=+'"%'9",.*-B('9"='-.*(*52:-'9"

c#+e=,*97" '," $(?6" Dzwzd?" G=" Dzzf6" #$.2=*1" '," +*(($B*.$,'-.9" +*=9,$,'=," :-'" +7'T" ('" K$,6"

(;$%&2=29,.$,2*="%'" 9-(A$,'"%'"&$5=492-&"$1$=,"-="4<29*%'"%;29+74&2'" A*+$('" N*-'"-=" .P('"

='-.*<.*,'+,'-."<$."B(*+$5'"%'9".4+'<,'-.9"Q#)!"c#$.2=*1"',"$(?6"Dzzfd?"

O*&<,'" ,'=-" %'9" .49-(,$,9" <.*&',,'-.9" 9-." ('" +'.1'$-" $%-(,'6" %'9" 4,-%'9" *=," 4,4"

&'=4'9"9-."%'9"&*%8('9"$=2&$-H"%'"(492*=9"+4.4B.$('9"<4.2=$,$('9?"];'AA',"='-.*<.*,'+,'-."

%-"&$5=492-&"$"4,4"41$(-4"$-",.$1'.9"%'"<(-92'-.9"&*%8('9"(492*=='(9?"

$! e=N'+,2*="2=,.$+4.4B.$('"%;$5*=29,'9"5(-,$&$,'.52:-'9"

#+)*=$(%" '=" Dzzk" %4&*=,.'" :-'" ('9" (492*=9" +4.4B.$('9" 2=%-2,'9" <$." -='" 2=N'+,2*="

2=,.$X9,.2$,$('"%'"Q#)!"9*=,"&*2=9"2&<*.,$=,'9"$<.89"2=N'+,2*="2=,.$X<4.2,*=4$('"%'"9-(A$,'"

%'"&$5=492-&"+7'T"('".$,"s54"%'"i"N*-.9"c#+)*=$(%"',"$(?6"Dzzkd?"#$..',"'="DzzF"-,2(29'"-="

&*%8('"%;2=N'+,2*=" 2=,.$+4.4B.$('"%;2B*,4=$,'" +7'T" ('" 9*-.2+'$-" c#$..'," '," $(?6" DzzF$d?" ]'9"

(492*=9" +4.4B.$('9" 2=%-2,'9" <$." (;2B*,4=$,'" +7'T" ('" 9*-.2+'$-" <'-1'=," I,.'" $992&2(4'9" <$."

+'.,$2=9"$9<'+,9"@"+'(('9"*B9'.14'9"+7'T"('"<.4&$,-.4"7-&$2=?"]'9"'AA',9"%-"&$5=492-&"9*=,"

%2AA4.'=,9"'=" A*=+,2*="%'" ($"&$,-.2,4"%41'(*<<'&'=,$('"%'9"9*-.2+'$-H?"!2=926"@"F" N*-.9"%'"

12'6" (;2=N'+,2*=" 2=,.$X<4.2,*=4$('" %'" 9-(A$,'" %'" &$5=492-&" %2&2=-'" ($" ,$2(('" %'9" (492*=9"

+4.4B.$('9"2=%-2,'9"<$."(;2B*,4=$,'?"G=".'1$=+7'6"('"&$5=492-&"='"&*%2A2'"<$9"(;4,'=%-'"%'"

($" (492*=" +4.4B.$('" 92" (;2=N'+,2*=" $" (2'-" ('" N*-." %'" ($" =$299$=+'" *-" @" Dk" N*-.9" %'" 12'?" O'9"
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.49-(,$,9" &',,'=," '=" 412%'=+'" @" ($" A*29" -=" 'AA'," B4=4A2:-'" %-"&$5=492-&" 9-." ('" +'.1'$-"

2&&$,-.'" (494" '," $-992" ($" =*,2*=" %'" A'=I,.'" ,74.$<'-,2:-'" '=" %'7*.9" %'" ($:-'(('" ('"

&$5=492-&" '9," 2='AA2+$+'?" ]$" &$,-.2,4" %41'(*<<'&'=,$('" %'9" +'.1'$-H" %'" 9*-.29" @" M>"

4:-21$-,"9+74&$,2:-'&'=,"@"+'(('"%'9"+'.1'$-H"7-&$2=9"@">E"9'&$2='9"%;$&4=*..74'6"',"($"

&$,-.2,4"%'9"+'.1'$-H"@"MDk"4:-21$-,"@"+'(('"%'9"+'.1'$-H"%'"=*-1'$-X=49"@",'.&'"c#$..',6"

>kkjd?" !2=926" (;2=N'+,2*=" %-" 9-(A$,'" %'" &$5=492-&" @" 1294'" ='-.*<.*,'+,.2+'" +7'T" (;7*&&'"

9'&B('.$2,"I,.'"*<,2&$('"'=,.'">f"',"ED"9'&$2='9"%;$&4=*..74'?"

B! Y0<*H2'X29+74&2'"+4.4B.$('"A*+$('"c%'",0<'"K2+'Xg$==-+2d"

]'" &*%8('" (492*=='(" +*=929,'" @" (25$,-.'." -='" %'9" $.,8.'9" +$.*,2%2'=='9" <-29" @"

9*-&',,.'" ('9" $=2&$-H" @" -='" $,&*9<78.'" 70<*H2:-'" <'=%$=," -='" @" %'-H" 7'-.'9" cw�"

%;*H058='6"z>�"%;$T*,'d" cK2+'"',"$(?6"DzwDd?" ]'9" (492*=9"+4.4B.$('9"*B9'.14'9"%-"+P,4"%'" ($"

(25$,-.'"9*=,"+*&<$.$B('9"@"+'(('9".',.*-14'9"+7'T"(;Y*&&'"'="+$9"%;29+74&2'"+4.4B.$('?""

];2=N'+,2*=" %'" &$5=492-&" $<.89" (;4<29*%'" %;70<*H2'X29+74&2'" ='" &*%2A2'" <$9" ($"

&*.,$(2,4" ='-.*=$('" @" Mi" +7'T" ('" K$," cS$(12=" '," m*.9+7*,6" Dzzwd" *-" @" MD" +7'T" ('" <*.+'(',"

cM'=.2+'"',"$(?6"Dzzi"�"S.''=`**%"',"$(?6">kkkd?"G=".'1$=+7'6"@"Mi"+7'T"('"K$,6"-='".4%-+,2*="

%'" ($" ,$2(('" %'" ($" (492*=" +4.4B.$('" '9," *B9'.14'" '=" +$9" %;$%&2=29,.$,2*=" %'"&$5=492-&" '="

B*(-9"$1$=,"-="4<29*%'"%;70<*H*X29+74&2'"c/$&'972&$"',"$(?6"Dzzzd6"$2=92":-;-='"%2&2=-,2*="

%'"(;$<*<,*9'"72<<*+$&<2:-'6"41$(-4'"<$."($"&4,7*%'"VCQG]"cH;HNA%;$3&%;N;[H:(.$#VN%.;(

43G%44$.6d" cV�.J02(&$T" '," $(?6" >kk>d?" G=A2=6" ('9" .$,9" $0$=," 4,4" 'H<*949" $-" &$5=492-&" @" Mi"

$1$=,"($"<.*+4%-.'"K2+'Xg$==-+2"<.49'=,'=,"%'"&'2(('-.'9"<'.A*.&$=+'9"9'=9*.2X&*,.2+'9"@"

(;s5'" $%-(,'" cM$T$2,2" '," $(?6" >kkzd?" ];'AA'," ='-.*<.*,'+,'-." %-" 9-(A$,'" %'" &$5=492-&" '," ('"

+*=+'<,"%'"A'=I,.'"%;-,2(29$,2*="9*=,"@"=*-1'$-"&29"'="412%'=+'"<$."+'9"4,-%'9"$=2&$('9?"

+! Y0<*H2'"9'-('"

O7'T" ('" <*.+'('," =*-1'$-X=46" s54" %'" %'-H" N*-.96" 2=,-B4" '," 1'=,2(4" '=" +*=%2,2*="

%;70<*H2'"cA.$+,2*="2=9<2.$,*2.'"'="*H058='"cU2m>d"%'"k6kF"@"k6kid6"(;$%&2=29,.$,2*="%'"9-(A$,'"

%'"&$5=492-&"<.412'=,"('9"&*%2A2+$,2*=9"%'"($"&'&B.$='"=-+(4$2.'"%'9"='-.*='9"',".4%-2,"

$2=92"($",.$=9+.2<,2*="%'"A$+,'-.9"<.*X$<*<,*,2:-'9"+$(+2-&X%4<'=%$=,9"c#$&2"',"$(?6">kkf$d?"

!1'+"('"&I&'"<.*,*+*('"'H<4.2&'=,$(6"2("$"4,4"&29"'="412%'=+'":-'"('"&$5=492-&"<.41'=$2,"

(;$-5&'=,$,2*="%'"(;$+,212,4"%'"+'.,$2='9"<.*,42='9"J2=$9'9"$2=92":-'"($"<.*%-+,2*="'H+'9921'"

%'".$%2+$-H" (2B.'9" c#$&2"',"$(?6">kkfBd?"]'"&$5=492-&"<'.&',"$-992" ('"&$2=,2'="%-"=21'$-"
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%;$+,212,4" %'9" <*&<'9" Q$�vO$>�" !VM$9'96" %-" =*&B.'" %'" .4+'<,'-.9" Q#)!" '," %2&2=-'" ('9"

$(,4.$,2*=9"&'&B.$=$2.'9" cY*AA&$=" '," $(?6" DzzEd?" )$=9" -="&*%8('" $.( @$&*"( %;70<*H2'6" %'9"

+-(,-.'9" %'" <.4X*(25*%'=%.*+0,'9" %'" .$,9" *=," &*=,.4" %$1$=,$5'" %'" .4929,$=+'" '=" +$9" %'"

,.$2,'&'=,"<$."%-"9-(A$,'"%'"&$5=492-&"ce,*7"',"$(?6">kDfd"

M$."$2(('-.96" 2("$"4,4"%4&*=,.4":-'" ('"9-(A$,'"%'"&$5=492-&6" 2=N'+,4"'="9*-9X+-,$=4"

+7'T"%'9".$,'9"5'9,$=,'96",.$1'.9'"($"B$..28.'"<($+'=,$2.'"',"($"B$..28.'"74&$,*X'=+4<7$(2:-'"

<*-."$,,'2=%.'"($"+2.+-($,2*="+4.4B.$('"Aq,$('"'="D"7'-.'"cY$(($J"',"O*,,*=6"Dzzjd?"];2=N'+,2*="

%'"&$5=492-&"@"%'9"+*B$0'9"5'9,$=,'9"$1$=,"-="4<29*%'"70<*H2:-'"<'.&',"($"<.41'=,2*="%'"

(;$-5&'=,$,2*="2=,.$+4.4B.$('"%'".$%2+$-H"(2B.'9"c#$-(2J"',"$(?6"Dzzzd?"];2=N'+,2*="-='"7'-.'"

$<.89"(;70<*H2'6"<'.&',"%'"(2&2,'."('9"$(,4.$,2*=9"&'&B.$=$2.'9"',"%'"(;!)Q"<$."&$2=,2'="%'9"

+*=+'=,.$,2*=9"'H,.$+'((-($2.'9"%'"&$5=492-&"c#$-(2J"',"$(?6">kkDd?"

!-",*,$(6" (;2&<$+,"%-"9-(A$,'"%'"&$5=492-&"9-." ('"+'.1'$-" 2&&$,-.'"$=2&$("9'&B('"
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2=%2+$,2*="$-"&$5=492-&6"-="+*&$"74<$,2:-'"*-"-='"&0$9,74=2'"5.$12%2:-'?"]'9"<$,2'=,'9"

*=," 4,4" .'+.-,4'9" %$=9" %'" =*&B.'-H" <$096" '99'=,2'(('&'=," %'9" <$09" %41'(*<<49?" ]$"

<*9*(*52'" %-" 9-(A$,'" %'"&$5=492-&"4,$2," %'" E" 5.$&&'9" '=" B*(-9" 2=,.$1'2='-H" 9-212" %;-='"

%*9'"%;'=,.',2'="2=,.$1'2='-9'"%'"D"5.$&&'"<$."7'-.'"<'=%$=,">E"7'-.'9"*-"%'"F"5.$&&'9"

'="2=,.$&-9+-($2.'",*-,'9"('9"E"7'-.'9"<'=%$=,">E"7'-.'9?")$=9"+'.,$2=9"+'=,.'96"-="9-212"%-"

%41'(*<<'&'=,"='-.*(*52:-'"$1$2,"4,4".'+-'2((2"@"Dw"&*29"<$.":-'9,2*==$2.'9?"e("=y0"$1$2,"<$9"

%'"%2AA4.'=+'" 925=2A2+$,21'"'=" ,'.&'9"%'"&*.,$(2,4"<4%2$,.2:-'"*-"%'"%4A2+2,"='-.*9'=9*.2'("

'=,.'"('9"%'-H"5.*-<'9"c#$5<2'"V.2$("U*((*`XC<"/,-%0"O*(($B*.$,21'"S.*-<6">kkid?"



!

!

!

INTRODUCTION 

!

! !

dd!

@$! 5S&3N3.34'-%-(;%-(%--3$-(*3.;"A$-S-(

!A2=" %;$<<.4+2'." (;2&<$+," %'" (;'H<*92,2*=" $=,4=$,$('" $-" &$5=492-&" 9-." ('" %'1'=2."

='-.*(*52:-'"%'9"'=A$=,9"<.4&$,-.496"-='"<.'&28.'"&4,$X$=$(09'"c>"#1*3.%(;3&3G3-%d"%'9"

'99$29" $" 4,4" <-B(24'" '=" >kkz?" )*0('" '," +*(($B*.$,'-.9" *=," $=$(094" ('9" :-$,.'" '99$29" %'"

='-.*<.*,'+,2*="'," ('9"DFzj"'=A$=,9"%'"(;'99$2"#$5<2'"41$(-49"@"Dw"&*29"',"%*=,"('9"&8.'9"

$1$2'=," .'\-" $1$=," ('" ,'.&'" %'" ji" 9'&$2='9" %;$&4=*..74'" -=" ,.$2,'&'=," <$." 9-(A$,'" %'"

&$5=492-&" c)*0('" '," $(?6" >kkz$6" >kkzBd?" C='" %2&2=-,2*=" %'" j>" �" %-" .29:-'" .'($,2A" %'"

<$.$(092'" +4.4B.$('" $" 4,4"&29'" '=" 412%'=+'" cKK" k6fw" �" eO" zF"�" k6FEXk6wi" �" F" '99$29" �" fDEF"

'=A$=,9d?"]'"B4=4A2+'".'9,$2,"925=2A2+$,2A"%$=9"('"9*-9X5.*-<'"='-.*<.*,'+,2*="cKK"k6iD"�"eO"zF"

�"k6FFXk6zD"�"E"'99$29"�"EEEf"'=A$=,9d6"&$29"<$9"%$=9"(;$-,.'"9*-9X5.*-<'"c'99$2"#$5<2'd?"]'"

=*&B.'"%'"&8.'9"@" ,.$2,'."<*-."<.41'=2."-='"<$.$(092'" +4.4B.$('"4,$2,"%'"fj" ceO"zF"�"jzX

Di>d6"%'"E>"%$=9"('"9*-9X5.*-<'"='-.*<.*,'+,2*="ceO"zF"�">>XjFid"',"%'">z"A'&&'9"%$=9"('"

5.*-<'"%'9"'=A$=,9"=49"$1$=,">w" 9'&$2='9"%;$&4=*..74'?" ]$"&*.,$(2,4"<4%2$,.2:-'"=;4,$2,"

<$9"&*%2A24'"<$." (;$%&2=29,.$,2*="$=,4=$,$('"%'"&$5=492-&" cKK"k6zF6" eO"zF�"k6wkXD6D>"�" F"

'99$29"�"fDEF"'=A$=,9d?"]'9"$=$(09'9"9,$,29,2:-'9"4,$2'=,"('9"&I&'9"%$=9"('9"9*-9X5.*-<'9"'="

2=,'=,2*="%'",.$2,'.?"M$."$2(('-.9"2("'H29,$2,"-='"A*.,'"74,4.*54=42,4"'=,.'"('9"4,-%'9"ce>"EF�d"

($.5'&'=,"(24'"$-H".49-(,$,9"%'"(;4,-%'"#$5Q',"cKK"DF6w6"eO"zF�"k6zjX>fi"�"Dkf"'=A$=,9d?")'"

&I&'6" ('" 9-(A$,'" %'" &$5=492-&" =;$1$2," <$9" %;'AA'," 925=2A2+$,2A" 9-." ('" +.2,8.'" +*&B2=4"

&*.,$(2,4v<$.$(092'"+4.4B.$('6"&$29"2("'H29,$2,"-='"74,4.*54=42,4"2&<*.,$=,'"cKK"k6zE"�"eO"zF�"

k6iwXD6D>"�" e>" FD6j�" X" F" '99$296" fDEF" '=A$=,9d?" G=" .'1$=+7'" %$=9" ('" 9*-9X5.*-<'"

='-.*<.*,'+,2*=6"('"&$5=492-&"2=%-29$2,"-='".4%-+,2*="925=2A2+$,21'"%-"+.2,8.'"+*&<*92,'"cKK"

k6wF"�" eO" zF�" k6iEXk6zw"�" e>" F6j�" �" E" '99$29"�" EEEf" '=A$=,9d?" ]'" .',$.%" %'" %41'(*<<'&'=,"

&*,'-." 4,$2," &*2=9" A.4:-'=," %$=9" ('" 5.*-<'"&$5=492-&" cKK" k6fD"�" eO" zF�" k6EEXk6wF" �" E"

'99$29"�"Fzwk"'=A$=,9d?"G=A2=6" 2("=;0"$1$2,"<$9"%;2&<$+,"%-"9-(A$,'"%'"&$5=492-&"9-."('"9+*.'"

%;!MS!K6"('"B'9*2="%'"1'=,2($,2*="$9929,4'"@"($"=$299$=+'6"('9"$=*&$(2'9"+4.4B.$('9"%4+'(4'9"@"

(;GVU" '," ('9" %'1'=2.9" 9'=9*.2'(9" c9-.%2,46" +4+2,4d" *-" +*5=2,2A9?" O',,'"&4,$X$=$(09'" <.49'=,'"

412%'&&'=," %'9" (2&2,'9" %-" A$2," =*,$&&'=," %'9" %2AA4.'=+'9" %'" <.*,*+*('9" %'9" '99$29"

$=$(0949?" G=" 'AA',6" ('9" &*%$(2,49" %y$%&2=29,.$,2*=" %-" 9-(A$,'" %'" &$5=492-&6" ('9" (2&2,'9"

&$H2&$('9"%'",'.&'"',"('9"+.2,8.'9"%y2=+(-92*="4,$2'=,"1$.2$B('9"%y-="'99$2"@"(y$-,.'?")'"<(-96"

('9"*-,2(9"%y41$(-$,2*="%'9"=*-1'$-X=49"',"%'9"'=A$=,9"=y4,$2'=,"<$9"9'&B($B('9?"M$."$2(('-.96"
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('9" <*<-($,2*=9" 2&<(2:-4'9" %$=9" ('9" %2AA4.'=,9" '99$29" =y4,$2'=," <$9" 9,.2+,'&'=," 2%'=,2:-'96"

=*,$&&'=,"<*-."('9"+$-9'9"%'"($"<.4&$,-.2,4?""

u-$,.'"&4,$X$=$(09'9"*=,"4,4"%'<-29"<-B(24'9"$1'+"%'9".49-(,$,9"',"%'9"+*=+(-92*=9"

9'&B($B('9"cO*=%'X!5-%'(*"',"K*&'.*6">kkz"�"O*9,$=,2='"',"$(?6">kkz"�"m%%2'"',"$(?6">kDF"�"

Z'=5"',"$(?6">kDfd?"

];'=9'&B('"%'9"'99$29".$=%*&2949"',"%'9"&4,$X$=$(09'9"&',"'="412%'=+'"-="(2'="A*.,"

',"+*=9,$=,"'=,.'"('",.$2,'&'=,"<$."&$5=492-&"',"($".4%-+,2*="%'"($"<$.$(092'"+4.4B.$('?"C="

5.*-<'" %;4,-%'" +*(($B*.$,21'" 2=,'.=$,2*=$('" c2.&%.3&34( 536.%-$,A( Q:P( Q.&%*.3&$".34(

>"443G"*3&$".(b(3--%--$.6(&1%(G%.%9$&-(9"*(G3G$%-(,-$.6(&1%(G%-&(4%@%4("9(%@$;%.#%(b(25Q>2E=7d"

.$99'&B($=," ('9"%2AA4.'=,9" 2=1'9,25$,'-.9"%'9"'99$29"<-B(2496" 9;'9,"+*=9,2,-4"<*-."+*&<(4,'."

('9"%*==4'9"%'9"&4,$X$=$(09'9"<$."-='"$=$(09'"%'9"%*==4'9"2=%212%-'(('9"c$.;$@$;,34(83&$%.&(

;3&3(A%&3N3.34'-$-"ceM)dd6"-,2(29$=,"($"&4,7*%*(*52'">"#1*3.%"c!#eO!R]G"S.*-<6">kD>d?"]'9"

.49-(,$,9"%'"+',,'"&4,$X$=$(09'"eM)"9*=,"'="+*-.9"%'"<-B(2+$,2*=?"

];41$(-$,2*=" %-" %'1'=2." @" (*=5" ,'.&'" %'9" '=A$=,9" 'H<*949" $.( ,&%*"" $-" 9-(A$,'" %'"

&$5=492-&"'9,"2=%29<'=9$B('"<*-."$=$(09'."('-."%41'(*<<'&'=,"<90+7*&*,'-."',"9;$99-.'."

%'"(;$B9'=+'"%;'AA',"%4(4,8.'"%'"($"&*(4+-('?"]'"9-212"@"(;s5'"9+*($2.'"%'"($"+*7*.,'"A.$=\$29'"

M.'&$5"A$2," (;*BN',"%'" ($"<.'&28.'"<$.,2'"%-",.$1$2("%'"+',,'",789'" cO7*(($,"',"$(?6">kDEd?"]'"

9-212"@"(*=5",'.&'"%'"($"+*7*.,'"$-9,.$(2'=='"$"4,4"<-B(24"%$=9"-="9'+*=%",'&<9"c)*0('"',"$(?6"

>kDE$d?"

" "
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9""! 1HJ!?GHLDJ!?LHJDSBJFWEHJ!HL!@BAFKMH!@BAFL?D?PH!I!PH!ABCFZHLD?LFP!

)'9" &2((2*=9" %;'=A$=,9" %$=9" ('" &*=%'" 9*=," $='9,749249" +7$:-'" $==4'" <*-." %'9"

2=,'.1'=,2*=9" +72.-.52+$('96" %'9" <.*+4%-.'9" %*-(*-.'-9'96" *-" <*-." +'.,$2=9" 'H$&'=9"

.$%2*(*52:-'9?"!-H"%4B-,9"%'"(;$='9,7492'"<4%2$,.2:-'6"2("4,$2,"7$B2,-'("%'"<'=9'.":-;-='"A*29"

(;'AA',"%'"(;$5'=,"$='9,7492$=,"%2992<46"('"+'.1'$-".'1'=$2,"@"9*="4,$,"B$9$(?")'<-29":-'(:-'9"

$==4'96"%'"=*&B.'-9'9"4:-2<'9"%'".'+7'.+7'"9-558.'=,":-'"($"94%$,2*=v$=$(5492'"<*-..$2,"

$1*2." %'9" 'AA',9" %-.$B('9" 9-." ('" +'.1'$-?" )'" &-(,2<('9" ,.$1$-H" &',,'=," '=" 412%'=+'" +7'T"

(;!=2&$(" %'9" 'AA',9" =4A$9,'9" %;-='" $='9,7492'" 9-." ($" 12,$(2,4" +'((-($2.'" +4.4B.$('?" O'.,$2='9"

4,-%'9" +7'T" (;Y*&&'"&',,'=,"45$('&'=,"'="$1$=,"-=" 2&<$+," 9-." ('"%'1'=2."='-.*+*5=2,2A"

%'9"'=A$=,9"'H<*949?"O*&<,'",'=-"%'"($"=4+'992,4"%;-='"94%$,2*=v$=$(5492'"'="92,-$,2*="%'"

<.*+4%-.'"%*-(*-.'-9'"+7'T"('"=*-1'$-X=4"',"(;'=A$=,6"('9",.$1$-H"%'".'+7'.+7'"9-."(;2&<$+,"

%'9"$='9,7492:-'9"9-." ('"+'.1'$-"'="%41'(*<<'&'=,"9*=," 2=%29<'=9$B('9"$A2="%;$%&2=29,.'."

(;$5'=,"$='9,7492:-'"('"&*2=9"%4(4,8.'?"

! Contexte d’utilisation des agents anesthésiques 

]'9" =*-1'$-X=49" <.4&$,-.49" *-" @" ,'.&'" <'-1'=," I,.'" 'H<*949" @" %'9" $5'=,9"

$='9,7492:-'9"<'=%$=," ($"5.*99'99'6" (*.9"%'" (;$++*-+7'&'=,"',v*-"$-"+*-.9"%'9"<.'&28.'9"

9'&$2='9"',"%'9"<.'&2'.9"&*29"%'"12'?""

Q.(,&%*"6"('"Aq,-9"<'-,"I,.'"'H<*94"@"%'9"$5'=,9"$='9,7492:-'9"'="+$9"%;2=,'.1'=,2*="

+72.-.52+$('" =*=" *B9,4,.2+$('" =4+'992,$=," -='" $='9,7492'" 54=4.$('" &$,'.='(('" cY''9'=" ',"

_(2&'J6">kDfd?"!-H"G,$,9XC=296">�"%'9"A'&&'9"'=+'2=,'9"=4+'992,'=,"-='"+72.-.52'"<'=%$=,"

($" 5.*99'99'?" ]'9" 2=%2+$,2*=9" ('9" <(-9" A.4:-'=,'9" 9*=," ('9" $<<'=%2+'+,*&2'96" ('9"

+7*(4+09,'+,*&2'96" ('9" +-.'9" %'" 7'.=2'" %29+$('6" ('9" ,.$-&$,29&'9" *-" '=+*.'" ('9" +72.-.52'9"

*=+*(*52:-'9"cS2(*"',"$(?6">kkzd?"]'"+*((85'"$&4.2+$2="%'9"50=4+*(*5-'9X*B9,4,.2+2'=9"$"<-B(24"

%'9".'+*&&$=%$,2*=9"'=">kkj"c&29'9"@"N*-."'=">kDid"<*-."'=+$%.'."+'9"<.*+4%-.'9"c!OmS"

O*&&2,,''"*="mB9,',.2+"M.$+,2+'6">kDD"�"!=*=6">kDid?"

C='" $='9,7492'" 54=4.$('" &$,'.='(('" <'-," 45$('&'=," I,.'" =4+'99$2.'" '=" +$9" %'"

+49$.2'=='" '=" -.5'=+'" *-" (*.9:-'" (;$='9,7492'" (*+*.452*=$('" '9," +*=,.'X2=%2:-4'" *-"

2='AA2+$+'?" !-H" G,$,9XC=29" '=,.'" >kDk" '," >kDF6" F6w�" %'9" +49$.2'=='9" *=," =4+'992,4" -='"

$='9,7492'"54=4.$('?" G=" 92,-$,2*="%;-.5'=+'6" ('" ,$-H"%;$='9,7492'"54=4.$('" 9;4(81'"@"DE6f�"
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%'9" +49$.2'=='9" c3-$=5" '," $(?6" >kDid?" G=" +$9" %'" =$299$=+'" <.4&$,-.4'6" ('" .'+*-.9" @" ($"

+49$.2'=='"'9,"<(-9"A.4:-'=,":-;'="+$9"%'"=$299$=+'"@",'.&'"cji�"%'9"=$299$=+'9"'=,.'">>"',"

>f" /!6" ik�" %'9" =$299$=+'9" '=,.'" >i" '," jD" /!" '," FF�" '=,.'" j>" '," jE" /!" <*-." ($" +*7*.,'"

A.$=\$29'" GMeM!SG" >" c!=+'(" '," $(?6" >kDFdd6" '," ('" ,$-H" %;$='9,7492'" 54=4.$('" '9," 45$('&'=,"

&$N*.4"c'=12.*="Fj�"%'9"+49$.2'=='9"<*-."($"+*7*.,'"GMeM!SG"D"c]$-%'=B$+7"',"$(?6">kkzd6"

'," Dw6F�"<*-." ($" +*7*.,'" GMeM!SG">6" %*==4'9" =*="<-B(24'9d?" M*-." (;2=%-+,2*=6" ('" <.*<*A*("

9'&B('" ('" <(-9" $%$<,4" '," .'&<($+'" <'-" @" <'-" ('" ,72*<'=,$(?" C=" +-.$.'" '9," $99*+24" $1$=,"

(;2=,-B$,2*=" c.*+-.*=2-&" *-" 9-++2=0(+7*(2='d?" Y29,*.2:-'&'=,6" ('9" &*.<72=2:-'9" ='" 9*=,"

$%&2=29,.49":-;$<.89"+($&<$5'"%-"+*.%*="<*-."412,'."-="'AA',"%4<.'99'-.".'9<2.$,*2.'"+7'T"

('"=*-1'$-X=4?"#$29" (;-,2(29$,2*="%-".4&2A'=,$=2("%89" (;2=%-+,2*="'9,"+.*299$=,'"'=".$29*="%'"

9*="%4($2"%;$+,2*=".$<2%'"',"%'"9$"%'&2X12'"+*-.,'6"(2&2,$=,"('9"'AA',9".'9<2.$,*2.'9"%4(4,8.'9"

+7'T" ('" =*-1'$-X=4?" ]'9" 5$T" 7$(*54=49" c941*A(-.$='d" 9*=," :-$=," @" '-H" -,2(2949" <*-."

(;'=,.',2'="%'"(;$='9,7492'"c#-.%*+7"',"$(?6">kDj"�")'1.*'"',"$(?6">kDFd?"

G=" %'7*.9" %'" (;$='9,7492'" 54=4.$('6" (;-,2(29$,2*=" %-" .4&2A'=,$=2(" <*-." (;$=$(5492'"

<'=%$=,"('",.$1$2(6"'=".'&<($+'&'=,"%'"(;$='9,7492'"(*+*.452*=$('6"'9,"'="<('2='"'H<$=92*="

c)'1$B7$J,7-=26">kDj"�"m7$972"',"$(?6">kDfd?"/*="-,2(29$,2*="<$.$},"$-992"'AA2+$+'"',"9n.'":-'"

('9"$-,.'9"&*%'9"%;$=$(5492'"%-",.$1$2("c]'*=5"',"$(?6">kDD"�"/+7=$B'("',"$(?6">kD>d?"

G=" +$9" %;7*9<2,$(29$,2*=" '=" .4$=2&$,2*=" =4*=$,$('6" ('" =*-1'$-X=4" <.4&$,-.4" *-" @"

,'.&'"<'-,"I,.'"'H<*94"%;-='"<$.," @"%'9"<.*+4%-.'9"%*-(*-.'-9'9"*-" 9,.'99$=,'9" +*&&'"

<$."'H'&<('" ($"1'=,2($,2*=" 2=1$921'6" ($"<*9'"%'"+$,74,'."+'=,.$("*-"'=+*.'" ($"<*9'"%'"%.$2="

,7*.$+2:-'6" '," %;$-,.'" <$.," @" %'9" +*&<(2+$,2*=9" &4%2+*X+72.-.52+$('9" %*-(*-.'-9'9"

c'=,4.*+*(2,'" -(+4.*X=4+.*9$=,'6" +72.-.52'" %25'9,21'6" +72.-.52'" %'" A'.&',-.'" %-" +$=$("

$.,4.2'(ld?" ];4,-%'" A.$=\$29'" GMeMM!eQ" c?=%*.,%#2#"7( #3( F/#0.*8/-2( F-%$( %$( A.#$-'.&`" $"

.'+'=94" ('9" $+,'9" %*-(*-.'-H" %'9" =*-1'$-X=49" 7*9<2,$(2949" '=" .4$=2&$,2*=" =4*=$,$('" '="

.452*="<$.292'=='?")-.$=," ('9"DE"<.'&2'.9" N*-.9"%;7*9<2,$(29$,2*=6" +7$:-'"=*-1'$-X=4"4,$2,"

+*=A.*=,4" '="&*0'=='" @" Dk" <.*+4%-.'9" %*-(*-.'-9'9" <$." N*-." cO$.B$N$(" '," $(?6" >kkwd?" O'9"

4<29*%'9" %*-(*-.'-H" =4+'992,'=," (;41$(-$,2*=" %'" ($" %*-('-." %-" =*-1'$-X=4" ',"

(;$%&2=29,.$,2*="%;-='" 94%$,2*=" '," %;-='" $=$(5492'" $%$<,4'6" <$.A*29" $-" (*=5" +*-.9?" ];4,-%'"

&-(,2+'=,.2:-'" G-.*<$2=" $" <'.&29" (;41$(-$,2*=" %'9" <.$,2:-'9" +*=+'.=$=," ('9" &*0'=9"

%;$=$(5492'" '," %'" 94%$,2*=" <*-." >Ej" -=2,49" %'" =4*=$,*(*52'" %$=9" Dw" <$09" '-.*<4'=9"
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cO$.B$N$(" '," $(?6" >kDFd?"!-" +*-.9"%'" +',,'"4,-%'6" ffwk"=*-1'$-X=49"%'">E"@"E>" /!"*=," 4,4"

2=+(-9"'=,.'">kD>"',">kDj?"V.'=,'X:-$,.'"<*-."+'=,"%'9"<$,2'=,9"*=,".'\-"$-"&*2=9"-='"A*29"

-='"94%$,2*="*-"-='"$=$(5492'6"'99'=,2'(('&'=,"'="+$9"%'"1'=,2($,2*="&4+$=2:-'"cw>�d?"]'9"

&*.<72=2:-'9" ('9" <(-9" -,2(2949" '=" +$9" %'" 1'=,2($,2*=" ,.$+74$('" 9*=," ($" &*.<72='" cEj�d6" ('"

A'=,$=0(" c>z�d" '," ('" 9-A'=,$=2(" cDk�d?" ]'"&2%$T*($&"'9," (;$5'=," 94%$,2A" 70<=*,2:-'" ('" <(-9"

.4<$=%-"c>F�d6"%'1$=,"(;70%.$,'"%'"+7(*.$("cE�d"',"('"<74=*B$.B2,$("cj�d?"G=A2="($"J4,$&2='"

cf�d"',"('"<.*<*A*("cj�d"9*=,"45$('&'=,".45-(28.'&'=,"$%&2=29,.49"cU25-.'"jkd?"

!

/FGEAH!6>!I!/ABWEHLRH!HD!CKMH!MQ?MCFLFJDA?DFKL!MHJ!?GHLDJ!?LHJDSBJFWEHJ!HL!LBKL?DKPKGFH!HL!R?J!

MH!THLDFP?DFKL!DA?RSB?PH*!
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Abstract 

Background: Remifentanil, a synthetic opioid used for analgesia in cesarean section or in 

neonatal intensive care, exerts an anti-apoptotic activity on immature mice brain in ex vivo 

experiments. A model of neonatal brain injury by intracortical ibotenate injection was used to 

evaluate the impact of remifentanil in vivo. 

Methods: Postnatal day-2 (P2) mice received three intraperitoneal injections of remifentanil 

(500 ng/g over a 10-min period) or saline followed by an intracortical injection of ibotenate 

(10 µg). Cerebral reactive oxygen species (ROS) production, cell death, in situ labeling of 

cortical caspase activity, astrogliosis, and the lesion size were determined at various time 

points after ibotenate injection. Finally, behavioral tests were performed until P18. 

Results: In injured neonatal brain, remifentanil significantly decreased ROS production, 

cortical caspase activity, DNA fragmentation, and cortical GFAP levels. The size of the 

ibotenate-induced lesions was significantly reduced after remifentanil treatment. Performance 

of negative geotaxis (P6–8) and grasping reflex (P10–12) were improved in the remifentanil 

group. At P18, remifentanil-treated females spent more time in the open field center than 

control, suggesting less anxiety. 

Conclusions: In vivo, exposure to remifentanil exerts a neuroprotective effect on the 

developing mouse brain that is associated with a reduction of brain lesion size and prevention 

of some behavioral deficits. 
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Introduction 

Better protecting the developing brain of very preterm infants remains a daily challenge for all 

specialists in perinatal care. Despite improvement of neonatal mortality and morbidity,
1–3

 very 

preterm infants remain vulnerable and at risk of developing neurological impairments.
4–7

 

Hypotheses about the genesis of these deficits include a combination of environmental and/or 

genetic factors inducing or modulating brain lesions in preterm newborns.
8,9

 To limit the 

occurrence of such events, implementing strategies of neuroprotection during brain 

development is essential.
10–14

 Evaluating the benefit/risk balance for each potentially 

deleterious drug administered to the brain, such as anesthetics, is one of those strategies.
15–17

 

Fetuses and preterm newborns are exposed to general anesthesia during cesarean delivery or 

in neonatal intensive care when sedation and analgesia is recommended.
18–21

 The role of these 

agents remains extremely controversial. On the one hand, management of pain is essential for 

the premature newborn, as the lack of pain care could lead to neurological complications such 

as behavioral or cognitive disorders.
22–24

 On the other hand, anesthetics, including opioids, 

have been implicated as being potentially deleterious.
25,26

 In animal studies, opioid exposure 

is associated with alterations of neuronal proliferation and degeneration, as well as behavioral 

changes.
27–29

 In some human studies, morphine exposure is associated with early alterations in 

cerebral structure and with short-term neurobehavioral problems.
30–32

 

 Among opioids used in neonatology, remifentanil has attractive pharmacokinetic 

properties: it is a synthetic ultrashort-acting opioid, potent µ-opioid receptor agonist, 

metabolized by nonspecific plasma and tissue esterases, and, consequently, unaffected by 

renal or liver function.
33

 It is used for general anesthesia for cesarean delivery or analgesia for 

invasive procedures as tracheal intubation for the newborn.
34–36

 Remifentanil has been shown 

to activate the glutamatergic N-methyl-D-aspartate (NMDA) receptor through a µ-opioid 

receptor-initiated cascade.
37–40

 However, in the developing brain, activation of the NMDA 
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receptor can lead to excitotoxic or anti-apoptotic effects, depending on the cortical layers.
41

 

Using an ex vivo model of brain slices from postnatal day 2 mice (P2), we previously showed 

that remifentanil exerts an anti-apoptotic activity without necrotic effect, involving both 

opioids and NMDA receptors (NMDA-R), and the intrinsic mitochondrial-dependent 

apoptotic pathway.
42

 To clarify the effects of remifentanil on the immature injured brain, a 

well-defined rodent model of neonatal brain lesion by intracortical injection of the NMDA-R 

agonist ibotenate was used to evaluate the impact of remifentanil in vivo.
43,44

 This excitotoxic 

model can reproduce some aspects of perinatal brain lesions observed in human preterm 

neonates.
45–48

 In this study, we investigated the effects of remifentanil exposure in P2 mice in 

the context of excitotoxicity on (1) brain reactive oxygen species (ROS) production, cell 

death, astrogliosis, and size of ibotenate-induced lesion and (2) sensorimotor development and 

motor performance from the neonatal period. 
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Materials and Methods 

Animals 

NMRI (Naval Medical Research Institute) mice (Janvier, Le Genest Saint Isle, France) were 

housed under controlled conditions with a 12-h light/dark cycle at 21 ± 1°C with free access 

to food and tap water. Animal manipulations were performed in accordance with the 

European Communities Council Directives (86/609/EEC), the French National legislation 

(ethical approvals no. 01316.02 and 01680.02), and were under the supervision of authorized 

investigators (SJ, ML authorizations no. A76-34 and A76-13 from the Ministère de 

l’Agriculture et de la Pêche). Females were individually housed and inspected daily for 

pregnancy and delivery. The day of birth was considered as postnatal day 0 (P0). In all litters 

included, P2 male and female pups (2.26–2.35 g) were randomly assigned to each 

experimental group. 

 

Determination of the effective dose of remifentanil for inducing sedation in P2 pups 

The clinically used remifentanil formulation, Ultiva
®

 (containing 3.7 mM glycine per 50 µM 

remifentanil), was purchased from GlaxoSmithKline (Rueil-Malmaison, France) and diluted 

in NaCl 0.9%. P2 pups received three intraperitoneal (ip) injections of Ultiva (20 µl/g) over a 

10-min period or the same volume of NaCl. Three doses of Ultiva were used to evaluate the 

effective dose for inducing sedation, with each Ultiva injection containing 50, 250, or 500 ng 

of remifentanil. The sedation time was measured, using the righting reflex test performed after 

the last injection of remifentanil. Control mice were injected with NaCl. When a neonate is 

placed in the supine position, it immediately turns over in a righting reflex to restore its 

normal prone position. The pups were placed supine on a plane surface and their mean time to 

return to a normal prone position during two consecutive trials was recorded (cut-off: 60 sec). 

The righting reflex was assessed until 30 min after the last injection. Between tests, pups 
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stayed with their dams. The behavioral test to measure sedation time was carried out during 

the first part of the light phase (between 09:00 and 11:00 h). Nineteen to 22 P2 pups from 

seven litters were included in each experimental group. 

 

Determination of plasma remifentanil concentrations 

Only P2 pups ip injected with 3 × 500 ng/g of remifentanil were used. At 5 min after the last 

injection, trunk blood from five pups was collected, pooled in a heparinized tube, and 

immediately maintained on ice until remifentanil measurement. The quantification of 

remifentanil from 14 plasma pools was investigated by combining reverse-phase high-

performance liquid chromatography analysis with tandem mass spectrometry. See 

Supplemental Digital Content 1 for the methods used in this study. 

 

Quantification of physiological parameters 

Ventilation and heart rates 

The remifentanil (remi) and NaCl groups were compared to a third group of untreated pups. 

Pups were maintained in a cotton nest and filmed for 5 min. Two investigators unaware of the 

experimental group (CC and FT) counted the number of breaths within 30 sec. Three counts 

were performed by pup and 7–9 pups were used for each experimental group. 

 Heart rate was monitored for 5 min immediately after the last injection of remifentanil or 

NaCl, and nine pups were used per experimental group. Electrocardiogram recordings were 

taken using subcutaneous surgical steel needle electrodes (29-gauge, 12-mm length) taped to 

the pup’s foot pads. The signal was acquired at a 1000-µs rate by using PowerLab data 

acquisition system and biopotential amplifiers operated with LabChart 8.0 software (AD 

Instruments Ltd, Oxford, UK), and data were analyzed using the electrocardiogram module of 

LabChart Pro 8.0 software (AD Instruments Ltd). 
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Blood gas analysis 

Pups were decapitated immediately after the last injection, and trunk blood (mix of venous 

and arterial blood) from seven pups was collected and pooled in heparinized capillary tubes. 

Blood gas (pCO2, pO2) and pH were measured immediately from eight blood pools using a 

clinical blood gas analyzer (ABL800 Flex, Radiometer, Brea, CA, USA). 

 

Ibotenate administration: model of excitotoxic brain lesions 

Intracortical (ic) injection of ibotenate was performed at P2 pups immediately after the last ip 

injection of remifentanil (500 ng/g; Ibo/remi group) or NaCl (Ibo/NaCl group). In some 

experiments, a third group of unlesioned and untreated pups was added (unlesioned group). 

As previously described,
43,49,50

 injection was given under a warming lamp using a 26-gauge 

needle mounted on a Hamilton syringe microdispenser device. Details of the experiments are 

given in Supplemental Digital Content 1. Pilot injection tests were done with the 

CellTracker™ Red (Invitrogen, Cergy-Pontoise, France) to standardize the injection protocol. 

 

Measurement of ROS production by electron paramagnetic resonance spectroscopy 

The production of ROS was evaluated using electron paramagnetic resonance spectroscopy as 

described before.
51

 See Supplemental Digital Content 1 for the methods used in this study. 

 

In situ labeling and quantification of cortical caspase activity 

See Supplemental Digital Content 1 for the methods used in this study. 

 

Cleaved caspase-3 immunohistochemistry 

See Supplemental Digital Content 1 for the methods used in this study.  
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Fragmented DNA detection by enzyme-immunoassay 

See Supplemental Digital Content 1 for the methods used in this study.  

 

GFAP immunohistochemistry and western blot 

See Supplemental Digital Content 1 for the methods used in this study.  

 

Determination of lesion size 

Two investigators blinded to the treatment groups (CC and FT), determined the lesion size in 

each brain. See Supplemental Digital Content 1 for the methods used in this study.  

 

Behavioral assessments of neonate mice sensorimotor development 

The measures of sensorimotor development were assessed by negative geotaxis and 

suspension tests according to methods described by Altman and Sudarshan.
52

 See 

Supplemental Digital Content 1 for the methods used in this study. 

 

Juvenile mouse behavior in the open field test 

See Supplemental Digital Content 1 for the methods used in this study. 

 

Statistical analysis 

Statistical analyses were performed using PRISM (Graphpad, San Diego, CA, USA). The data 

were plotted as mean ±SEM. Differences between groups were assessed by Mann–Whitney 

U-test or Kruskal–Wallis test followed by Dunn’s multiple comparison test. Occurrence rates 

of cyst lesions and survival rates between experimental groups were performed using Fisher’s 

exact test. For behavioral experiments, the statistical analysis was performed using two-way 
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ANOVA followed by Bonferroni’s post-test. Tests used for each experiment, the number of 

independent experiments, and p values are summarized in Supplemental Digital Content 2. A 

target sample size of 56 pups, equally distributed (n=28 in each group), was calculated to 

detect a 30% reduction of the size of ibotenate-induced lesion, with a type I error (two-sided) 

of 5% and a power of at least 90 %. The other sample sizes were estimated based on previous 

experiments.
42,51,52

 A p value < 0.05 was considered statistically significant. 
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Results 

Remifentanil anesthesia, pharmacokinetics, and physiological responses  

Neonatal exposure to remifentanil affected the righting reflex latency (Figure 1A). Following 

remifentanil administration at doses 250 and 500 ng/g, the pups spent significantly more time 

on their back as compared to the control pups (p < 0.0001) and the pups administered with the 

50 ng/g dose of remifentanil (p < 0.0001). As compared to the control group, the pups 

injected with the lower dose of remifentanil (50 ng/g) exhibited only low sleepiness, with no 

significant increase of latency time to restore a normal prone position. From 10-min post-

injection, pups injected with 500 ng/g spent significantly more time to turn over as compared 

to pups injected with 250 ng/g remifentanil (p < 0.01 and p < 0.05 at 10 and 15 min, 

respectively), indicating a dose-dependent effect of remifentanil on sedation. At 30 min after 

remifentanil injection (250 or 500 ng/g), pups showed righting reflex latency time equivalent 

to NaCl-treated mice, indicating that animals recovered rapidly from anesthesia (Figure 1A). 

There was no mortality during and after anesthesia. Considering these results, the highest 

tested dose of remifentanil (500 ng/g) was used in the following steps of the study. At 5 min 

after the last injection (500 ng/g), the plasmatic concentration of remifentanil measured by 

combining high-performance liquid chromatography analysis with tandem mass spectrometry 

was 10.03 ± 0.35 nmol/L (n = 14). 

 Remifentanil exposure led to a significant decrease of respiratory frequency as compared 

to untreated and NaCl-treated pups (Figure 1B, p < 0.01 and p < 0.05 respectively). Blood 

gases measured following remifentanil administration revealed respiratory acidosis (Figures 

1C, D, p < 0.01). Conversely, pO2 values were not significantly different between 

remifentanil and NaCl-treated pups (Figure 1E). Without anesthesia, heart rate values were in 

an acceptable range (485.9 ± 36.1 bpm).
53

 Remifentanil significantly reduced heart rate 

compared to NaCl (p < 0.05; Figure 1F). 
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Remifentanil protects the neonatal brain against ibotenate-induced damage 

Cleaved caspase-3 immunohistochemistry and CellTracker probe were used to visualize the 

injection site of ibotenate (Figures 2A–C). At 10 min after lesion induction (M10), an 

excessive production of ROS was detected in brains from the Ibo/NaCl group as compared to 

the unlesioned group (p < 0.01). The production of ROS was more pronounced 5 h after 

lesion (H5; p < 0.01). Conversely, in the Ibo/remi group, a weak increase of ROS was 

measured at M10 (p < 0.05) and at H5 post-lesion, and ROS production was not significantly 

different from that of the unlesioned group (p = 0.0513; Figure 2D). 

 At H5, ic ibotenate injection induced a large increase of caspase activity around the lesion 

site (Figures 2E, G). Remifentanil administration significantly reduced cortical caspase 

activity induced by ibotenate (p < 0.05; Figures 2F, G). 

 Cleaved caspase-3 immunohistochemistry performed at P3 showed that ic ibotenate 

injection induced a widespread apoptotic signal in the ipsilateral hemisphere (Figures 2H1, 2). 

The immunolabeling was particularly dense in the cortex around the injection site and in the 

striatum. Conversely, the apoptotic immunolabeling observed in the ibotenate-treated 

hemisphere of the remifentanil group appeared weaker (Figures 2I1, 2). 

 Nucleosomal DNA fragmentation and histone release is a characteristic of the apoptotic 

process. Quantitative analysis on P3 of DNA fragmentation showed that ic ibotenate injection 

potently increased cell death in the ipsilateral hemisphere as compared to the unlesioned 

group (p < 0.0001; Figure 2J). Remifentanil administration significantly decreased ibotenate-

induced DNA fragmentation in the injected hemisphere (p < 0.05; Figure 2J). 

 One day after ic ibotenate injection, a decrease of cortical thickness was observed and a 

destructive cyst of white matter was already present (Figure 3A1). GFAP immunodetection 

was used to examine the astroglial reactivity. In the ipsilateral hemisphere to the lesion of an 
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Ibo/NaCl pup, GFAP positive astrocytes were found in the cortex, striatum, and thalamus, 

with the higher signal being observed in the interior zone bordering the lateral ventricle 

(Figures 3A1, 2). In the ipsilateral hemisphere of Ibo/remi pups, the immunolabeling appeared 

much weaker than in Ibo/NaCl pups (Figures 3B1, 2). Evaluation of the immunolabeled area 

in the interior zone bordering the lateral ventricle revealed a drastic decrease of astroglial 

reactivity in the Ibo/remi group (Figure 3C, p < 0.05). Western blot analysis showed a 

significant decrease in GFAP cortical levels after remifentanil treatment (Figure 3D, p < 

0.05). 

 Mouse pups injected at P2 with ic ibotenate and ip NaCl developed cortical lesion 

shrinkage of the white matter together with the formation of cysts at P7 (Figure 3E). 

Remifentanil exposure produced a reduction of the ibotenate-induced cortical lesion size (up 

to 67%, p < 0.001; Figure 3F), in both males and females (p < 0.01 and p < 0.05, 

respectively). Similarly, in the Ibo/remi group, the occurrence of cystic lesions in white matter 

was lower than in the Ibo/NaCl group (51% vs. 62%; data not shown), although this decrease 

was not statistically significant, based on Fisher’s exact test (p = 0.4553). 

 Survival rate at 5 h post-injection with ibotenate was higher in the Ibo/remi group as 

compared to the Ibo/NaCl group (Table 1, p < 0.01). The survival rate in males at 5 h post-

injection was significantly higher in the Ibo/remi group as compared to the Ibo/NaCl group (p 

< 0.01), whereas no difference was observed in females. At 5 days post-lesion, although the 

survival rate was higher in the Ibo/remi group than in the Ibo/NaCl group, especially in males, 

no significant difference was observed in a test of contingency (Fisher’s exact test). 
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Effect of remifentanil treatment on sensorimotor development of P2 lesioned and 

unlesioned pups 

From P2 to P12, body weight showed a significant increase in the male Ibo/remi pups as 

compared to the Ibo/NaCl pups (p = 0.0001). The body weight gain of female pups until P12 

was not significantly different between these groups (p = 0.1414; Supplemental Digital 

Content 3, Supplementary Figures 1A, B). To determine if the neuroprotective effects of 

remifentanil positively affect sensorimotor development, negative geotaxis (P6–8) and 

grasping reflex (P10–12) tests were used. Two-way ANOVA revealed that male and female 

pups lesioned and exposed to remifentanil more rapidly rotated at 180° than NaCl-treated 

pups (p < 0.001) and showed performance close to that of the unlesioned pups (Figures 4A, 

B). The analysis for the grasping reflex/grip strength showed a higher latency before falling 

for male remifentanil-treated pups (Figure 4C, p < 0.001), which exhibited a similar 

performance to that of unlesioned pups. Until P11, the unlesioned females showed poor 

performances in grasping reflex (Figure 4D). At P12, the latency times before falling of 

unlesioned females were close to those of unlesioned males (Figures 4C, D). At this age, 

females lesioned and treated with remifentanil exhibited higher latency times than NaCl-

treated females, although the remifentanil effect did not reach statistical significance (Figure 

4D). 

 The impact of remifentanil treatment was also investigated in unlesioned male and female 

pups. A two-way ANOVA did not reveal a significant difference in body weights between the 

experimental groups from P2 and P12 (Supplemental Digital Content 3, Supplementary 

Figures 1C, D). The measurements of performances in negative geotaxis (P6–8; Figures 5A, 

B) and suspension (P10–12; Figure 5C, D) tests did not show any difference between the 

remifentanil and NaCl groups. 
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Impact of neonatal remifentanil exposure on the locomotor activity in young mice 

To determine whether neonatal remifentanil exposure in a lesional context leads to a lasting 

effect, an open field test was conducted to assess locomotor activity before weaning (P18). At 

P18, body weight of mice did not differ between the Ibo/remi and Ibo/NaCl groups, in both 

males and in females. In males, no significant difference was found between the Ibo/remi and 

Ibo/NaCl groups concerning the distance covered during 30 min in the entire compartment 

(Figure 6A) or the time spent in the center during the first 5 min after the habituation period 

(Figure 6B). Although lesioned females injected with remifentanil at P2 covered a distance 

similar to that of NaCl-injected females in the entire compartment (Figure 6C), they spent 

significantly more time in the open field center than controls (p < 0.001; Figure 6D). These 

data suggest that lesioned females exposed to remifentanil in the neonatal period were less 

anxious than NaCl-treated mice. In unlesioned mice, the distance covered in the entire open 

field during 30 min (Figures 7A, C) and the time spent in the center zone (Figures 7B, D) did 

not differ between remifentanil- and NaCl-treated animals, regardless of sex. 
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Discussion 

The present study provides the first experimental support for a neuroprotective effect of 

remifentanil against excitotoxic perinatal brain lesions. In our mouse model, remifentanil 

treatment decreased ROS production, cell death, and astrogliosis induced by ic ibotenate 

injection at P2, leading to a reduction of brain lesion sizes in male and female pups. In 

addition, remifentanil positively affected sensorimotor development of the lesioned pups. In 

the longer term, juvenile lesioned females exposed to remifentanil are less anxious. 

 From a clinical point of view, the dose of 500 ng/g remifentanil administered to mouse 

neonates seems high for neonates (in humans, it ranges from 1 to 5 µg/kg for bolus 

intravenous administration).
34,54–57

. This dose appears to give the most relevant clinical effect, 

evaluated by the loss of righting reflex. Drug metabolism and pharmacokinetics are different 

between humans and mice, and discrepancies between effective doses are commonly 

observed. For example, ketamine and midazolam doses required to induce anesthesia in mice 

neonates are 10 to 30 times the anesthesia-inducing doses for human infants.
58,59

 Moreover, 

the pups’ plasmatic level of remifentanil was 10 nmol/L, similar from human remifentanil 

concentrations (from 10 to 100 nmol/L).
60,61

 

 Bradypnea, apnoea, bradycardia, and hypotension are common clinical side effects 

observed with remifentanil.
62

 One consequence of bradypnea is respiratory acidosis with 

hypoxemia and hypercapnia. In our study, there was no significant hypoxemia, but a trend 

was observed. Hypoxemia is associated with poorer neurological outcome and death in very 

preterm infants.
63–65

 The significant hypercapnia observed in the remifentanil group could 

have a proper effect on brain lesions. In preterm neonates, the absence of capnia control is 

controversial
63,66

 and is implicated in the occurrence of neurological disorders.
67–69

 In 

immature rodent brain, hypercapnia causes cell damage and microvascular degeneration by 

inducing nitrative stress.
70,71

 Mild hypercapnia (55 mmHg) and normocapnia (38 mmHg) 
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were associated with less brain damage than hypocapnia (26 mmHg) in immature rats.
72

 

Although the pCO2 value in remifentanil-treated group is statistically higher than in the NaCl-

treated group (45 mmHg vs. 35 mmHg, respectively), it ranges between normal and mild 

hypercapnia. So, the impact of mild hypercapnia in remifentanil group appears negligible on 

our model. It was not possible to evaluate blood pressure on pups. Hemodynamic effect of 

remifentanil was only evaluated by the heart rate. In human, bradycardia is associated with 

hypotension.
62

 As remifentanil-treated pups have a decreased heart rate, it is reasonable to 

assume that it was associated with hypotension. In very preterm infants, mild isolated 

hypotension does not seem to affect neurological development.
73–77

 Remifentanil respiratory 

and hemodynamics side effects should have at worst a deleterious impact on brain injury 

induced by ic ibotenate. 

 In immature mice, the ibotenate-induced cerebral lesions mimic some aspects of the 

developmental lesions observed in human preterm neonates.
43,44

 Following ibotenate 

injection, the brain of the newborn undergoes a series of cellular and molecular impairments, 

ranging from inflammatory changes such as microglial activation, reactive gliosis, and ROS 

and cytokine production within a few hours of the insult to neuronal loss within a few days.
78–

80
 Ibotenate administered at P2 in mice induced cortical neuronal death and produced 

periventricular white matter cystic lesions.
43,44

 Excitotoxic neuronal cell death in the neonate 

rodent was previously described to involve apoptotic and necrotic mechanisms.
81

 In this 

context, our data showed that, within the first hours post-lesion, remifentanil treatment 

decreased the ROS production and caspase-3 activity in the lesioned hemisphere. At 1 day 

post-lesion, a decrease of caspase-3 immunoreactive signal and apoptotic cell death was 

observed in brain from a remifentanil-treated pup, leading to a significant reduction of the 

lesion size observed at P7. Altogether, our data support a protective effect of remifentanil 

against neonatal excitotoxic brain injury, probably involving an anti-apoptotic action.
42

 Our 
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data are consistent with recent studies showing a neuroprotective effect of remifentanil 

against transient focal brain ischemia in adult rodents.
82,83

 

 The mechanisms underlying the neuroprotective action of remifentanil have been poorly 

investigated. Inflammation is increasingly recognized as being a critical contributor to injury 

outcome in the immature brain.
84

 During an excitotoxic challenge, leucocyte infiltration, 

microglial activation, and reactive astrogliosis participate in brain inflammation, triggering 

release of many neurotoxic compounds such as free radicals and cytokines.
43,80,85

 We found 

that remifentanil alleviates brain ROS production and astrogliosis induced by ibotenate 

injection, suggesting that the opioid could modulate the neuroinflammation. In adult rat, 

remifentanil preconditioning has been shown to alleviate brain damage of cerebral ischemia 

reperfusion and to reduce expression of TNF-α and ROS production as well release of 

cytochrome C and caspases-3 and -9 activities.
86,87

 Furthermore, in vitro data have 

demonstrated that remifentanil inhibits neutrophils migration
88

 and cytokine production by 

human activated neutrophils.
89

 All these data support an anti-inflammatory effect of 

remifentanil in neonatal brain lesions. 

 We also investigated whether a functional neuroprotective effect of remifentanil could be 

found in developing mice. In lesional conditions, remifentanil injection at P2 counterbalanced 

the behavioral deficits observed in the negative geotaxis test in males and females and in the 

grip test, especially in males. The tests used evaluate the motor activity and sensory 

development.
52

 In rodents, delayed sensorimotor reflexes during development may result from 

hypomyelination of the subcortical white matter.
90

 In addition, 5 days after the injection of 

ibotenate, the size of the lesion was significantly decreased in the remifentanil-treated mice. 

Taken together, these data suggest that remifentanil, by protecting the cortical structure and 

the white matter, preserved motor and proprioceptive integrative centers. Similarly, results 

obtained with the geotaxis tests support that the functional link between the sensorimotor 
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cortex and the thalamic nuclei that integrate the vestibular system information is preserved, 

thus allowing the perception of rotation and vertical orientation. In the grip test, the effect of 

the lesion is only detectable at P12 in females, but does not reach significance. This result can 

be explained by muscle development of the upper limbs in females being less important than 

in males. Gripping performance in females is therefore poorer than in males, and this is 

particularly noticeable at P10 and P11. Consequently, a protective effect of remifentanil could 

be more difficult to reveal in the female group, whereas it was significant in males. The open 

field test performed at P18 did not reveal motor deficit in the injured mice of both sexes, 

whether treated or not with remifentanil. These results are consistent with the very strong 

cerebral plasticity described in rodents, particularly during the synaptogenesis period 

occurring within the first three postnatal weeks.
91

 Such plasticity was shown to result in a 

marked compensation of motor impairments induced by the lesion.
92

 However, because in the 

open field mice are placed in a new environment, this test is also indicative of anxiety that can 

be evaluated by the time spent in the center of the device in the first minutes. Our results 

showed that females injured and treated with remifentanil spent more time in the central area 

than injured animals that received NaCl, suggesting a less anxious state of remifentanil-

treated animals. Interestingly, this effect was also observed in males but only during the first 2 

min. The involvement of opiate receptors in the regulation of emotional states, including 

anxiety, has been previously shown.
93

 

 The present study provides the first evidence that the anti-apoptotic effects of 

remifentanil on the developing mouse brain which were previously shown ex vivo are also 

found in vivo in a neonatal model of excitotoxic lesions. This neuroprotective effect of 

remifentanil is associated with a reduction of brain lesion size and prevention of several 

behavioral deficits occurring during the first 18 days of life. Further experiments are being 

planned to better understand the mechanisms involved in this neuroprotective effect. 
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Figure legends 

 

Fig 1: Effect of remifentanil exposure on postural righting reflex latency time and 

physiological parameters in P2 neonates. (A) Time differences needed to turn over and 

return to prone position between remifentanil-treated and control P2 mice. Pups received three 

injections of remifentanil (50, 250, or 500 ng/g) or NaCl 0.9% and each test was performed 

for 5 min. ***p<0.001, ****p < 0.0001 vs. NaCl, ●● p < 0.01, ●●●● p < 0.0001 vs. 

remifentanil (50 ng/g), #p < 0.05, ##p < 0.01 vs. remifentanil (250 ng/g) (two-way ANOVA, 

Bonferroni post-test). (B) Respiratory frequency evaluated during a 1-min period in untreated, 

remifentanil- (3 × 500 ng/g), and NaCl-treated P2 mice. **p < 0.01 vs. untreated, *p < 0.05 vs 

NaCl (Kruskal–Wallis test). (C–E) Blood gas analyses (pH, pO2, and pCO2) performed in 

remifentanil- (3 × 500 ng/g) and NaCl-treated P2 mice. **p < 0.01 (Mann–Whitney test). (F) 

Effect of remifentanil anesthesia on heart rate in P2 pups. Representative electrocardiogram 

tracing from P2 mice injected with remifentanil (3 × 500 ng/g) or saline (left panel). 

Quantification of heart beats recorded during 1 min in remifentanil and control groups (right 

panel) *p < 0.05 (Mann Whitney test). All values are expressed as mean ± SEM. Number of 

animals is indicated in parentheses. 

 

Fig. 2: Effect of remifentanil exposure on ibotenate-induced ROS production and cell 

death in neonate mice brain. (A–C) Photomicrograhs illustrating the intracortical site 

injection at P2. (A) Visualization of cleaved caspase-3 immunoreactivity in P2 brain 5 h after 

intracortical injection of saline. Arrow indicates the injection site in P2 cortex. (B) 

CellTracker Red (CT-red) was used to retrieve the depth of injection site. Note the cavity 

induced by the injection (*). (C) Overlay of A and B. Scale bar 400 µm. (D) The ROS 

production was assessed at 10 min and 5 h post-lesion by electron paramagnetic resonance 
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spectroscopy in brain ipsilateral hemisphere of Ibo/NaCl and Ibo/remi groups and compared 

to ROS production in unlesioned group. ## p < 0.01, # p < 0.05 vs. unlesioned group (Mann–

Whitney test). (E–G) Effect of remifentanil exposure (3 × 500 ng/g) on in situ caspase 

activity in P2 cortex 5 h after ic ibotenate injection. Visualization of FITC-VAD-FMK signal 

in cortex of (E) NaCl- or (F) remifentanil-treated P2 pups and injected with ic ibotenate. Note 

a stronger FITC-VAD-FMK signal around the site of injection in the cortex of Ibo/NaCl pup 

(E) as compared to Ibo/remifentanil pup (F). Scale bar 200 µm. (G) Remifentanil exposure 

significantly decreased in situ caspase activity (FITC-VAD-FMK signal) in ibotenate-injected 

pups (Ibo/remi). *p < 0.05 vs. Ibo/NaCl group (Mann–Whitney test). (H, I) Cleaved-caspase-

3 immunoreactivity visualized on P3 in two frontal successive brain sections from (H1-2) 

NaCl- or (I1-2) remifentanil-treated pups and injected with ic ibotenate. Note that the 

apoptotic signal in the injected side of the brain was weaker in the remifentanil-treated pup. 

Scale bar 100 µm. (J) Quantitative analysis on P3 of DNA fragmentation in brain extracts 

from NaCl- or remifentanil-treated pups injected with ic ibotenate on P2 as compared to 

unlesioned P3 pups. ## p < 0.01, #### p < 0.0001 vs. unlesioned group (Kruskal–Wallis test), 

* p < 0.05 vs. Ibo/NaCl group (Mann–Whitney test). Values are expressed as mean ± SEM. 

Number of animals is indicated in parentheses. 

 

Fig. 3: Effect of remifentanil exposure on reactive astrogliosis and lesion size induced by 

ibotenate injection. (A, B) GFAP immunolabeling performed at P3 in frontal brain sections 

from (A1-2) NaCl- or (B1-2) remifentanil-treated pups and injected with ic ibotenate at P2. In 

the ipsilateral hemisphere of a NaCl-treated pup (Ibo/NaCl), significant red GFAP 

immunostaining was visualized in the cortex (cx), thalamus (Th), striatum (Str), and areas 

bordering the lateral ventricle (LV) (A1-2). In brain from a remifentanil-treated pup 

(Ibo/remi), the GFAP signal appeared weaker (B1-2). White arrows mark sites of ibotenate 
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injection performed at P2. Asterisks indicate white matter cysts. In Ibo/NaCl slice, blood 

autofluorescence occurred in cyst. Arrowheads indicate GFAP immunolabeling observed 

under the lateral ventricle. Scale bars: 500 µm (A1, B1) and 50 µm (A2, B2). (C) Quantitative 

analysis of GFAP immunostaining detected in interior area bordering the lateral ventricle 

(illustrated in A2 and B2 by arrowheads). * p < 0.05 vs. Ibo/NaCl group (Mann–Whitney 

test). (D) Quantification by western blot of GFAP protein expression in cortical extracts from 

P3 Ibo/NaCl and Ibo/remi pups. Representative immunoblots from cortical extracts are 

shown. Densitometric measurements were normalized for β-actin. Values are expressed as 

mean ± SEM. * p < 0.05 vs. Ibo/NaCl group (Mann–Whitney test). (E) Cresyl violet-stained 

section showing brain lesion induced by ibotenate injected at P2 and studied at age P7. Arrow 

points to the neuronal loss in cortical layers II–VI and star indicates the white matter lesion 

(cyst). LV, lateral ventricle. Scale bar 1 mm. (F) Effect of remifentanil exposure on lesion 

size induced by ic ibotenate at P2 and studied at P7. The neuroprotective effect of 

remifentanil against neonatal excitotoxic damage is significant in both male and female pups. 

*p < 0.05, **p < 0.01, *** p < 0.001 vs. Ibo/NaCl group (Mann–Whitney test). Values 

represent the mean ± SEM. Number of animals is indicated in parentheses. 

 

Fig. 4: Effect of remifentanil exposure on sensorimotor performances of mice neonates 

injected with ibotenate at P2. (A, B) Quantification of negative geotaxis reflex in male (A) 

and female (B) neonates. Time necessary to rotate 180° was measured at P6 to P8 in 

unlesioned pups and ibotenate-injected pups exposed or not to remifentanil at P2. (C, D) 

Quantification of the grasping reflex in male (C) and female (D) neonates. Time latency 

before failing on the wire suspension test was measured at P10 to P12. Values are expressed 

as mean ± SEM. *p < 0.05, **p < 0.01 Ibo/remi vs. Ibo/NaCl, #p < 0.05, ##p < 0.01, ###p < 
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0.001 Ibo/NaCl vs. untreated (two-way ANOVA test, Bonferroni post-test). Values represent 

the mean length of the lesions ± SEM. Number of animals is indicated in parentheses. 

 

Fig. 5: Effect of remifentanil exposure at P2 on sensorimotor performances of 

unlesioned mice neonates. (A, B) Quantification of negative geotaxis reflex in male (A) and 

female (B) neonates. Time necessary to rotate 180° was measured at P6 to P8 in untreated 

pups and pups exposed or not to remifentanil at P2. (C, D) Quantification of the grasping 

reflex in male (C) and female (D) neonates. Time latency before failing on the wire 

suspension test was measured at P10 to P12. No differences were found (two-way ANOVA). 

Values are expressed as mean ± SEM. Number of animals is indicated in parentheses. 

 

Fig. 6: Effect of remifentanil exposure in neonatal period on spontaneous motor activity 

of P18 juvenile mice lesioned with ibotenate at P2. (A, B) Quantification over 30 min of the 

total distance covered in the entire compartment (A, C) and the time spent in the center zone 

by (B, D) males (A, B) and females (C, D). Animals were ic injected with ibotenate and 

exposed or not to remifentanil at P2 and studied at P18. Displacements were measured for 

three consecutive periods of 10 min. The time spent in the center was measured for the first 

five consecutive periods of 1 min. Comparison of experimental groups was performed using a 

two-way ANOVA analysis. Values are expressed as mean ± SEM. Number of animals is 

indicated in parentheses. 

 

Fig.7: Effect of remifentanil exposure in neonatal period on spontaneous motor activity 

of P18 juvenile unlesioned mice. (A, B) Quantification over 30 min of the total distance 

covered in the entire compartment (A, C) and the time spent in the center zone by (B, D) 

males (A, B) and females (C, D). Animals were injected with remifentanil or NaCl at P2 and 
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studied at P18. Displacements were measured for three consecutive periods of 10 min. The 

time spent in the center was measured for the first five consecutive periods of 1 min. No 

differences were found (two-way ANOVA). Number of animals is indicated in parentheses. 

 

Supplemental Digital Content 3, Fig. 1: Weight intake in male and female pups from P2 

to P12. (A, B) Weight intake in male (A) and female (B) pups lesioned with ibotenate at P2 

and injected with ip NaCl (Ibo/NaCl) or remifentanil (Ibo/remi). (C, D) Weight intake in 

unlesioned male (C) and female (D) pups injected at P2 with NaCl or remifentanil. 

Comparison of experimental groups was performed using a two-way ANOVA. Values are 

expressed as mean ± SEM. Number of animals is indicated in parentheses. 
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Materials and Methods 

Determination of plasma remifentanil concentrations 

Only P2 pups ip injected with 3 × 500 ng/g of remifentanil were used. At 5 min after the last 

injection, trunk blood from five pups was collected, pooled in a heparinized tube, and 

immediately maintained on ice until remifentanil measurement. The quantification of 

remifentanil from 14 plasma pools was investigated by combining reverse-phase high-

performance liquid chromatography analysis with tandem mass spectrometry. After 

precipitation of plasma in methanol, samples were centrifuged (14 000 rpm, 5 min) and 

supernatants were analyzed on a 0.21 × 50 mm Alltima HP C18 HL, 3 µm (Grace, Epernon, 

France) at a constant flow rate (200 µl/min). The mobile phase consisted of a gradient 

established over 5 min with 0.2% formic acid and 2 mM ammonium formate in acetonitrile. 

The concentration of remifentanil was determined using a calibration curve. 

 

Ibotenate administration: model of excitotoxic brain lesions 

Ibotenic acid was purchased from Tocris Bioscience (Bristol, UK) and diluted in 0.1 M 

phosphate buffered saline (PBS) containing 0.02% acetic acid. Intracortical (ic) injection of 

ibotenate was performed on P2 pups immediately after the last ip injection of remifentanil 

(500 ng/g) (Ibo/remi group) or NaCl (Ibo/NaCl group). In some experiments, a third group of 

unlesioned and untreated pups was added (unlesioned group). As previously described,
1–3

 

injection was given under a warming lamp using a 26-gauge needle mounted on a Hamilton 

syringe microdispenser device. The needle was inserted 2 mm under the external surface of 

scalp skin in the frontoparietal area of the right hemisphere, 2 mm from the middle in the 

lateral-medial plane, and 2 mm anterior from the sagittal suture in the rostro-caudal plane. 
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Two 1-µl boluses each containing 5 µg of ibotenate were injected 30 sec apart. After the 

procedure, the pups were returned to their dams. Pilot injection tests were done with 

CellTracker™ Red (Invitrogen, Cergy-Pontoise, France) to standardize the injection protocol. 

 

Measurement of ROS production by electron paramagnetic resonance spectroscopy 

The production of ROS was evaluated using electron paramagnetic resonance spectroscopy as 

described by Kohlhauer et al.
4
 P2 pups were sacrificed at 10 min and 5 h post-lesion. At the 

same time, unlesioned P2 pups from the same litters were used. Five to seven pups from three 

litters were included in each group. Brains from Ibo/NaCl and Ibo/remi groups were rapidly 

dissected and a frontal section bracketing the ibotenate injection site was dissected. An 

equivalent section was dissected from brain of unlesioned pups. Tissues were frozen in liquid 

nitrogen and kept at –80°C until analysis. Tissues were homogenized (Polytron, Montreal, 

Canada) in Krebs/HEPES buffer (pH 7.4) and incubated at 37°C for 60 min in the same buffer 

containing chelators deferoxamine (25 mM) and diethyldithiocarbamate (5 mM), and spin 

probe CMH (1-hydroxy-3-methocarbonyl-2,2,5,5-tetramethyl pyrrolidine hydrochloride; 500 

mM; Noxygen, Hamburg, Germany). Then, samples were introduced into an insulin syringe, 

frozen in liquid nitrogen, and kept at –80°C until electron paramagnetic resonance 

measurement. Spectra of the oxidized product of CMH (CM°) were recorded at 77 K in a 

liquid nitrogen-cooled Dewar, using an MS400 spectrometer (Magnettech, Berlin, Germany) 

with the following acquisition parameters: microwave power 20 mW; microwave frequency 

9.5 GHz; modulation amplitude 5 G; modulation frequency 100 kHz; gain 500; team sweep 

time 60 sec; one scan. Intensity of the spectra was expressed in arbitrary units (AU) per 

milligram of protein. 
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In situ labeling and quantification of cortical caspase activity 

For in situ labeling, caspase activity was visualized using the CaspACE FITC-VAD-FMK in 

situ marker from Promega (Charbonnières les Bains, France). This fluorescent caspase 

inhibitor enters cells and is cleaved by activated caspases releasing the fluorescent FITC 

group. P2 pups from Ibo/NaCl and Ibo/remi groups were sacrificed at 5 h post-lesion. Six 

pups from three litters were included in each group. Brains were rapidly dissected to isolate 

the cerebral hemisphere. Meninges covering the brain were carefully removed and the brain 

was immediately placed into ice-cold artificial cerebrospinal fluid (aCSF) containing (in 

mM): NaCl, 125; KCl, 3; CaCl2, 2; NaH2PO4, 1.2; NaHCO3, 26; D-glucose 10; pH 7.4. 

Frontal sections (250 µm) were cut at 4°C by using a vibratome VT1000S (Leica, France). 

For each pup, two slices immediately adjacent to the site of ic injection were collected and 

incubated with 10 µM CaspACE FITC-VAD-FMK for 20 min at 37°C in a humidified 

incubator under controlled atmosphere of 5% CO2/95% air. Then, slices were washed three 

times with warm aCSF and fixed overnight in 4% PFA in PBS. Labeling was visualized with 

a Leica DMI 6000B microscope. Green signal visualized at the excitation and emission 

wavelengths 485 and 520 nm, respectively, was acquired and saved in TIFF format using the 

Metamorph image analysis station (Roper Scientific, Lisses, France). A region of interest 

(ROI) around the site of injection was defined and the proportion of labeled area was 

determined by image segmentation with the Metamorph analysis software.  

 

Cleaved caspase-3 immunohistochemistry 

P2 pups from Ibo/NaCl and Ibo/remi groups were sacrificed at 24 h post-lesion. For each P3 

pup, two frontal slices (250 µm) immediately adjacent to the site of ic injection were cut as 

previously described. Brain slices were fixed with 4% PFA, incubated overnight at 4°C with 

rabbit antibodies directed against cleaved caspase-3 (#9661, Cell Signaling Technology, 
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Boston, MA, USA), and diluted (1:200) in PBS containing 1% bovine serum albumin and 

0.1% Triton X-100. Sections were then rinsed twice with PBS for 20 min and incubated with 

the same incubation buffer containing an Alexa Fluor® 488 donkey anti-rabbit IgG 

(Invitrogen). The specificity of the immunoreaction was controlled by substituting the 

primary antibodies by PBS.  

 

Fragmented DNA detection by enzyme-linked immunosorbent assay 

The presence of fragmented DNA after cell death was assessed by measuring the cytoplasmic 

histone-associated DNA using a specific two-sided enzyme-linked immunosorbent assay 

(ELISA) with an anti-histone primary antibody and a secondary anti-DNA antibody according 

to the manufacturer’s instructions (Cell Death Detection ELISA
PLUS

, Roche Diagnostics, 

Mannheim, Germany). P2 pups from Ibo/NaCl and Ibo/remi groups were sacrificed at 24 h 

post-lesion. At P3, brains from Ibo/NaCl, Ibo/remi, or unlesioned pups from the same litters 

were rapidly dissected. Sixteen pups from four litters were included in each group. From each 

right hemisphere, a frontal section (2-mm thickness) from either side of ibotenate injection 

site was dissected for cell death detection ELISA assay. An equivalent section was dissected 

from brain of unlesioned pups. Brain tissue was homogenized in 1 ml of lysis buffer and 

incubated for 30 min at room temperature. After centrifugation to remove nuclei and cellular 

debris, the cytoplasmic fractions were diluted 1:2 (vol:vol) with lysis buffer. Then, 20 µl from 

each sample were transferred to a 96-well plate precoated with anti-histone antibody to which 

80 µl immunoreagent mix were added. After incubation and washes, the wells were treated 

with the chromogen 2,2’-azinobis (3-ethylbinzothiazoline) sulfonic acid as a substrate. The 

color intensity was read at 405 nm, while that at 490 nm was used as a blank. The optical 

density of each sample was normalized by each sample’s protein concentration.  
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GFAP immunohistochemistry and western blot 

For immunohistochemistry, five pups from Ibo/NaCl and Ibo/remi groups were sacrificed 24 

h later. Brains were immediately fixed in 4% formalin for 7 days and embedded in paraffin. 

Glial fibrillary acidic protein (GFAP, a marker of astrocytes) immunostaining was performed 

on 7-µm-thick slices using successively a goat anti-GFAP (sc-6170, Santa Cruz 

Biotechnology, Dallas, TX, USA; dilution 1:200) and an Alexa Fluor 594 donkey anti-goat 

IgG (A-11058, Invitrogen; dilution 1:400). The specificity of the immunoreaction was 

controlled by substituting the primary antibody by PBS.  

 Red signal was acquired and saved in TIFF format using the Metamorph image analysis 

station. For each animal, ROI in the interior zone bordering the lateral ventricle of ibotenate-

injected hemisphere was defined and the proportion of labeled area was determined by image 

segmentation with the Metamorph analysis software. 

 For western blot analysis, 13 pups from Ibo/NaCl and Ibo/remi groups and from four 

litters were sacrificed 24 h later. Cortex from the ibotenate-injected hemisphere was rapidly 

dissected and total proteins were extracted using 250 µl lysis buffer containing 1% 

phosphatase inhibitor and 1% protease inhibitor. After centrifugation of the homogenates 

(15000 ×g, 4°C, 15 min), the supernatants were used for western blot. Protein extracts (75 µg) 

were suspended in Laemmli buffer (100 mM Hepes, pH 6.8, 10% β-mercaptoethanol, 20% 

SDS) and heated for 5 min. They were then loaded on 15% SDS-polyacrylamide gel and 

electroblotted on nitrocellulose membrane. Commercial markers (BioRad, Marnes la 

Coquette, France) were used as molecular weight standards. Membranes were incubated in 

blocking solution (5% milk in Tris buffered saline containing 0.1% Tween 20) at room 

temperature for 1 h, then overnight with goat anti-GFAP (sc-6170; 1:1000). After incubation 

with the corresponding secondary antibodies coupled with peroxidase (donkey anti-goat, sc-

2033, Santa Cruz Biotechnology; dilution 1:10000), proteins were visualized using enhanced 
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chemiluminescence ECL Plus immunoblotting (BioRad). To check equal protein loading, 

membranes were stripped and reprobed with mouse β-actin antibodies (A5441, Sigma-

Aldrich, St. Louis, MO, USA; 1:5000). The intensity of the immunoreactive bands was 

quantified using a blot analysis system (BioRad), and data were expressed as GFAP/β-actin.  

 

Determination of lesion size 

 Thirty-two Ibo/NaCl and 32 Ibo/remi pups from eight litters were sacrificed by decapitation 5 

days after ic ibotenate injection. Brains were immediately fixed in 4% formalin for 7 days and 

embedded in paraffin. Coronal sections (7-µm thick) were cut and stained with cresyl violet to 

determine the maximal extent of the lesion. Previous reports have shown an excellent 

correlation between the maximal radial, lateral-medial, and fronto-occipital diameters of 

ibotenate-induced lesions.
5,6

 Therefore, sectioning the entire brain in the coronal plane 

provided an accurate and reproducible determination of the maximal fronto-occipital diameter 

of the lesion, which was used as an index of lesion size. Two investigators blinded to the 

treatment groups (CC and FT) determined the lesion size in each brain.  

 

Behavioral assessments of neonate mice sensorimotor development 

In the first set of experiments the effect of remifentanil was evaluated in the lesional model, 

and in a second set the proper effect of remifentanil was evaluated in unlesioned pups. A third 

group of untreated P2 pups was included in both sets of experiments. Pups from seven litters 

were experimental subjects (11–20 pups per experimental group). Males and females were 

randomly assigned to the different groups. The measures of sensorimotor development were 

assessed by negative geotaxis and suspension tests according to methods described by Altman 

and Sudarshan.
7
 The pups were weighed and tested between 09:00 and 11:00 h. Negative 

geotaxis is a postural reaction bringing the animal in the upright position when it is placed 
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downward. The animals were placed on a 20° tilted plane, with their head facing down, and 

the mean time to realize a full rotation of 180°, face up, was measured in each group. The 

negative reflex was assessed from P6 to P8. For the suspension test, a nylon thread was 

suspended 15 cm above a soft surface. Pups were gently held and their forepaws were brought 

into contact with the thread to provoke a grasping reflex. The mean time the pups were able to 

hold onto the thread with their forepaws was recorded. Grasping reflex/grip strength was 

measured from P10 to P12. 

 

Juvenile mouse behavior in open field 

P2 lesioned (Ibo/NaCl and Ibo/remi groups) and unlesioned (NaCl and remi groups) pups 

were observed for exploratory and locomotor activity at P18. All tests were performed 

between 09:00. and 13:00 h. Total distance travelled in an open field during a 30-min period 

was recorded using an automated image analysis system (Ethovision XT9.0, Noldus 

Information Technologies, Vageningen, The Netherlands). Animals were isolated for 10 min 

in individual cages before being placed in the experimental device (40 × 40 × 30 cm) and 

behavior was videotaped for later analysis. When mice are introduced in the open field, they 

are inclined to explore mainly the peripheral zone of the apparatus. This tendency to remain 

close the wall, called thigmotaxis, was shown to be selectively sensitive of the action of 

anxiolytic drugs and is considered as an index of anxiety in rodent.
8
 After a 5-min period of 

habituation, thigmotaxis was assessed by the time spent in the central area of the open field 

(30 × 30 cm) during five successive 1-min periods. Four animals could be tested in parallel, 

and male and female mice were tested separately.  
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#<2]#!

+�L`!

K:6"!g#!%:1.(+0/!0=[/;/)!
4t=Dt(,!#<2]#!C�!`"\8bW!

K:6"!g$!4:E/!1C/+.!:+!.9/!0/+./;!
4t=Dt(,!#<2]#!C�`"Lg8g!

7C=+.(+/=@1!
E=.=;!(0.:[:.,!(.!
BWd!:+!S/E(-/1!
t:.9!:?=./+(./!!
mK:6"!g'D%n!

!

4t=Dt(,!
#<2]#!

+�Wd!

K:6"!g'!%:1.(+0/!0=[/;/)!
4t=Dt(,!#<2]#!C�!`"`gbF!

K:6"!g%!4:E/!1C/+.!:+!.9/!0/+./;!
4t=Dt(,!#<2]#!C�!`"``G8!

7C=+.(+/=@1!
E=.=;!(0.:[:.,!(.!
BWd!:+!E(-/1!
@+-/1:=+/)!!
mK:6"!\!#D$n!

!

4t=Dt(,!
#<2]#!

<('-!+�W`!
;/E:!+�WL!

K:6"!\#!%:1.(+0/!0=[/;/)!
4t=Dt(,!#<2]#!C�!`"dFGd!

K:6"!\$!4:E/!1C/+.!:+!.9/!0/+./;!
4t=Dt(,!#<2]#!C�!`"W8WF!

!



!

! !

!

RESULTATS 

!

! !

WbW!

.N@HAFCHLDJ! $HJD!
L!FLMH@HLMHLDJ!

HN@HAFCHLDJ!

@!T?PEH!

n@o>*>5p!nn@o>*>+p!nnn@o>*>>+q!nnnn@o>*>>>+!
7C=+.(+/=@1!

E=.=;!(0.:[:.,!(.!
BWd!:+!S/E(-/1!
@+-/1:=+/)!!
mK:6"!\!'D%n!

4t=Dt(,!
#<2]#!

<('-!+�WG!
;/E:!+�WF!

K:6"!\'!%:1.(+0/!0=[/;/)!
4t=Dt(,!#<2]#!C�!`"F8WG!

K:6"!\%!4:E/!1C/+.!:+!.9/!0/+./;!
4t=Dt(,!#<2]#!C�!`"gbdg!

e/:69.!:+.(X/!:+!
E(-/!t:.9!
:?=./+(./!

m7@CC-/E/+.(;,!
K:6"!W#n!

4t=Dt(,!
#<2]#!

+�LW! 4t=Dt(,!#<2]#!C�!`"```W!

e/:69.!:+.(X/!:+!
S/E(-/!t:.9!
:?=./+(./!

m7@CC-/E/+.(;,!
K:6"!W$n!

4t=Dt(,!
#<2]#!

+�W\! 4t=Dt(,!#<2]#!C�!`"W8W8!

e/:69.!:+.(X/!:+!
E(-/!@+-/1:=+/)!
m7@CC-/E/+.(;,!

K:6"!W'n!

4t=Dt(,!
#<2]#!

+�WF! 4t=Dt(,!#<2]#!C�!`"dL8L!

e/:69.!:+.(X/!:+!
E(-/!t:.9!
:?=./+(./!

m7@CC-/E/+.(;,!
K:6"!W%n!

4t=Dt(,!
#<2]#!

+�WG! 4t=Dt(,!#<2]#!C�!`"8bFd!

!
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!

!

RESULTATS 

!

! !

WbL!
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!
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Wb\!

];'99*."%'" ($" =4*=$,*(*52'" $"<'.&29"%'" .'<*-99'." ('9" (2&2,'9"%'"<.29'" '=" +7$.5'"%-"

=*-1'$-X=4" <.4&$,-.4" '," %;$&4(2*.'." ($" :-$(2,4" %'9" 9*2=9" (*.9" %'" (;7*9<2,$(29$,2*=?" O'9"

<.*5.89"*=,"<'.&29"($"%2&2=-,2*="%'"($"&*.B2X&*.,$(2,4"=4*=$,$('"%-"<.4&$,-.4"c/,*(("',"$(?6"

>kDFd?" ]$" <.4&$,-.2,4" .'9,'" =4$=&*2=9" <*-.1*0'-9'" %'" =*&B.'-9'9" +*&<(2+$,2*=9" +7'T"

(;'=A$=," '=" %'1'=2.6" =*,$&&'=," $-" =21'$-" +4.4B.$(?" ]$"&29'" '=" <.$,2:-'" %'" 9,.$,452'9" %'"

='-.*<.*,'+,2*=" %-" +'.1'$-" 2&&$,-.'" '9," <$." +*=94:-'=," -=" '=N'-" +*=92%4.$B('" <*-." ($"

&4%'+2='"=4*=$,$('"%-">D8&'" 928+('?" ];*.252='"%'9" (492*=9"+4.4B.$('9" (24'9"@" ($"<.4&$,-.2,4"

4,$=,"&-(,2A$+,*.2'(('6"-='"$<<.*+7'"7*(29,2:-'"'9,"%*=+"=4+'99$2.'"<*-."$&4(2*.'."('"%'1'=2."

='-.*(*52:-'"%-"<.4&$,-.4?"G="'AA',6"92"-='"9'-('"2=,'.1'=,2*="@"1294'"='-.*<.*,'+,.2+'"='"

9'&B('" <$9" 9-AA29$=,'6" (;$99*+2$,2*=" %'" <(-92'-.9" 2=,'.1'=,2*=9" <*-..$2," <'.&',,.'" ($"

%2&2=-,2*="%'9"94:-'(('9"='-.*%41'(*<<'&'=,$('9?"M$.&2"+'9"2=,'.1'=,2*=96"(;$%&2=29,.$,2*="

$=,4=$,$('"%'"9-(A$,'"%'"&$5=492-&"'="+$9"%'"&'=$+'"%;$++*-+7'&'=,"<.4&$,-.4"'9,"-='"

$+,2*="92&<('"%*=,"(;'AA2+$+2,4"$"4,4"%4&*=,.4'"cm%%2'"',"$(?6">kDFd?"C='"$-,.'"$<<.*+7'"'9,"

%'" (2&2,'." ($" <.'9+.2<,2*=" %'" &4%2+$&'=,9" <*992B('&'=," %4(4,8.'9" <*-." ('"

='-.*%41'(*<<'&'=,?"]$"<*,'=,2'(('"='-.*,*H2+2,4"%'9"$5'=,9"$='9,7492:-'9"9-." ('"+'.1'$-"

2&&$,-.'"*B(25'"('"=4*=$,*(*529,'"@"41$(-'."($"B$($=+'"B4=4A2+'v.29:-'"%'"+7$:-'"&*(4+-('"

',"%'"<.'9+.2.'"(;$='9,7492:-'"('"&*2=9",*H2:-'"+7'T"('"=*-1'$-X=4?"];41$(-$,2*="%'9"$5'=,9"

$='9,7492:-'9" +7'T" (;!=2&$(" '," +7'T" (;Y*&&'" '9," %*=+" '99'=,2'(('" <*-." $&4(2*.'." ('9"

<.$,2:-'9"'="=4*=$,*(*52'"',6"$.(9$.%6"($",.$N'+,*2.'"='-.*%41'(*<<'&'=,$('"%'9"'=A$=,9"=49"

<.4&$,-.49?"

]'9",.$1$-H"'=,.'<.29"$-"+*-.9"%'"+',,'",789'"9;2=9+.21'=,"%$=9"('"+$%.'"%'"(;'AA*.,"%'"

.'+7'.+7'" <*-." ($" ='-.*<.*,'+,2*=" %-" <.4&$,-.4" '," +*&<*.,'=," -='" <$.,2'" %'" .'+7'.+7'"

+(2=2:-'" '," -='" <$.,2'" %'" .'+7'.+7'" A*=%$&'=,$('?" Q*-9" $1*=9" 41$(-4" @" (;s5'" 9+*($2.'" ('9"

'=A$=,9" 2=+(-9" %$=9" (;'99$2" .$=%*&294" +*=,.P(4" M.'&$5" '," $0$=," 4,4" 'H<*949" $1$=,"

(;$++*-+7'&'=,"$-"9-(A$,'"%'"&$5=492-&"*-"@"-="<($+'B*?"Q*-9"$1*=9"45$('&'=,"$=$(094"$.(

@$@"" (;'AA'," %-" .4&2A'=,$=2(6"&*.<72=2:-'" %'" 90=,789'" -,2(294" '=" <4.2*%'" <4.2=$,$('6" 9-." ('"

+'.1'$-"2&&$,-.'"%'"9*-.2+'$-H"'="+*=,'H,'"(492*=='(?"

"
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!
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Wbb!

"! 'HTHLFA! O! PQkGH! JRKP?FAH! MQHLZ?LDJ! LBJ! @ABC?DEABJ! HN@KJBJ! ?E!

JEPZ?DH! MH! C?GLBJFEC! HL! ?LDBL?D?P! O! TFJBH! LHEAK@AKDHRDAFRH! hHJJ?F!

A?LMKCFJB!RKLDAaPB!8AHC?Gi!

];2&<$+," ='-.*<.*,'+,'-." %'" (;'H<*92,2*=" $-" 9-(A$,'" %'" &$5=492-&" 9-." ('" +'.1'$-"

2&&$,-.'" $" 4,4" 41$(-4" +7'T" (;!=2&$(" <$." %'" =*&B.'-9'9" 4,-%'9" <.4+(2=2:-'9" '," +7'T"

(;Y*&&'" <$." %'9" 4,-%'9" *B9'.1$,2*=='(('9" '," +2=:" '99$29" .$=%*&2949" +*=,.P(49"

&-(,2+'=,.2:-'9?"O'9"'99$29".$=%*&2949"*=,"A$2,"(;*BN',"%'"&4,$X$=$(09'9"cO*=%'X!5-%'(*"',"

K*&'.*6">kkz"�"O*9,$=,2='"',"$(?6">kkz"�")*0('"',"$(?6">kkz$6">kkzB"�"m%%2'"',"$(?6">kDF"�"Z'=5"

'," $(?6" >kDfd" +*=+(-$=," 45$('&'=," @" -=" 'AA'," B4=4A2:-'" 9-." ('" %'1'=2." ='-.*(*52:-'" %'"

(;'=A$=,"@"%'-H"$=9?""

/2H" +'=," :-$,.'X12=5,X7-2," Aq,-9" $1$2'=," 4,4" 2=+(-9" %$=9" (;'99$2" .$=%*&294" A.$=\$29"

M.'&$56"%*=,"jF>"$1$2'=,"4,4"'H<*949"$-"9-(A$,'"%'"&$5=492-&?"]'"9-212"@"%'-H"$=9"%'" ($"

+*7*.,'" $1$2," <'.&29" ($" &29'" '=" 412%'=+'" %;-=" 'AA'," <.*,'+,'-.6" &$29" =*=" 925=2A2+$,2A6" %-"

&$5=492-&"9-." ('9"$=*&$(2'9"&*,.2+'9"',"+*5=2,21'9?"G="'AA',6" ($"%2&2=-,2*="%'9"$=*&$(2'9"

&*,.2+'9"$<<.*+7$2,"%'"($"925=2A2+$,212,4"c8(�"k6kfd6"',"('9"+.2,8.'9"+*&B2=49"c%4+89"$99*+24"$-"

.',$.%"&*,'-."*-"@"($"<$.$(092'"+4.4B.$('"*-"$-".',$.%"+*5=2,2Ad"4,$2'=,"&*2=9"A.4:-'=,9"%$=9"

('"5.*-<'"#5/mE":-'"%$=9"('"5.*-<'"<($+'B*"c#$..',"',"$(?6">kki6">kkwd?"

]'"9-212"@"(*=5",'.&'"%'9"'=A$=,9"2=+(-9"%$=9"(;'99$2"M.'&$5"9;$14.$2,"=4+'99$2.'"^"

X"%;-='"<$.,"$A2="%'"9;$99-.'."%'"(;$B9'=+'"%;'AA',"%4(4,8.'"%-"9-(A$,'"%'"&$5=492-&"

+7'T" (;'=A$=," 'H<*94?" G=" 'AA',6" (;$+,2*=" %;-='"&*(4+-('" 9-." ('" +'.1'$-" '=" %41'(*<<'&'=,"

<'-,"$1*2."%'9"'AA',9"&-(,2<('96"@"($"A*29"B4=4A2:-'9"&$29"$-992"%4(4,8.'9?"M$."'H'&<('6"2("$"4,4"

%4&*=,.4"$-"9'2="%'"=*,.'"4:-2<'"%'".'+7'.+7'":-'" ('"Q#)!"$1$2,"-="'AA',"%*-B('"9-." ('"

+*.,'H" 2&&$,-.'" %'" 9*-.29"s54'9" %'" >" N*-.9"^" <.*X=4+.*,2:-'" %$=9" ('9" +*-+7'9" ='-.*=$('9"

<.*A*=%'9" c('9" <(-9" &$,-.'9d" '," $=,2X$<*<,*,2:-'" %$=9" ('9" +*-+7'9" 9-<'.A2+2'(('9" c('9" <(-9"

2&&$,-.'9d"c)'9A'-H"',"$(?6">kDkd?"

X"%;$-,.'"<$.,"$A2="%;41$(-'."('-."%'1'=2."='-.*(*52:-'?"G="'AA',6"($"&29'"'="412%'=+'"

%'",.*-B('9"&*,'-.9"&2='-.9"',"%'",.*-B('9"+*5=2,2A9"'9,"<(-9"A2$B('"@"Dk"$=9":-;@">"$=9"',"

$AA2.&'."(;$B9'=+'"%'"<$.$(092'"+4.4B.$('"@">"$=9"<'-,"9;$14.'."%2AA2+2('?"

]'" 9-212" @" (*=5" ,'.&'" %'" ($" +*7*.,'" M.'&$5" $" %*=+" <'.&29" %;$=$(09'." ('" %'1'=2."

='-.*(*52:-'"%'9"'=A$=,9"=49"<.4&$,-.49"$1$=,"jj"/!"',"'H<*949"$-"9-(A$,'"%'"&$5=492-&"



!
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!
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!
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'=" <4.2*%'" $=,4=$,$('?" ]'9" %'1'=2.9" 9'=9*.2'(" '," +*5=2,2A6" ('9" ,.*-B('9" %-" ($=5$5'6" %'"

(;$(2&'=,$,2*=" '," %-" 9*&&'2(" ='" 9'&B('=," <$9" &*%2A249" <$." (;'H<*92,2*=" $=,4=$,$('" $-"

&$5=492-&" @" (;s5'" 9+*($2.'?" G=" .'1$=+7'6" ('" %'1'=2." &*,'-." '9,"&'2(('-.6" ('9" ,.*-B('9" %-"

+*&<*.,'&'=,6" =*,$&&'=," ('9" 90=%.*&'9" %;70<'.$+,212,46" 9*=," %2&2=-496" ('9" %2AA2+-(,49"

9+*($2.'9"9*=,"&*2=9"2&<*.,$=,'9"',"('9"<$.'=,9"*=,"-="&'2(('-.".'99'=,2"%'"($"9$=,4"%'"('-."

'=A$=,"%$=9"('"5.*-<'"9-(A$,'"%'"&$5=492-&?"

O'",.$1$2(".'<.49'=,'"('"<.'&2'."9-212"@" (*=5",'.&'"%;-='"+*7*.,'"%;'=A$=,9"'H<*949"

$-"&$5=492-&"'="<4.2*%'"$=,4=$,$('"cO7*(($,"',"$(?6">kDEd6"('"9-212"%'"($"+*7*.,'"!OVm#5/mE"

$" 4,4" <-B(24" 9'+*=%$2.'&'=," '=" >kDE" c)*0('" '," $(?6" >kDE$d?" !-+-=" 'AA'," %4(4,8.'" 9-." ('"

%41'(*<<'&'=,"='-.*(*52:-'6":-2"$-.$2,"<-"9;*<<*9'."$-"B4=4A2+'"%4&*=,.4"@">"$=96"=;$"4,4"

.',.*-14?" C='" ,'=%$=+'" ='-.*<.*,'+,.2+'" %-"&$5=492-&" $" 4,4"&29'" '=" $1$=,6" +*=A*.,$=,"

$2=92" (;$=$(09'" %'9" %*==4'9" <4.2=$,$('9" '," %-" 9-212" @" >" $=9?" ];41$(-$,2*=" @" Dk" $=9" .418('"

45$('&'=,"-="'AA',"B4=4A2:-'"9-." ($" 9-.1'=-'"%'" ,.*-B('9"%-"+*&<*.,'&'=,"'," ('"%'1'=2."

9+*($2.'?"O'9"4(4&'=,9".$99-.$=,9"9*=,"%'9"$.5-&'=,9"9-<<(4&'=,$2.'9"<*-."<.*&*-1*2."$-"

&2'-H"(;-,2(29$,2*="%-"9-(A$,'"%'"&$5=492-&"%$=9"('9"92,-$,2*=9"%;$++*-+7'&'=,"<.4&$,-.4?"

 

! Limites de l’étude 

]'9".49-(,$,9"%'"(;4,-%'"%*21'=,",*-,'A*29"I,.'"=-$=+496"+$."('"9-212"@"(*=5",'.&'"%'"($"

+*7*.,'"M.'&$5"<.49'=,'"+'.,$2='9"(2&2,'9?""

!"$"$! 3#&#5*/+(#%*/+N+(I%5.$*+#0#5#-(*+

V*-," %;$B*.%6" ($" <-299$=+'" 9,$,29,2:-'" '9," -='" %'9" (2&2,'9" 2&<*.,$=,'9" %'" (;'99$2"

M.'&$5?")-" A$2,"%'9"%2AA2+-(,49"@"&$2=,'=2."-="=21'$-"%'".'+.-,'&'=,"4('146" (;2=+(-92*="%'9"

<$,2'=,'9"$"4,4" 9-9<'=%-'"92H"$=9"$<.89" ('"%4B-,"%'" (;'99$2" cN-2((',"DzziXN-2((',">kkjd6"$(*.9"

:-'"9'-('9"FfE"&8.'9"$1$2'=,"4,4" 2=+(-9'9"<'.&',,$=," ($".$=%*&29$,2*="%'"fww"Aq,-96"9*2,"

f>�"%'" ($" ,$2(('"+2B('"%'" (;'AA'+,2A" cDDf>"<$,2'=,9d?"/'-(9" ('9"'=A$=,9"=49"%'"&8.'9"$0$=,"'-"

-='"&'=$+'"%;$++*-+7'&'=,"<.4&$,-.46"$1'+"*-"9$=9".-<,-.'"%'9"&'&B.$='96"$1$2'=,"4,4"

2=+(-9"�" ('9" &$($%2'9" 1$9+-($2.'9" 4,$2'=," -=" +.2,8.'" %'" =*=X2=+(-92*=" %$=9" -=" 9*-+2"

%;7*&*54=42,4" %;'AA'+,2A" '," $A2=" %'" .'9,.'2=%.'" (;4,-%'" $-H" <$,2'=,9" ('9" <(-9" @" .29:-'" %'"

%41'(*<<'."%'9",.*-B('9"='-.*(*52:-'9?"G="2=+(-$=,"+'9"<$,2'=,'96"($",$2(('"%'"(;'AA'+,2A"$-.$2,"

<-" I,.'" $-5&'=,4'?" G=" 'AA',6" ('9" &$($%2'9" 1$9+-($2.'9" (24'9" @" ($" 5.*99'99'" 9*=," ($" +$-9'"
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<.2=+2<$('" %'9" =$299$=+'9" <.4&$,-.4'9" $1$=," jj" /!6" .'<.49'=,$=," -=" ,2'.9" %'9" =$299$=+'9"

<.4&$,-.4'9"c]$..*:-'"',"$(?6">kkjd?""

)'" <(-96" ('" =*&B.'" %'" 9-N',9" =4+'99$2.'9" $1$2," 4,4" +$(+-(4" <*-." %4,'+,'." -='"

%2&2=-,2*="%'"Fk�"%-".29:-'"%;$=*&$(2'9" 9418.'9"%'" ($" 9-B9,$=+'"B($=+7'"@" (;4+7*5.$<72'"

,.$=9A*=,$='(($2.'6"%4A2=2'9"<$."($"<.49'=+'"%'"('-+*&$($+2'"<4.21'=,.2+-($2.'"J09,2:-'6"%;-='"

74&*..$52'"<4.21'=,.2+-($2.'"<$.'=+70&$,'-9'"*-"%;-='"(492*="<*.'=+4<7$(2:-'6"c+.2,8.'"%'"

N-5'&'=," <.2=+2<$(" %'" (;4,-%'d?" e(" $" 4,4" <.*-14" :-'" ('" ,$-H" %'" ('-+*&$($+2'9" +$12,$2.'9" $"

A.$=+7'&'=," %2&2=-4" %'<-29" ('9" $==4'9" Dzzk" c1$=" Y$$9,'.," '," $(?6" >kDDd6" $(*.9" :-'" ('9"

(492*=9" %2AA-9'9" %'" ($" 9-B9,$=+'" B($=+7'" *=," ,'=%$=+'" @" $-5&'=,'." cR$+J6" >kkfd?" O*&<,'"

,'=-" %'" +',,'" 41*(-,2*=" %'9" (492*=9" +4.4B.$('96" ('" =*&B.'" %'" 9-N',9" =4+'99$2.'9" <*-." ('"

+.2,8.'"%'" N-5'&'=,"<.2=+2<$("'9,"%*=+"<.*B$B('&'=,"9*-9X'9,2&4?"M$."$2(('-.96" (;41$(-$,2*="

4+7*5.$<72:-'"='"<'.&',"<$9"%'"129-$(29'."+*..'+,'&'=," ('9"A*.&'9"%2AA-9'9"%'" ($"&$($%2'"

%'"($"9-B9,$=+'"B($=+7'"',"($"+*..4($,2*="$=*&$(2'"9418.'"%'"($"9-B9,$=+'"B($=+7'"c+*&&'"

%4A2=2'"%$=9"(;'99$2"2=2,2$(d"v9-.1'=-'"%'"<$.$(092'"+4.4B.$('"'9,"&$-1$29'?"G="'AA',6"%$=9"+',"

'99$26" 9'-('"&*2=9" %'" ($"&*2,24" %'9" '=A$=,9" $,,'2=,9" %'" <$.$(092'" +4.4B.$('" <.49'=,$2," -='"

$=*&$(2'" 9418.'" %'" ($" 9-B9,$=+'" B($=+7'" %2$5=*9,2:-4'" <$." -='" 4+7*5.$<72'"

,.$=9A*=,$='(($2.'?"];41$(-$,2*="909,4&$,2:-'"%-"<$.'=+70&'"+4.4B.$("<$."eK#"(*.9"%;'99$29"

%'"='-.*<.*,'+,2*="<*-..$2,"$&4(2*.'."('"%4<29,$5'"%'9"$=*&$(2'9"%'"($"9-B9,$=+'"B($=+7'?"

]$" <-299$=+'" %'" (;'99$2" <*-." ('" 9-212" @" (*=5" ,'.&'" c+.2,8.'" %'" N-5'&'=," <.2=+2<$("^"

<$.$(092'" +4.4B.$('d" '9," 9'-('&'=," %'" DE�?" M*-." *B,'=2." -='" <-299$=+'" %'" wk�6" $1'+" -="

.29:-'"$(<7$"%'"F�"2("$-.$2,"A$((-"41$(-'.">D>>"<$,2'=,9"<$."5.*-<'"9*2,"-="'AA'+,2A"5(*B$("%'"

E>EE"<$,2'=,96"+;'9,"@"%2.'"-="4+7$=,2((*="%2H"A*29"<(-9"2&<*.,$=,?"

M$." $2(('-.96" ('9" <$,2'=,'9" *=," 4,4" 2=+(-9'9" <'=%$=," f" $=9" $(*.9" :-'" ('" 9-212" @" (*=5"

,'.&'"9;'9,"%4.*-(4"9-.">"$=9?"e("'H29,'"%*=+"-='"74,4.*54=42,4"%'"(;s5'"%'9"'=A$=,9"(*.9"%'"($"

.4<*=9'"$-":-'9,2*==$2.'" c'=,.'"i"$=9"',"z"&*29"',"DE"$=9"',"E"&*29d?"O',,'" (*=5-'"%-.4'"

%;2=+(-92*=" <'-," $-992" I,.'" @" (;*.252='" %;-=" B2$29" %'" 94('+,2*=?" G=" 'AA',6" ('9" <.$,2:-'9"

*B9,4,.2+$('9" '," =4*=$,$('9" 41*(-'=,6" '," ('9" <.29'9" '=" +7$.5'9" %'9" <$,2'=,9" *=," <-" I,.'"

%2AA4.'=,'9" '=,.'" ('" %4B-," '," ($" A2=" %'" ($" <4.2*%'"%;2=+(-92*=6"&*%2A2$=," <*,'=,2'(('&'=," ('"

%'1'=2."%41'(*<<'&'=,$("%'9"<$,2'=,9?"V*-,'A*296" ($" .$=%*&29$,2*="@" (;2=+(-92*="<'.&',"%'"

&2=2&29'."+'"B2$29?"
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G=A2=6" ('" <.*,*+*('" M.'&$5" <.41*0$2," -='" 2=N'+,2*=" -=2:-'" %'" :-$,.'" 5.$&&'9" %'"

9-(A$,'" %'" &$5=492-&" $(*.9" :-'" ('9" $-,.'9" 4,-%'9" 41$(-$=," (;'AA'," ='-.*<.*,'+,'-." %-"

&$5=492-&"<.*<*9$2'=," -='"%*9'" %;'=,.',2'=" %;-=" 5.$&&'"<$." 7'-.'" <'=%$=," D>" 7'-.'9"

$<.89" ($" %*9'" %'" +7$.5'" 2=2,2$('?" /;2(" 'H29,'" -=" 'AA',X%*9'" %-" 9-(A$,'" %'"&$5=492-&" 9-." ('"

%'1'=2." ='-.*(*52:-'6" (;2&<$+," B4=4A2:-'" $,,'=%-" %-" 9-(A$,'" %'"&$5=492-&" <*-..$2," I,.'"

&*2=9"2&<*.,$=,"'="+$9"%'"%*9'"%'"+7$.5'"-=2:-'"+*&&'"%$=9"(;'99$2"M.'&$5?"

!"$"#! 3#&#5*/+(#%*/+-.+1.*/5#'00-#6*+

];41$(-$,2*=" ='-.*(*52:-'" %'9" <$,2'=,9" <$." :-'9,2*==$2.'" <.49'=,'" -=" $1$=,$5'"

(*529,2:-'"'," A2=$=+2'." +'.,$2="'="+*&<$.$29*="@"-='"41$(-$,2*="&4%2+*X<90+7*(*52:-'" (*.9"

%;-='" +*=9-(,$,2*=" 7*9<2,$(28.'?" e(" <'.&'," 45$('&'=," %'" 9;$AA.$=+72." %'" ($" +*(($B*.$,2*="

$+,21'"%'9"Dj"+'=,.'9"$0$=," 2=+(-9"%'9"<$,2'=,9?"m.5$=29'."-='"+*=9-(,$,2*=6"+*=1$2=+.'"%'9"

<4%2$,.'9" :-2" =;$1$2'=," <.*B$B('&'=," <$9" <$.,2+2<4" @" (;4,-%'" 2=2,2$('6" '," &*=*<*(29'." -="

W"'9<$+'"[" %'" +*=9-(,$,2*=" $-" 9'2=" %'" <.*5.$&&'9" 9*-1'=," 9-.+7$.549" $-.$2'=," 4,4" %'9"

+*=,.$2=,'9"2=74.'=,'9"$-"9-212"&4%2+$("@"(*=5",'.&'?""

#$29"(;-,2(29$,2*="%;-=":-'9,2*==$2.'".'&<(2"<$."('9"<$.'=,9"+*&<*.,'"%'9"(2&2,'9?"]'9"

%2$5=*9,2+9" 4($B*.49" @" <$.,2." %-":-'9,2*==$2.'" 9*=,"&*2=9" <.4+29" :-'" +'-H" .49-(,$=," %;-='"

+*=9-(,$,2*=?" M(-92'-.9" 4(4&'=,9" <'-1'=," A$-99'." ('9" .4<*=9'9" $-":-'9,2*==$2.'" +*&&'" ($"

B$..28.'" %'" ($" ($=5-'" ',v*-" %'" (;4+.2,-.'6" ($" &$-1$29'" +*&<.47'=92*=" %'9" :-'9,2*=96" ('"

.'5$.%" 9-BN'+,2A" %'9" <$.'=,9" '," ($" 14.$+2,4" %'9" .4<*=9'9?" Q4$=&*2=96" ('9" :-'9,2*==$2.'9"

<$.'=,$-H" *=," (;$1$=,$5'" %;I,.'" %'9" *-,2(9" 92&<('96" <'-" +*n,'-H" '," A2$B('9" <*-." 41$(-'." ('"

9-212" @" (*=5" ,'.&'" %'9" '=A$=,9" cr2(9*=" '," $(?6" >kkk" �" R*.,*(-9" '," $(?6" >kk>" �" K2('06" >kkE" �"

U($&$=,"',"$(?6">kDDd?"

M$."$2(('-.96"('":-'9,2*==$2.'"$1$2,"4,4"2=2,2$('&'=,"4($B*.4"<*-."-="9-212"@"(;s5'"%'"Dk"

$=9?" ]'9" *-,2(9" -,2(2949" <*-." ($" +.4$,2*=" %'" ($" 5.2(('" 9*=," 1$(2%49" <*-." %'9" ,.$=+7'9" %;s5'"

<.4+29'9"^"('"_X!RO"<*-."('9"'=A$=,9"%'">"$=9"',"%'&2"@"D>"$=9"',"%'&26"('"re/OXeg"%'"f"$=9"@"

DE"$=96"('"/)u"%'"j"@"Df"$=9"',"('":-'9,2*==$2.'"%'"9-212"GMeM!SG"D"+*=+'.=$2,"('9"'=A$=,9"%'"

w" $=9?" O'.,$2=9" <$,2'=,9" 9-2129" ='" 9*=," <$9" 'H$+,'&'=," %$=9" ($" +2B('?" !A2=" %'" 1$(2%'." ('"

:-'9,2*==$2.'"9-."($",.$=+7'"%;s5'"+*=+'.=4'"ci"$=9"',"z"&*29"�"DE"$=9"',"E"&*29d6" 2("$-.$2,"

A$((-",'9,'." ($"5.2(('"$-<.89"%;-="4+7$=,2((*=",4&*2="%;'=A$=,9"=49"@",'.&'"',"='"<.49'=,$=,"

<$9"%'",.*-B('"='-.*%41'(*<<'&'=,$(?""
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G=A2=6" ('" :-'9,2*==$2.'" '9," <.*<.'" @" (;4,-%'" A.$=\$29'?" O*&<,'" ,'=-" %-"&$=:-'" %'"

925=2A2+$,212,4" %'" (;4,-%'6" 2(" $-.$2," 4,4" N-%2+2'-H" %'" +*&B2='." ('9" %*==4'9" %'" (;4,-%'"

$-9,.$(2'=='" '," =4*XT4($=%$29'" @" +'(('9" %'" (;4,-%'" A.$=\$29'" %$=9" ('" +$%.'" %;-='" &4,$X

$=$(09'6" +*&&'" +'($" $1$2," %4N@" 4,4" A$2," <*-." ('" 9-212" @" %'-H" $=9" c)*0('" '," $(?" >kkzd?"#$29"

+*&&'"('"9-212"@"(*=5",'.&'"%'"($"+*7*.,'"!OVm#5/mE".'<*9'"9-."-='"41$(-$,2*="+(2=2:-'"',"

+'(-2"%'"($"+*7*.,'"A.$=\$29'"9-."-=":-'9,2*==$2.'"<$.'=,$(6"-='",'(('"&4,$X$=$(09'"=;'9,"<$9"

<*992B('?"C=":-'9,2*==$2.'"+*&&-="$-"9-212"%'9"+*7*.,'9"M.'&$5"',"!OVm#5/mE"$-.$2,"4,4"

-="*-,2("<.4+2'-H"<*-."-='"4,-%'"2=,'.=$,2*=$('"%'":-$(2,4?"

!"$"%! 3#&#5*/+(#%*/+-.G+"*6$./+$*+4.*+

#$(5.4"('9"=*&B.'-9'9"%4&$.+7'9"&29'9"'="q-1.'"<*-.".',.*-1'."('9"<$,2'=,9"%'"($"

+*7*.,'6">f6z"�"%'9"<$,2'=,9"4,$2'=,"<'.%-9"%'"1-'"@" (;s5'" 9+*($2.'6"'," (;'AA'+,2A" 4,-%24"'9,"

%*=+".'9,.'2=,"@"EjD"<$,2'=,9?"]'"B2$29"%'"<'.%-9"%'"1-'"'9,"@"+*=92%4.'."%$=9"(;$=$(09'"%'9"

%*==4'9?" ];$B9'=+'" %'" %2AA4.'=+'" 925=2A2+$,21'" %'9" +$.$+,4.29,2:-'9" 54=4.$('9" %'9" <$,2'=,9"

9-2129" '," <'.%-9" %'" 1-'" <'.&'," =4$=&*2=9" %;$AA2.&'." :-'" ('9" <'.%-9" %'" 1-'" 9*=,"

+*&<$.$B('9" $-H" <$,2'=,9" 9-21296" =*,$&&'=," '=" ,'.&'9" %;'H<*92,2*=" $-" 9-(A$,'" %'"

&$5=492-&?"G=".'1$=+7'6"($".4%-+,2*="%'"($",$2(('"%'"(;4+7$=,2((*="'=,.$}='"-='"%2&2=-,2*="%'"

($"<-299$=+'"9,$,29,2:-'"%-",'9,?"M*-."*<,2&29'."('"9-2126"',"$2=92".4%-2.'"('"=*&B.'"%'"<$,2'=,9"

<'.%-9"%'"1-'6" (;$=,2+2<$,2*="%'" (;4,-%'"@" (*=5" ,'.&'"$-.$2,"4,4"<'.,2='=,'?"#'=,2*=='." ('"

9-212" @" Dk" $=9" %$=9" ('" <.*,*+*('" %'" .'+7'.+7'" +(2=2:-'" 2=2,2$(" '," '=" 2=A*.&'." ('9" <$.'=,9" @"

(;2=+(-92*=6"$=,2+2<'."('9"+7$=5'&'=,9"%;$%.'99'"%'9"A$&2(('9"'="('9"+*=,$+,$=,".45-(28.'&'=,"

<*-." 9;$99-.'." %'9" B*=='9" +**.%*==4'9" <*9,$('9l" $-.$2'=," 4,4" %'9"&*%$(2,49" @" '=129$5'."

(*.9"%'"(;4($B*.$,2*="%'"(;4,-%'"2=2,2$('?"

!"$"0! 3#&#5*/+(#%*/+N+(-+6*"6%/*05-5#4#5%+$.+)6'."*+2'056X(*+

!A2="%;'H,.$<*('."('9".49-(,$,9"*B,'=-9"$-"9'2="%'"($"+*7*.,'"M.'&$5"@"($"<*<-($,2*="

54=4.$('6"('9",$-H"%'9"%4A2+2,9"='-.*(*52:-'9"%-"5.*-<'"+*=,.P('"%*21'=,"I,.'".'<.49'=,$,2A9"

%'9" ,$-H"%'" ($"<*<-($,2*="54=4.$('"%'9"'=A$=,9"=49"<.4&$,-.49"$1$=,"jj"/!"'=,.'"Dzzi"',"

>kkj?"]'"5.*-<'"+*=,.P('"$"$(*.9"4,4"+*&<$.4"@"($"+*7*.,'"GMeM!SG"D?")'-H"&2(('",.*29"+'=,"

:-$,.'X12=5,X%'-H" '=A$=,9" =49" '=,.'" >>" '," j>" 9'&$2='9" %;$&4=*..74'6" 299-9" %'" z" .452*=9"

A.$=\$29'9"'="Dzzi"*=,"4,4" 2=+(-9"%$=9" ($"+*7*.,'"GMeM!SG"D"',"DwDi"*=,"4,4"9-2129"@"F"$=9"

c]$..*:-'" '," $(?6" >kkwd?" ]'9" ,$-H" %'" <$.$(092'" +4.4B.$('6" %'" %4A2+2," 9'=9*.2'(" '," %'"
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.'%*-B('&'=,"9*=,"&*2=9"4('149"%$=9"($"+*7*.,'"GMeM!SG"D":-'"%$=9"('"5.*-<'"<($+'B*"%'"

($"+*7*.,'"M.'&$5?"G=".'1$=+7'6" ('9",$-H"%;'=A$=,9"$,,'2=,9"%'",.*-B('9"%-"+*&<*.,'&'=,6"

%;70<'.$+,212,4"*-"('9",0<'9"%'"9+*($.29$,2*="9*=,"+*&<$.$B('9"cV$B('$-"Ed?""

!

 EPIPAGE 1 

Premag 

Placebo MgSO4 

Paralysie cérébrale 9 15,5 13,3 

Déficit sensoriel  

Visuel 3 46 48,2 

Auditif <1 6,6 4,1 

Trouble du comportement (SDQ)  

Score global 20 20,2 16,5 

Hyperactivité 17 20,2 17,4 

Scolarité  

Redoublement 18 25,5 17,6 

Classe ordinaire 95 94,3 94,3 

Classe spécialisée 3 3,8 3,3 

Institut spécialisé 2 1,9 1,8 

$?UPH?E!Y!I!Comparaison des devenirs neurologiques et scolaires des cohortes EPIPAGE 1 et Premag!
Les valeurs sont exprimées en %. D’après Larroque et al. 2008 et Chollat et al., 2014. 

"

]'9"+.2,8.'9"+*&<*92,'96"+.449"@"<$.,2."%'9" .4<*=9'9"$-":-'9,2*==$2.'6"<'-1'=,"I,.'"

&29" '=" +$-9'" '," '=,.$}='." -='" 9-.'9,2&$,2*=" %'9" ,$-H" %'" 9-.1'=-'" %'9" ,.*-B('9"

='-.*(*52:-'9"%$=9"($"+*7*.,'"M.'&$5"^""

X<*-." ($" <$.$(092'" +4.4B.$('6" ('" +.2,8.'" +*&<*92,'" 9;$<<-2'" 9-." -='" 5.$%-$,2*="

A*=+,2*=='(('"%-"7$=%2+$<6"$%*<,4'"=*,$&&'=,"<*-." ($" +*7*.,'"GMeM!SG"D" ^" 2=+$<$+2,4"%'"

&$.+7'.6" &$.+7'" $1'+" $2%'" '," &$.+7'" 9$=9" $2%'?" ];$B9'=+'" %'" %*-B(*=" '," %'" <$,2'=,"

+*&<,$B2(294" %$=9" <(-92'-.9" 5.*-<'9" $" 4,4" 14.2A24'?" e(" 'H29,'" %*=+" -='" <.*<*.,2*=" <(-9"

2&<*.,$=,'"%;'=A$=,9"$,,'2=,9"%'"<$.$(092'"+4.4B.$('"%$=9" ($" +*7*.,'"M.'&$5"@"Dk"$=9":-'"

%$=9"($"+*7*.,'"GMeM!SG"D"@"w"$=9?""
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X"<*-."('"%4A2+2,"$-%2,2A6"(;4,-%'"GMeM!SG"D".',2'=,"-='"<'.,'"$-%2,21'"9418.'"%'"ik"%R"

$(*.9" :-'" <*-." M.'&$5" ('" +.2,8.'" +*&<.'=%" -=" +.2,8.'" %'" N-5'&'=," 9-BN'+,2A" %'9" <$.'=,9"

c:-'9,2*="Dk"^"W"g*,.'"'=A$=,"'=,'=%X2("B2'="p"[d6"',"-="+.2,8.'"*BN'+,2A"c:-'9,2*="DD"^"W"g*,.'"

'=A$=,"<*.,'X,X2("$+,-'(('&'=,"-="$<<$.'2("<*-."&2'-H"'=,'=%.'"p"[d?""

X"<*-."('"%4A2+2,"129-'(6"('"+.2,8.'"'9,"<.*B$B('&'=,"9-.'9,2&4"%$=9"(;4,-%'"M.'&$5?"]'"

+.2,8.'"+*&<*92,'"+*&<.'=%",*-9"('9"'=A$=,9"<*.,'-.9"%'"(-=',,'9"*-"$0$=,"-='".44%-+$,2*="

*.,7*<,2:-'6"$(*.9":-'"<*-."GMeM!SG"D"9'-(9"('9"'=A$=,9"$1'+"-='"$+-2,4"129-'(('"B2($,4.$('"�"

jvDk" 4,$2'=," +($9949" +*&&'" <.49'=,$=," -=" %4A2+2," 129-'(?" O'9" (2&2,'9" 9*=," 2=74.'=,'9" @" ($"

=$,-.'" &I&'" %-" :-'9,2*==$2.'6" ('9" <$.'=,9" ='" <*-1$=," <$9" A*-.=2." %'9" 2=A*.&$,2*=9"

&4%2+$('9"$-992"<.4+29'9":-'"($"&'9-.'"%;$+-2,4"129-'(('?""

]'" ,$-H" %'" .'%*-B('&'=," '9," <(-9" 4('14" %$=9" ($" +*7*.,'" M.'&$56" '," +',,'"

$-5&'=,$,2*="='"9'&B('"<$9"I,.'"2&<-,$B('"$-":-'9,2*==$2.'?""

]$" %2AA4.'=+'" %'9" ,$-H" %'" 9-.1'=-'" %'9" %4A2+2,9" ='-.*(*52:-'9" '=,.'" ('9" +*7*.,'9"

M.'&$5"',"GMeM!SG"D"<'-,"$-992"I,.'"'H<(2:-4'"<$."('9"%2AA4.'=+'9"%'"+.2,8.'9"%;2=+(-92*="%'9"

'99$29?" G=" 'AA',6" %$=9" M.'&$56" ('9" A'&&'9" <.49'=,$=," -='" <$,7*(*52'" 1$9+-($2.'" (24'" @" ($"

5.*99'99'" c<.44+($&<92'6" .',$.%"%'" +.*299$=+'" 2=,.$X-,4.2=6"YG]]M" 90=%.*&'"*-"74&$,*&'"

.4,.*<($+'=,$2.'d" 4,$2'=," 'H+(-'9" %'" (;'99$2?" ]'9" 2=A'+,2*=9"&$,'.=*XAq,$('9" '," ('9" .-<,-.'9"

<.*(*=54'9"%'9"&'&B.$='9"9*=,"%*=+"<(-9".'<.49'=,4'9"%$=9" ($"+*7*.,'"M.'&$5":-'"%$=9"

+'(('" %;GMeM!SG" D?" ]'9" <$,7*(*52'9" *B9,4,.2+$('9" 1$9+-($2.'9" ='" 9*=," <$9" $99*+24'9" @" ($"

9-.1'=-'"%'"<$.$(092'"+4.4B.$('6"+*=,.$2.'&'=,"$-"9'H'"&$9+-(2=6"@"($"+7*.2*$&=2*,2,'"*-"@"

($".-<,-.'"<.*(*=54'"%'9"&'&B.$='9"cR'$2=*"',"$(?6">kDkd?"]'9"+*7*.,'9"M.'&$5"',"GMeM!SG"

D"='"9*=,"%*=+"<$9"<$.A$2,'&'=,"+*&<$.$B('96"=*,$&&'=,"+$." ('9"+.2,8.'9"%;2=+(-92*="9*=,"

%2AA4.'=,9?" e(" 'H29,'" -=" B2$29" %'" 94('+,2*=" :-2" <*-..$2," 'H<(2:-'." ('" &*2=9" B*=" %'1'=2."

='-.*(*52:-'" %-" 5.*-<'" +*=,.P('" %'" ($" +*7*.,'" M.'&$5" <$." .$<<*.," @" +'(-2" %'" ($" +*7*.,'"

GMeM!SG"D?""

! Intérêts de l’étude 

M.'&$5" '9," ($" <.'&28.'" 4,-%'" :-2" 41$(-'" @" (*=5" ,'.&'" (;'AA'," %-" 9-(A$,'" %'"

&$5=492-&6"-,2(294"%$=9"-="B-,"%'"='-.*<.*,'+,2*=6" +7'T" (;'=A$=,"=4"5.$=%"<.4&$,-.4?"G="

'AA',6"9-."('9"+2=:"'99$29"41$(-$=,"(;'AA',"%'"(;'H<*92,2*="$=,4=$,$('"$-"9-(A$,'"%'"&$5=492-&"

+7'T" ('"5.$=%"<.4&$,-.46"9'-(9" ('9"'99$29" A.$=\$29" cM.'&$5d"',"$-9,.$(2'=" c!OVm#5/mEd"*=,"
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B4=4A2+24"%;-=" 9-212" @" (*=5" ,'.&'?" ]'" 9-212" @"Dk"$=9"%'" ($" +*7*.,'"M.'&$5"'9," ('"<.'&2'."@"

$1*2."4,4"A2=$(294"',"<-B(24?""

C=" %'9" <*2=,9" A*.,9" %'" (;4,-%'" '9," 9$" +*=+'<,2*="&I&'?" G=" 'AA',6" M.'&$5" '9," -='"

4,-%'"<.*9<'+,21'6" .$=%*&294'6"&-(,2+'=,.2:-'6" '=" 92&<('"$1'-5('"'," .4$(294'"'=" 2=,'=,2*="

%'",.$2,'.?""

)'" <(-96" (;'99$2" $" <'.&29" ('" 9-212" %;'=A$=,9" =49" <.4&$,-.4&'=," $1$=," jj" 9'&$2='9"

%;$&4=*..74'6"N-9:-;@"(;s5'"%'"DE"$=9?"]'"%'1'=2."='-.*(*52:-'"%'9"'=A$=,9"=49"<.4&$,-.49"

'9,"9*-1'=,"41$(-4"N-9:-;@"w"$=96"&$29"<'-"%;4,-%'9"41$(-'=,"('9"<$,2'=,9"$<.89"(;s5'"%'"Dk"

$=9?" M$." 'H'&<('6" #*9,'." '," +*(($B*.$,'-.9" $1$2'=," 41$(-4" @" (;s5'" $%-(,'" -='" +*7*.,'"

%;'=A$=,9"=49"<.4&$,-.49"'=,.'"Dzfi"',"Dzwj"c#*9,'."',"$(?6">kkwd"',"-="9-212"@"DD"$=9"$1$2,"

4,4"<.*5.$&&4"<*-."(;4,-%'"4<2%4&2*(*52:-'"GMeO-.'"c'=A$=,9"=49"<.4&$,-.4&'=,"$1$=,">f"

9'&$2='9"%;$&4=*..74'6"'="S.$=%'XR.',$5='"',"'="e.($=%'6"'="DzzFd"c3*7=9*="',"$(?6">kkzd?"

]'9"'AA*.,9"&29"'="q-1.'"<*-.".',.*-1'."('9"<$,2'=,9"*=,"<'.&29"%'"&2=2&29'."('",$-H"

%'"<'.%-9"%'"1-'"c9'-('&'=,">f6z�"<*-."('"9-212"@"Dk"$=9d?"M*-."(;4,-%'"GMeO-.'6" 2("'H29,$2,"

>z�" %'" <'.%-9" %'" 1-'" @" DD" $=9" c3*7=9*=" '," $(?6" >kkzd" '," jF�" @" w" $=9" <*-." GMeM!SG" D"

c]$..*:-'"',"$(?6">kDDd?"]'",$-H"%'"<$,2'=,9"9-2129"'9,"%*=+"$-992"-="%'9"$,*-,9"%'"(;4,-%'?"

]'" 9-212" @" (*=5" ,'.&'" %'9" '=A$=,9" ='" &'," <$9" '=" 412%'=+'" %;'AA'," %4(4,8.'" (24" @"

(;'H<*92,2*=" $=,4=$,$('" $-" 9-(A$,'" %'" &$5=492-&6" =*,$&&'=," 9-." ('" %'1'=2." +*5=2,2A6"

+*&<*.,'&'=,$(6" 9+*($2.'" '," 9'=9*.2'(?" ];'AA'," B4=4A2:-'" %-" 9-(A$,'" %'"&$5=492-&" 9-." ('9"

,.*-B('9"&*,'-.96"&29"'="412%'=+'"<$."('9"4,-%'9".$=%*&294'96"9'&B('"+*=A2.&4"<$."('"9-212"

@" (*=5" ,'.&'?" e(" 9'&B('" &I&'" 'H29,'." -=" B4=4A2+'" 9-." ('9" ,.*-B('9" %-" +*&<*.,'&'=,6"

=*,$&&'=,"(;70<'.$+,212,46"',"($"9+*($.2,4"%'9"'=A$=,9?""

M$."$2(('-.96"2("A$-,"=*,'.":-'"<$.&2"('9"<$,2'=,9"9-21296"%$=9"('"5.*-<'"#5/mE"('"<*2%9"

%'"=$299$=+'"'9,"925=2A2+$,21'&'=,"%2&2=-4"',"($"<.*<*.,2*="%'"<$,2'=,9"%'"9'H'"&$9+-(2="'9,"

925=2A2+$,21'&'=,"<(-9"2&<*.,$=,'"<$.".$<<*.,"$-"5.*-<'"<($+'B*?"O'9"A$+,'-.9"9*=,"+*==-9"

<*-." I,.'" $99*+249" @" -=" 'H+89" %'" %4A2+2,9" ='-.*(*52:-'9" '," 9*=," %*=+" %'9" A$+,'-.9" %'"

+*=A-92*=?"]'9"+*&<$.$29*=9"%'9"%4A2+2,9"='-.*(*52:-'9"*=,"4,4"$N-9,4'9"=*,$&&'=,"9-." ('"

<*2%9" %'" =$299$=+'6"&$29" <$9" 9-." ('" 9'H'"&$9+-(2=?" !2=926" (;'AA'," B4=4A2:-'" %-"&$5=492-&"

<*-..$2,"%*=+"I,.'"9*-9X'9,2&4"%$=9"+',,'"4,-%'?"];$N-9,'&'=,"9-."('"9'H'"$&4(2*.'.$2,"<'-,X

I,.'"($"925=2A2+$,212,4"%'"+'.,$2=9".49-(,$,9?""



!

! !

!

DISCUSSION & PERSPECTIVES 

!

! !

L`\!

]'9" .49-(,$,9" %'" +',,'" 4,-%'" +*=A*.,'=," (;'AA'," ='-.*<.*,'+,'-." %'" (;2=N'+,2*="

$=,4=$,$('" %'" 9-(A$,'" %'" &$5=492-&" '=" +$9" %'" &'=$+'" %;$++*-+7'&'=," <.4&$,-.46"

<.4$($B('&'=," %4&*=,.4" <$." ('9" '99$29" .$=%*&2949" '," ('9" &4,$X$=$(09'9?" ]'" 9-212" @" (*=5"

,'.&'" %'" ($" +*7*.,'" M.'&$5" '9," -=" 4(4&'=," 9-<<(4&'=,$2.'" '=" A$1'-." %'" (;-,2(29$,2*=" '="

.*-,2='"%-"9-(A$,'"%'"&$5=492-&?"

! Comparaison avec le suivi à l’âge scolaire de l’essai ACTOMgSO4 

]*.9" %'" (;'99$2" !OVm#5/mE6" Dkf>" A'&&'9" '=+'2=,'9" $1$2," 4,4" 2=2,2$('&'=,"

.$=%*&294'96"9*2,"D>jF"Aq,-9?"!"(;s5'"9+*($2.'6"jjE"'=A$=,9"'H<*949"$-"9-(A$,'"%'"&$5=492-&"

'," jjF" '=A$=,9" 'H<*949" $-" <($+'B*" *=," <-" I,.'" 41$(-49" c)*0('" '," $(?6" >kDE$d?" !-+-=" 'AA',"

925=2A2+$,2A" %-" 9-(A$,'" %'"&$5=492-&"=;$" 4,4"&29" '=" 412%'=+'" 9-." ('" %'1'=2." ='-.*(*52:-'6"

=*,$&&'=," ('9" ,.*-B('9" +*5=2,2A96" ('9" ,.*-B('9" %-" +*&<*.,'&'=,"*-" ('9" ,.*-B('9"&*,'-.9?"

O*&&'"<*-."('"9-212"@"(;s5'"9+*($2.'"%'"M.'&$56"('",$-H"%'"<'.%-9"%'"1-'".'9,'"4('14"c>j�d"

+'" :-2" <'-," %2&2=-'." ($" <-299$=+'" %'" (;'99$2?" )'"&$=28.'" 92&2($2.'6" ($" +$A42='" $%&2=29,.4'"

<*-."<.41'=2."('9"$<=4'9"%-"=*-1'$-X=4"<.4&$,-.4"('9"<.'&28.'9"9'&$2='9"%'"12'".4%-29$2,"

('" ,$-H" %'" <$.$(092'" +4.4B.$('" '," %'" .',$.%" %'" %41'(*<<'&'=," @" Dw"&*29" c/+7&2%," '," $(?6"

>kD>d6"&$29"+',"'AA',"=;4,$2,"<$9".',.*-14"@"F"$=9"c/+7&2%,"',"$(?6">kD>"�")*0('"',"$(?6">kDE+d?"

)'" A$\*=" 54=4.$('6" ('9" A$+,'-.9" 9*+2$-H" '," '=12.*=='&'=,$-H" 2=A(-'=+'=," 5.$=%'&'=," ('"

%41'(*<<'&'=,"%'" (;'=A$=,"',"<'-1'=,"+*=,.2B-'."@" ($"%2AA2+-(,4"%'"+*=A2.&'." (;'AA',"@" (*=5"

,'.&'"%;-=" ,.$2,'&'=," $%&2=29,.4"<.4+*+'&'=,?" e(" A$-," =4$=&*2=9" .$<<'('." :-'"=2" (;4,-%'"

M.'&$56" =2" !OVm#5/mE" =;$1$2'=," -=" 'AA'+,2A" 9-AA29$=," <*-." %4&*=,.'." -='" %2AA4.'=+'"

925=2A2+$,21'"@">"$=9" 9-." ($"<$.$(092'" +4.4B.$('?" /'-('9" ('9"&4,$X$=$(09'9"%'" (;'=9'&B('"%'9"

'99$29".$=%*&2949"$1$2'=,"&29"'="412%'=+'"-="'AA',"B4=4A2:-'"%-"9-(A$,'"%'"&$5=492-&"9-."

($"9-.12'"9$=9"<$.$(092'"+4.4B.$('?")'"<(-96"-='"%2&2=-,2*="=*="925=2A2+$,21'"%'"($"&*.,$(2,4"$"

4,4"*B9'.14'"@"(;s5'"9+*($2.'"%$=9"('"5.*-<'"&$5=492-&"<$.".$<<*.,"$-"5.*-<'"<($+'B*"cDE�"

1'.9-9" Dw�6" <�k6kwd?" C='" &4,$X$=$(09'" %'9" %'-H" 9-2129" <.*(*=549" $-.$2," <-" <'.&',,.'"

%;$<<*.,'." %'9" .4<*=9'9" 9-<<(4&'=,$2.'96" &$29" (;4,-%'" A.$=\$29'" 9;$<<-0$=," 9-." %'9"

:-'9,2*==$2.'9" <$.'=,$-H" '," (;4,-%'" $-9,.$(2'=='" '," =4*XT4($=%$29'" 9-." %'9" *B9'.1$,2*=9"

%2.'+,'96" 2(" ='" <$.$}," <$9" <*992B('" %'" +*&B2='." (;'=9'&B('" %'9" %*==4'9?" e(" A$-," 45$('&'=,"

9*-(25='." (;$B9'=+'"%;'AA',"%4(4,8.'" .',.*-14"@" (;s5'"9+*($2.'"'="+$9"%;'H<*92,2*="$-"9-(A$,'"

%'"&$5=492-&"@"($"A*29"%$=9"(;'99$2"!OVm#5/mE"',"%$=9"(;'99$2"M.'&$5?"
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! Utilisation du sulfate de magnésium en France et à l’étranger 

G=">kDD6"9'-('&'=,">�"c>DvDk>kd"%'9"=*-1'$-X=49"<.4&$,-.49"$1$=,">i"/!"',"2=+(-9"

%$=9"GMeM!SG">"$1$2'=,"B4=4A2+24"%;-='"$%&2=92,.$,2*="$=,4=$,$('"%'"9-(A$,'"%'"&$5=492-&"

c)25-29,*" '," $(?6" >kDid?" C='" '=:-I,'" '-.*<4'=='" .4+'=,'" .4$(294'" %$=9" DD" <$09" '," DDz"

&$,'.=2,49" $" &29" '=" 412%'=+'" :-'" (;-,2(29$,2*=" %'" 9-(A$,'" %'" &$5=492-&" @" 1294'"

='-.*<.*,'+,.2+'"$1$=,"j>"/!"='"+*=+'.=$2,":-'">j�"%'9"+'=,.'9"2=,'..*549"ci�"%'"&$=28.'"

909,4&$,2:-'" '," Df�" %'"&$=28.'" *++$92*=='(('d" cr*(A" '," $(?6" >kDid?" G=" >kDF6" =*-9" $1*=9"

&'=4"-='"'=:-I,'"%;-,2(29$,2*="%-"9-(A$,'"%'"&$5=492-&"@"1294'"='-.*<.*,'+,.2+'"%$=9"('9"

&$,'.=2,49"%'"=21'$-"j"'="U.$=+'"cO7*(($,"',"$(?6"$.(8*%--(e"!=='H'"Dd?"/*2H$=,'"<*-."+'=,"%'9"

&$,'.=2,49" -,2(29$2'=," ('" 9-(A$,'" %'" &$5=492-&" @" 1294'" ='-.*<.*,'+,.2+'?" ]'9" <.*,*+*('9"

-,2(2949"4,$2'=,"74,4.*58='96"=*,$&&'=,"$-"=21'$-"%'9",'.&'9"(2&2,'9"%;-,2(29$,2*="cj�"�>w"

/!6" iD�" �jj" /!6" Dw�" �jE" /!" '," w�" �" jF" /!d?" u-$,.'X12=5,X9'<," <*-." +'=," %'9" +'=,.'9"

$%&2=29,.$2'=,"-='"%'-H28&'"+-.'"92"B'9*2="',"z>�"%'9"&$,'.=2,49"2=,'..*54'9"-,2(29$2'=,"-="

<.*,*+*('" $1'+" -='" %*9'" %'" +7$.5'" %'" E" 5.$&&'9" 9-212'" %;-='" %*9'" %;'=,.',2'=" %'" D"

5.$&&'" <$." 7'-.'" <'=%$=," D>" 7'-.'9" $-" &$H2&-&?" O',,'" '=:-I,'" $" '-" (2'-" $1$=," ('9"

=*-1'(('9" .'+*&&$=%$,2*=9" A.$=\$29'9" %'" >kDi?" G=" 'AA',6" ('" O*((85'" Q$,2*=$(" %'9"

S0=4+*(*5-'9" mB9,4,.2+2'=9" U.$=\$29" .'+*&&$=%'" %'<-29" &$.9" >kDi" (;$%&2=29,.$,2*=" %'"

9-(A$,'"%'"&$5=492-&"'="+$9"%'"&'=$+'"%;$++*-+7'&'=,"<.4&$,-.4"$1$=,"j>"/!"cS.$%'"!d"

c/'=,2(7'9"',"$(?6">kDid?"Q*-9"<*-1*=9"<'=9'.":-'"($"<-B(2+$,2*="%'",'(('9".'+*&&$=%$,2*=9"

<'.&',,.$"-='"<(-9"($.5'"-,2(29$,2*="%-"9-(A$,'"%'"&$5=492-&"%$=9"('9"&$,'.=2,49"A.$=\$29'9?"

!1$=," ($" <-B(2+$,2*=" %'9" .'+*&&$=%$,2*=9" A.$=\$29'96" %'9" 9*+24,49" 9$1$=,'9"

=$,2*=$('9" $1$2'=," .'+*&&$=%4" @" <$.,2." %'" >kDk" (;-,2(29$,2*=" %-" 9-(A$,'" %'" &$5=492-&" @"

1294'"='-.*<.*,'+,.2+'6"=*,$&&'=,"$-H"G,$,9XC=296"'="!-9,.$(2'"',"'="Q*-1'(('XZ4($=%'6"'="

R'(52:-'6" '=" e.($=%'6" '=" !=5(','..'" '," $-" O$=$%$" c!&'.2+$=" O*(('5'" *A" mB9,',.2+2$=9" $=%"

S0='+*(*529,9" O*&&2,,''" *=" mB9,',.2+" M.$+,2+'" $=%" /*+2',0" A*." #$,'.=$(XU',$(" #'%2+2='6"

>kDk" <?EFF" �" !=,'=$,$("#$5='92-&" /-(<7$,'" A*." Q'-.*<.*,'+,2*=" S-2%'(2='" )'1'(*<&'=,"

M$='("',"$(?6">kDk"�"#$5''"',"$(?6">kDD"�"K*0$("O*(('5'"*A"M7092+2$=9"*A"e.'($=%6">kDj"�"R'(52$="

Y'$(,7"O$.'"_=*`('%5'"O'=,.'6">kDE"�"!&'.2+$="O*(('5'"*A"mB9,',.2+2$=9"$=%"S0='+*(*529,9"

$=%"/*+2',0"A*."#$,'.=$(XU',$("#'%2+2='6">kDF"�"Q$,2*=$("O*(($B*.$,2=5"O'=,.'"A*."r*&'=;9"

$=%"O72(%.'=;9"Y'$(,7"cC_d6">kDFd?"]'9"&*%$(2,49"%;$%&2=29,.$,2*="1$.2'=,"9'(*=" ('9"<$09"'="
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+'":-2"+*=+'.='"('",'.&'"&$H2&$("%;-,2(29$,2*="c%'">z�f"/!"@"jj�f"/!d6"($"%-.4'"%'"($"%*9'"

%;'=,.',2'=" c%'" D>" @" >E" 7'-.'9d" '," ($" <*992B2(2,4" %;-='" %'-H28&'" +-.'" c9'-('9" ('9"

.'+*&&$=%$,2*=9"$-9,.$(2'=='96"=4*T4($=%$29'9"',"2.($=%$29'9"41*:-'=,"($"<*992B2(2,4"%;-='"

+-.'"9-<<(4&'=,$2.'d?"G=A2=6"('9".'+*&&$=%$,2*=9"$&4.2+$2='9"='"<.4+29'=,"<$9"%'"&*%$(2,4"

9<4+2A2:-'"',"($299'=,"('"<.'9+.2<,'-."9'".4A4.'."$-H"'99$29"<-B(249"%$=9"($"(2,,4.$,-.'"cV$B('$-"

Fd?"

!

+
O('%+8%$+

"%-*77(&8(')*&$+

Q%"7%+

7(0)7/7+

89/')4)$(')*&+

6IP:+

O*$%+8%+

-.("1%+

61"(77%:+

O*$%+89%&'"%')%&++ G27%+-/"%+

P/$'"(4)%+%'+

L*/=%44%?

W#4(&8%+

>kDk" >z�f" E"
D"5.$&&'v"7'-.'"
<'=%$=,">E"7'-.'9"

M*992B('"

X%41)H/%+ >kDE" jD�f" E"
D"5.$&&'v"7'-.'"
<'=%$=,">E"7'-.'9"

Q*="<.4+294"

3(&(8(+ >kDD" jD�f" E"
D"5.$&&'v7'-.'"
<'=%$=,">E"7'-.'9"

Q*="<.4+294"

Y"(&-%+ >kDi" jD�f" E"
D"5.$&&'v"7'-.'"
<'=%$=,"D>"7'-.'9"

Q*="<.4+294"

Z"4(&8%+ >kDj" jD�f" E" D"5.$&&'v7'-.'" M*992B('"

R*C(/7%?[&)+ >kDF"
>z�f"1*2.'"

jj�f"
E"

D"5.$&&'v"7'-.'"
<'=%$=,"D>"7'-.'9"

Q*="<.4+294"

@'('$?[&)$+ >kDk" #*%$(2,49"%;$%&2=29,.$,2*="'="A*=+,2*="%'9"'99$29".$=%*&2949"+*=,.P(49"

$?UPH?E! 5!I! Protocoles d’administration du sulfate de magnésium à visée neuroprotectrice selon les 

recommandations nationales 

!

! Effet-dose du sulfate de magnésium sur le cerveau immature 

]$" %*9'" *<,2&$('" %'" 9-(A$,'" %'" &$5=492-&" =4+'99$2.'" <*-." *B,'=2." -=" 'AA',"

='-.*<.*,'+,'-." =;'9," <$9" '=+*.'" +($2.'&'=," %4A2=2'?" /;2(" =;'H29,'" <$9" %;'99$2" +(2=2:-'"

+*&<$.$=," (;'AA2+$+2,4" %'" %2AA4.'=,'9" %*9'9" %'" 9-(A$,'" %'" &$5=492-&" $%&2=29,.4" +7'T" ($"

<$.,-.2'=,'6" ('9" .'+*&&$=%$,2*=9" 2=,'.=$,2*=$('9" $+,-'(('9" 9'&B('=," 9;$++*.%'." 9-."

(;-,2(29$,2*=" %;-=" <.*,*+*('" 'H+(-$=," (;$%&2=29,.$,2*=" %'" A*.,'9" %*9'9?" G=" 54=4.$(6" ('9"

<.*,*+*('9" <.*<*949" +7'T" (;Y*&&'" +*&<.'=='=," -='" %*9'" %'" +7$.5'" %'" E" 5.$&&'9" %'"

9-(A$,'" %'"&$5=492-&" 9-212'" %;-='" %*9'" %;'=,.',2'=" %'" D" 5.$&&'" <$." 7'-.'" <'=%$=," D>"

7'-.'96" 9*2," Df" 5.$&&'9" $-" &$H2&-&?" )'9" 'AA',9" 2=%492.$B('9" @" ,0<'" %'" 1$9+-(*<$,72'"

('=,2+-(*9,.24'"*=,"4,4"%4+.2,9"+7'T"('"=*-1'$-X=4"'="+$9"%;$%&2=29,.$,2*="%'"A*.,'9"%*9'9"%'"

9-(A$,'" %'" &$5=492-&" c'=12.*=" Fk" 5.$&&'9" %'" 9-(A$,'" %'" &$5=492-&" '=" %*9'" +-&-(4'"

c#2,,'=%*.A" '," $(?6" >kkF6" >kkf" �" 3$+:-'&0=" '," $(?6" >kDFdd?" !A2=" %;'H<(*.'." (;'AA',X%*9'" %-"

9-(A$,'" %'" &$5=492-&6" =*-9" $1*=9" 41$(-4" $-" ($B*.$,*2.'" %2AA4.'=,'9" <*9*(*52'9" %'"
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&$5=492-&" '," ('-.9" 'AA',9" 9-." ($" ='-.*<.*,'+,2*=" '," 9-." ($" 1$9+-($.29$,2*=" +4.4B.$('" %-"

9*-.2+'$-?" ];'AA'," %-" 9-(A$,'" %'" &$5=492-&" 9-." (;74&*%0=$&2:-'" +4.4B.$('" %'9" Aq,-9"

7-&$2=9" $" 4,4" 45$('&'=," *B9'.14" c]'+-0'." '," $(?6" >kDi"�" !=='H'" >d?" Q*-9" $1*=9" &29" '="

412%'=+'"+7'T"($"/*-.29":-'"('"9-(A$,'"%'"&$5=492-&"'H'.\$2,"-="'AA',"='-.*<.*,'+,'-."$1'+"

%'9"A$2B('9"',"%'9"A*.,'9"%*9'9?"G=".'1$=+7'"-="'AA',"%*9'X%4<'=%$=,"9-." ($"1$9+-($.29$,2*="

+4.4B.$('"$"4,4"%4&*=,.4?"!"A*.,'"%*9'6"('"9-(A$,'"%'"&$5=492-&"9'&B($2,"I,.'".'9<*=9$B('"

%;70<*<'.A-92*=" +4.4B.$('6" %;$(,4.$,2*=" %'" ($" 12$B2(2,4" '=%*,74(2$('" '," %'" (;$=52*5'=89'"

+*.,2+$('?"]'9"$=*&$(2'9"%'"($"<'.A-92*="+4.4B.$('"*B9'.14'9"+7'T"($"/*-.29"=*-9"*=,"2=+2,4"@"

41$(-'." (;74&*%0=$&2:-'" Aq,$('" +7'T" (;Y*&&'"$-"=21'$-" +4.4B.$(6" $<.89" (;2=N'+,2*="%'" ($"

%*9'"%'"+7$.5'"%'"E"5.$&&'9"%'"9-(A$,'"%'"&$5=492-&6"9*2,"-='"A$2B('"%*9'?"O'9",.$1$-H"%'"

.'+7'.+7'"+(2=2:-'"*=,"4,4"&'=49"$-"OYC"%'"K*-'=?"]'"B*(-9"%'"9-(A$,'"%'"&$5=492-&"='"

&*%2A2$2," <$9" ('9" <$.$&8,.'9" 74&*%0=$&2:-'9" $-" =21'$-" %'" ($" +2.+-($,2*=" +4.4B.$('" %-"

Aq,-9?" O'" ,.$1$2(" ,.$=91'.9$(" 9'&B('" +*=A*.,'." ('" +7*2H" %'" <.*,*+*('9" %;$%&2=29,.$,2*=" %'"

A$2B('9"%*9'9"%'"9-(A$,'"%'"&$5=492-&"<*-."($"='-.*<.*,'+,2*="%-"Aq,-9?!

! Perspectives 

/2"(;'AA',"B4=4A2:-'"%-"9-(A$,'"%'"&$5=492-&"$%&2=29,.4"'="<4.2*%'"$=,4=$,$('"9-."('"

+'.1'$-" %'9" =*-1'$-X=49" '9," %4&*=,.46" +'.,$2=9" $9<'+,9" .'9,'=," ,*-,'A*29" @" <.4+29'.?" ]$"

%*9'"*<,2&$('"%'"9-(A$,'"%'"&$5=492-&"@"$%&2=29,.'.6"(;2=,4.I,"%;-='"%*9'"%'"+7$.5'"-=2:-'"

*-".4<4,4'6"*-"+'(-2"%;-='"%*9'"%;'=,.',2'=6" ($"<*992B2(2,4"%;-='"%'-H28&'"+-.'6" (;2=,'.1$(('"

2=,'.X+-.'6" (;'H29,'=+'"%;-='"A'=I,.'",74.$<'-,2:-'"%;-,2(29$,2*="*-" (;s5'"5'9,$,2*=='(" (2&2,'"

%;2=N'+,2*="='"9*=,"<$9"'=+*.'"B2'="%4A2=29?")'"&I&'6" (;'AA2+$+2,4"%-"9-(A$,'"%'"&$5=492-&"

'=" A*=+,2*=" %'" (;4,2*(*52'" %'" ($" <.4&$,-.2,4" %*2," I,.'" <.4+294'?" ]'9" .49-(,$,9" %;-='"&4,$X

$=$(09'"%'9"%*==4'9" 2=%212%-'(('9"%'9"<$,2'=,9" cQ.;$@$;,34( :3&$%.&(P3&3(A%&3N3.34'-$-C(%'9"

+2=:"'99$29" .$=%*&2949"+*=,.P(49"'H29,$=,96" .4$(294'"$+,-'(('&'=,"<$." ('"5.*-<'"!#eO!R]G6"

$<<*.,'.*=,"<.*B$B('&'=,"%'9"4(4&'=,9"%'".4<*=9'"c!#eO!R]G"S.*-<6">kD>d?""

M$." $2(('-.96" -='" 4,-%'" 'H<*949v=*=" 'H<*949" $-" 9-(A$,'" %'" &$5=492-&" %$=9" ($"

+*7*.,'"GMeM!SG">"'9,"'="<.*N',?"G=A2="-='"$=$(09'"%'" ($"&*.<7*(*52'"+4.4B.$('"@" (;s5'"%-"

,'.&'"+*..254"%;'=A$=,9"<.4&$,-.49"$"4,4" .4$(294'" 9-."-=" 9*-9X4+7$=,2((*="%;'=A$=,9" 2=+(-9"

%$=9"(;4,-%'"GMeM!SG">"c<.*N',"+*&<(4&'=,$2.'"GMeK#G�d?"Q*-9"<.*N',*=9"%'"+*&<$.'."('9"
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2&$5'.2'9"+4.4B.$('9"%;'=A$=,9"'H<*949"'="$=,4=$,$("$-"&$5=492-&"@"-="5.*-<'"%;'=A$=,9"

=*="'H<*949?"

" "
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""!.ZZHD! LHEAK@AKDHRDHEA! ME! ABCFZHLD?LFP! M?LJ! EL!CKMXPH! CEAFL! MH!

PBJFKL!HNRFDKDKNFWEH!LBKL?D?PH!

];2&<$+,"%'9"$5'=,9"$='9,7492:-'96"=*,$&&'=,"%'9"&*.<72=2:-'96"9-."('"+'.1'$-"'="

%41'(*<<'&'=," '9," %4B$,,-" '," +*=,.*1'.94" %'<-29" ('9" $==4'9" >kkk" c!=$=%" '," $(?6" Dzzz" �"

3'1,*12+XV*%*.*12+" '," $(?6" >kkjd?" O7'T" ('" <.4&$,-.46" (;'H<*92,2*=" $-H" $='9,7492:-'9" '9,"

A.4:-'=,'"^" $C" '=" <4.2*%'" $=,4=$,$('" '=" +$9" %;$='9,7492'" 54=4.$('" &$,'.='(('" +$." ('9"

$='9,7492:-'9" A.$=+7299'=," ($" B$..28.'" <($+'=,$2.'" c]$-%'=B$+7" '," $(?6" >kkz" �" Y''9'=" ',"

_(2&'J6">kDfd6" $$C"'="<4.2*%'"<*9,X=$,$('" (*.9"%'" (;7*9<2,$(29$,2*="'=".4$=2&$,2*="=4*=$,$('"

*-"'="9*2=9"2=,'=92A9"=4*=$,$-H"%$=9"('"+$%.'"%'"($"<.29'"'="+7$.5'"%'"($"%*-('-."cO$.B$N$("',"

$(?6">kDFd?"M$.&2"('9"&*.<72=2:-'9"%29<*=2B('96"('".4&2A'=,$=2("9'&B('"I,.'"-="B*="+$=%2%$,"

<*-."-='"-,2(29$,2*="=4*=$,$('6"+*&<,'",'=-"%'"9'9"<.*<.24,49"<7$.&$+*+2=4,2:-'9"cM'=2%*"

'," $(?6" >kDk" �" _$&$,$"'," V*B2$96" >kDfd?" /*="-,2(29$,2*=" +7'T" ('"=*-1'$-X=4"<.4&$,-.4"*-"@"

,'.&'" $" 4,4" <.*<*94'" <*-." ($" <.29'" '=" +7$.5'" %'" ($" %*-('-." $25�'" (*.9" %'" 5'9,'9" 2=1$92A9"

+*&&'" -='" 2=,-B$,2*=" '=%*,.$+74$('6" (;$%&2=29,.$,2*=" %'" 9-.A$+,$=," <$." &4,7*%'" &2=2X

2=1$921'"*-"($"<*9'"%'"+$,74,'."+'=,.$("c]$5*"',"$(?6">kkw"�"r'(T2=5"',"$(?6">kkz"�"O7**=5"',"

$(?6" >kDk" �" Q*.&$=" '," $(?6" >kDD" �" !12=*" '," $(?6" >kDEd?" ]'" .4&2A'=,$=2(" <'-," 45$('&'=," I,.'"

-,2(294"'="$%&2=29,.$,2*="+*=,2=-'"<'=%$=,"%'9"<4.2*%'9"<(-9"<.*(*=54'96"(*.9"%;2=,'.1'=,2*=9"

+72.-.52+$('9" cS$(2=J2=" '," $(?6" >kkDd" *-" <*-." (;$=$(5492'" '=" +$9" %'" 1'=,2($,2*=" ,.$+74$('" '="

.4$=2&$,2*=" =4*=$,$('" cr'(T2=5" '," $(?6" >kD>d?" ];2&<$+," %'" +'"&*.<72=2:-'" 9-." ('" +'.1'$-"

2&&$,-.'"=;$1$2,"<$9"'=+*.'"4,4"41$(-4"N-9:-;@"=*9"<.'&2'.9",.$1$-H"'=">kDE?"Q*-9"$12*=9"

%4&*=,.4"%J(@$@"":-'"('".4&2A'=,$=2("'H'.\$2,"-='"$+,2*="$=,2X$<*<,*,2:-'"9-."('"+'.1'$-"%'"

9*-.2+'$-"@"M>6"2&<(2:-$=,"($"1*2'"2=,.2=98:-'"%'"(;$<*<,*9'?"O',"'AA',"9'&B($2,"2&<(2:-'."($"

9*-9X-=2,4" S(-Q>R" %-" .4+'<,'-." Q#)!" cV*-..'(" '," $(?6" >kDEd?" ]'" <*,'=,2'(" 'AA',"

='-.*<.*,'+,'-." %-" .4&2A'=,$=2(" &29" '=" 412%'=+'" %$=9" ('"&*%8('" %J( @$@"" =*-9" $" 2=+2,4" @"

41$(-'."$.(@$@""(;2&<$+,"%-"&*.<72=2:-'"'="+*=,'H,'"(492*=='(?"]'9"(492*=9"+4.4B.$('9"2=%-2,'9"

*=,"4,4"*B,'=-'9"<$."$%&2=29,.$,2*="2=,.$+*.,2+$('"%;2B*,4=$,'6"$5*=29,'"5(-,$&$,'.52:-'6"@"

M>"+7'T"('"9*-.2+'$-?"]'9"(492*=9"*B,'=-'9"<$."+'"&*%8('"9*=,"+*&<$.$B('9"$-H"<*,'=,2'(('9"

(492*=9"+4.4B.$('9"%'" ,0<'" ('-+*&$($+2'"<4.21'=,.2+-($2.'"%-"<.4&$,-.4"@">E"/!" c#$..',"',"

$(?6"DzzF$6"Dzzw" �"g*(<'6">kkzd?"!<.89"-='"&29'"$-"<*2=,"%-"&*%8('6"=*-9"$1*=9"41$(-4" ($"

<.*%-+,2*=" +4.4B.$('" %'9" %4.2149" .4$+,2A9" %'" (;*H058='" c*%3#&$@%( "J'6%.( -8%#$%-6" Km/d6" ($"
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&*.," +'((-($2.'6" (;$9,.*5(2*9'" '," ($" ,$2(('" %'" ($" (492*=" 2=%-2,'" <$." (;2B*,4=$,'6" $<.89"

$%&2=29,.$,2*=" 2=,.$<4.2,*=4$('" %'" .4&2A'=,$=2(" *-" %'" 94.-&" <7092*(*52:-'?" )'9" ,'9,9"

+*&<*.,'&'=,$-H"*=,"45$('&'=,"4,4".4$(2949"N-9:-;@"MDw?"

! Quelle est la posologie de rémifentanil à administrer chez le souriceau ? 

O7'T" (;Y*&&'6" (;$=$(5492'" <$." .4&2A'=,$=2(" '9," 54=4.$('&'=," *B,'=-'"<$." ,2,.$,2*="

cB*(-9"%'"D"@"j"~5vJ5"<$."1*2'"2=,.$1'2='-9'6".4<4,49"92"B'9*2=d?"G="+$9"%'"=4+'992,4"%;$=$(5492'"

<.*(*=54'6"-='"%*9'"%;'=,.',2'="+*=,2=-'"<'-,XI,.'"%4B-,4'"ck6F"@"D"~5vJ5v&2=d" cR�.J('"',"$(?6"

Dzzfd?"O7'T"($"/*-.29"$%-(,'6"('9"<.*,*+*('9"%'".'+7'.+7'"-,2(29'=,"%'9"<*9*(*52'9"1$.2$=,"%'"Ek"@"

wk" ~5vJ56" <$." 1*2'" 2=,.$1'2='-9'" cZ*=5T'" '," $(?6" >kDk" �" /'*" '," $(?6" >kDid?" O*&<,'" ,'=-" %'9"

<$.,2+-($.2,49" <7092*(*52:-'9" %-" 9*-.2+'$-" @" M>" '," %'" (;2&<*992B2(2,4" ,'+7=2:-'" %'" (;$B*.%"

2=,.$1'2='-H" @" +'," s5'6" ($" <.'&28.'" <$.,2'" %-" ,.$1$2(" $" +*=929,4" @" %4A2=2." -='" <*9*(*52'" %'"

.4&2A'=,$=2("<'.&',,$=,"-='"$=$(5492'"%-"9*-.2+'$-"+*&<$.$B('"@"+'(('"*B,'=-'"+7'T"(;Y*&&'6"

'="$%&2=29,.$=," ('"&*.<72=2:-'"<$."1*2'" 2=,.$<4.2,*=4$('?" ];'AA',"%-"&*.<72=2:-'"$"4,4"41$(-4"

<*-.",.*29"<*9*(*52'9"%2AA4.'=,'9"cFk6">Fk"',"Fkk"~5vJ5d"<$."-=",'9,"%'".',*-.='&'=,?"]$"%*9'"%'"

Fkk" ~5vJ5" $" 4,4" .','=-'" +$." '(('" <'.&',,$2," -='" $='9,7492'" <(-9" 'AA2+$+'" Dk"&2=-,'9" $<.89" ($"

%'.=28.'"2=N'+,2*=6"9$=9"9-.&*.,$(2,46"',"$1'+"-=".',*-."@"-="+*&<*.,'&'=,"=*.&$("@"jk"&2=-,'9?"

];'AA',"94%$,2A"='"%2AA4.$2,"<$9"9'(*="('"9'H'"c%*==4'9"=*="<.49'=,4'9d?"]'"%*9$5'"<($9&$,2:-'"%-"

.4&2A'=,$=2("41$(-4"@"Dk"=&*(v]"%$=9"=*,.'"4,-%'"$" +*=A*.,4" +'" +7*2H" +$." 2(" +*..'9<*=%$2,"$-H"

,$-H"<($9&$,2:-'9"&'9-.49"+7'T"(;Y*&&'6"'="<4%2$,.2'"cDk"@"Dkk"=&*(v]6"cK*99"',"$(?6">kkDdd?"]$"

<*9*(*52'" -,2(294'" %$=9" =*,.'" 4,-%'" <'-," 9'&B('." ,.89" 4('14'" c'=12.*=" Dkk" A*29" ($" <*9*(*52'"

$%&2=29,.4'" +7'T" (;Y*&&'6" f" @" D>" A*29" ($" <*9*(*52'" -,2(294'" +7'T" ($" /*-.29" $%-(,'d?" ]$" 1*2'"

%;$%&2=29,.$,2*=6"($"%2AA4.'=+'"%'"&4,$B*(29&'"'=,.'"('"9*-.2+'$-"',"($"/*-.29"$%-(,'"',"'=,.'"($"

/*-.29" '," (;Y*&&'" <'-1'=," 'H<(2:-'." ($" =4+'992,4" %;-,2(29'." %'9" %*9'9" 4('14'9" %$=9" =*,.'"

&*%8('?"M$."$2(('-.96"%$=9"B'$-+*-<"%;'H<4.2&'=,$,2*=9"+7'T"($"/*-.29"$%-(,'6"('".4&2A'=,$=2("'9,"

$99*+24"@"-='"B'=T*%2$T4<2='"*-"-="5$T"7$(*54=46"<'.&',,$=,"-="'AA'," 90='.52:-'"%'9"$5'=,9"

$='9,7492:-'9"',"'=,.$}=$=,"-='"<.*B$B('"4<$.5='"&*.<72=2:-'?"G=A2=6"2("'9,"7$B2,-'("%'"%'1*2."

-,2(29'." %'9" %*9'9" 9-<4.2'-.'9" %;$='9,7492:-'9" +7'T" (;!=2&$(" <$." .$<<*.," @" (;Y*&&'6" +*&&'"

<*-."($"J4,$&2='"cDk"A*29"($"%*9'"-,2(294'"+7'T"(;Y*&&'6"c]'+*2=,.'"',"$(?6">kDFdd"*-"('"&2%$T*($&"

cjk"A*29"($"%*9'"-,2(294'"+7'T"(;Y*&&'6"cb*-=5"',"$(?6">kkFdd?"

" "
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! Impact du rémifentanil sur la survie du souriceau 

]$" &*.,$(2,4" %'9" 9*-.2+'$-H" %$=9" =*9" ,.$1$-H" <'-," I,.'" 'H<(2:-4'" %;-='" <$.," <$."

(;2=N'+,2*=" 2=,.$+4.4B.$('" %;2B*,4=$,'" '(('X&I&'6" <*-1$=," '=,.$}='." %'9" (492*=9"

74&*..$52:-'9" 2=,.$+.s=2'=='9" '=,.$}=$=," ('" %4+896" *-" %;$-,.'" <$.," <$." (;2=N'+,2*="

2=,.$<4.2,*=4$('" <*-1$=," +$-9'." -='" 74&*..$52'" %25'9,21'" <*,'=,2'(('&'=," (4,$('?"

];$%&2=29,.$,2*="%'"&*.<72=2:-'"<*-..$2,"45$('&'=,",74*.2:-'&'=,"$-5&'=,'."($"&*.,$(2,4"

<$." ($" 9-.1'=-'" %'" ,.*-B('9" .'9<2.$,*2.'9" c$<=4'96" B.$%0<=4'9d6" *-" <$." -=" %4A$-,"

%;$(2&'=,$,2*="%'9"9*-.2+'$-H"+$-94"<$."-='"94%$,2*="'H+'9921'?"G=A2=6" ($"&$=2<-($,2*="%'9"

$=2&$-H"<*-..$2,"$-992"'=,.$1'."($".'($,2*="%-"9*-.2+'$-"$1'+"9$"&8.'6"'=,.$}=$=,"$-"A2=$("($"

&*.," %-" .*=5'-." =*-1'$-X=4" c%4A$-," %;$(($2,'&'=," <$." 'H'&<('d?" )$=9" =*,.'" 4,-%'6"

(;'H<*92,2*="$-".4&2A'=,$=2("4,$2,"$99*+24'"@"-='"9-.12'"925=2A2+$,21'&'=,"$&4(2*.4'"F"7'-.'9"

$<.89" ($" (492*=" cwD�" <*-." ('" 5.*-<'" +*=,.P('" @%*-,-" zi�" <*-." ('" 5.*-<'" .4&2A'=,$=2(6" 8(

�k6kDd?"O',"'AA',"4,$2,"<.49'=,"+7'T"('9"&s('9"cif�"<*-."('"5.*-<'"+*=,.P('"@%*-,-"Dkk�"<*-."

('"5.*-<'".4&2A'=,$=2(6"8�k6kDd6"$(*.9":-'"+7'T"('9"A'&'(('9"(;'AA',"=;4,$2,"<$9"9,$,29,2:-'&'=,"

925=2A2+$,2A" cwF�"<*-." ('" 5.*-<'" +*=,.P('" @%*-,-" zE�"<*-." ('" 5.*-<'" .4&2A'=,$=2(6"8" k6Ejd?"

O2=:" N*-.9" $<.89" ($" (492*=6" ($" 9-.12'" %'9" 5.*-<'9" <($+'B*" '," .4&2A'=,$=2(" =;4,$2," <$9"

925=2A2+$,21'&'=," %2AA4.'=,'6" &I&'" 9;2(" 'H29,$2," -='" ,'=%$=+'" 1'.9" -='" $&4(2*.$,2*=" %'" ($"

9-.12'"%$=9"('"5.*-<'"'H<*94"$-"&*.<72=2:-'6"<$.,2+-(28.'&'=,"+7'T"('9"&s('9"cwj�"<*-."('"

5.*-<'"+*=,.P('"@%*-,-"zD�"<*-."('"5.*-<'".4&2A'=,$=2(6"8"k6jd?"];'H<*92,2*="$-".4&2A'=,$=2("

9'&B($2,"%*=+"$&4(2*.'."($"9-.12'"%'9"9*-.2+'$-H"F"7'-.'9"$<.89"($"(492*=6"',"=;'=,.$}=$2,"<$9"

%'"9-.&*.,$(2,4"F" N*-.9"$<.89?" ]'9"&s('9"<.49'=,$2'=,"-='"&*.,$(2,4" 9-<4.2'-.'"@"+'(('"%'9"

A'&'(('9"%$=9" ('" 5.*-<'"<($+'B*" cF"7'-.'9" $<.89" ($" (492*=6" ($" 9-.12'" 4,$2," %'"if�"<*-." ('9"

&s('9"@%*-,-"wF�"<*-."('9"A'&'(('96"',"F"N*-.9"$<.89"($"(492*=6"($"9-.12'"4,$2,"%'"wj�"<*-."('9"

&s('9" @%*-,-" zk�"<*-." ('9" A'&'(('9d?" ]$" 9-.&*.,$(2,4" (24'" $-" 9'H'"&$9+-(2=" '9," 45$('&'=,"

*B9'.14'" +7'T" ('" <.4&$,-.4" 7-&$2=" c_'=," '," $(?6" >kD>" �" M'$+*+J" '," $(?6" >kD>" �" K*0" '," $(?6"

>kDEd?" ];'AA'," %-" .4&2A'=,$=2(" 9-." ($" 9-.12'" <*-..$2," 9;'H<(2:-'." '=" <$.,2'" <$." 9*=" 'AA',"

<.*,'+,'-." 9-." ($" ,$2(('" %'" ($" (492*=" 2=%-2,'" <$." (;2B*,4=$,'?" C='" $='9,7492'" <.4+4%$=,"

(;$%&2=29,.$,2*=" %;2B*,4=$,'" <*-..$2," 45$('&'=," $&4(2*.'." ('" %'1'=2." %-" 9*-.2+'$-6"

=*,$&&'=," +$." (*.9"%'" ($"<.*+4%-.'"%;2=N'+,2*=6" (;$=2&$(" '9," '=%*.&2"',"%*=+"&*2=9" $52,4"

:-'" ('" 9*-.2+'$-" =*=" 94%$,4?" ];'AA'," %-" .4&2A'=,$=2(" 9-." ($" 9-.12'" %'9" 9*-.2+'$-H" '9,"
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<.*B$B('&'=," %;*.252='"&-(,2A$+,*.2'(('" '," ('9"&4+$=29&'9" ='" 9*=," <$9" '=+*.'" +($2.'&'=,"

4,$B(29?"

! Effets du rémifentanil sur les paramètres cardio-respiratoires du 

souriceau : impacts potentiels sur le cerveau immature. 

]'9"B.$%0<=4'96"('9"$<=4'96"('9"B.$%0+$.%2'9"',"('9"70<*,'=92*=9"$.,4.2'(('9"9*=,"%'9"

'AA',9" 2=%492.$B('9" *B9'.149" 7$B2,-'(('&'=," +7'T" (;Y*&&'" $<.89" -='" $%&2=29,.$,2*=" %'"

&*.<72=2:-'6" =*,$&&'=," %'" .4&2A'=,$=2(" cO7$=$1$T" '," $(?6" >kkFd?" )$=9" =*,.'" 4,-%'6" ($"

A.4:-'=+'".'9<2.$,*2.'6"($"A.4:-'=+'"+$.%2$:-'"',"('9"5$T"%-"9$=5"*=,"4,4"&*=2,*.49"(*.9"%'"

(;'H<*92,2*=" $-" .4&2A'=,$=2(?" ]'"&*=2,*.$5'" %'" ($" 9$,-.$,2*=" '=" *H058='" '," %'" ($" <.'992*="

$.,4.2'(('" =;$" <-" I,.'" .4$(294" +*&<,'" ,'=-" %'9" %2AA2+-(,49" ,'+7=2:-'9" .'=+*=,.4'9" +7'T" -="

9*-.2+'$-"@"M>6"<'9$=,"'="&*0'=='">"5.$&&'9?")$=9"('"5.*-<'".4&2A'=,$=2(6"2("$"4,4"*B9'.14"

-='"$-5&'=,$,2*="925=2A2+$,21'"%'"($"+$<=2'6"$99*+24'"@"-='"%2&2=-,2*="=*="925=2A2+$,21'"%'"($"

<.'992*="<$.,2'(('"'="*H058='?"O',,'"&*%2A2+$,2*="%'9"<$.$&8,.'9"1'=,2($,*2.'9"'9," ('" .'A(',"

%;-='"70<*1'=,2($,2*="$(14*($2.'"+*=94+-,21'"@"-='"%2&2=-,2*="%'" ($"A.4:-'=+'".'9<2.$,*2.'"

2=%-2,'" <$." ('" &*.<72=2:-'?" O7'T" ('" <.4&$,-.46" (;70<*H4&2'" <.*(*=54'" '9," $99*+24'" @" -="

%'1'=2."='-.*(*52:-'"$(,4.4"',"@"-='"9-.&*.,$(2,4"c3$=12'."',"$(?6">kkE"�"M*',9"',"$(?6">kDF"�"

!9J2'" '," $(?6" >kDid?" u-*2:-'" +*=,.*1'.94'" cm&'." '," #*((*06" >kDid6" (;70<'.+$<=2'"

W"<'.&29921'"["'9,"2=+.2&2=4'"%$=9"($"9-.1'=-'"%'",.*-B('9"='-.*(*52:-'9"+7'T"('"<.4&$,-.4"

cU$B.'9"',"$(?6">kki"�"!&B$($1$=$="',"$(?6">kDF"�"V7*&'"',"$(?6">kDF6">kDid?"O7'T"('".*=5'-."

2&&$,-.'6"-='"70<'.+$<=2'"cfkXik"&&"Y5d"'=,.$}='"-='"&*.,"+'((-($2.'"+4.4B.$('"$99*+24'"@"

-='" %454=4.'9+'=+'" 1$9+-($2.'" +*.,2+$('" c)$9" '," $(?6" >kkz" �" Y*=*.4" '," $(?6" >kDkd?" )$=9" -="

&*%8('"%;70<*H*X29+74&2'"+7'T" ('"K$,6"-='"70<'.+$<=2'"&*%4.4'"cFF"&&"Y5d"=;'=,.$}=$2,"

<$9" %'"&$N*.$,2*="%'9" (492*=9" +4.4B.$('9" <$." .$<<*.," @" -='"=*.&*+$<=2'" cjw"&&"Y5d?" G="

.'1$=+7'6"-='"70<'.+$<=2'"cDkk"&&"Y5d"*-"-='"70<*+$<=2'"c>f"&&"Y5d"9418.'9"&$N*.$2'=,"

('9" (492*=9" +4.4B.$('9" cg$==-++2" '," $(?6" DzzF6" >kkDd?" )$=9" =*,.'" &*%8('6" (;2&<$+," %'"

(;4(41$,2*=" %'" ($" +$<=2'" %$=9" ('" 5.*-<'" .4&2A'=,$=2(" <$." .$<<*.," $-" 5.*-<'" +*=,.P('" cEF"

@%*-,-" jF" &&" Y56" .'9<'+,21'&'=,d" <$.$}," =45(25'$B('?" G=A2=6" ('9" 9*-.2+'$-H" 'H<*949" $-"

.4&2A'=,$=2(" <.49'=,$2'=," -='" A.4:-'=+'" +$.%2$:-'" %2&2=-4'" <$." .$<<*.," $-" 5.*-<'"

+*=,.P('?" O',,'" %2&2=-,2*=" <'-," I,.'" $99*+24'" @" -='" %2&2=-,2*=" %'" ($" <.'992*=" $.,4.2'(('"

+*&&'"%4+.2,'"+7'T"(;Y*&&'"cO7$=$1$T"',"$(?6">kkFd?"O7'T"('"<.4&$,-.46"-='"70<*,'=92*="
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$.,4.2'(('"&*%4.4'"29*(4'"='"9'&B('"<$9"$1*2."%;2&<$+,"9-."('"%41'(*<<'&'=,"='-.*(*52:-'"

-(,4.2'-."c)'&<9'0"',"$(?6">kkz"�"m;/7'$"',"$(?6">kkz"�"R$..2=5,*=6">kDD"�"!(%'.(2'9,'="',"$(?6"

>kDEd?" !-" .'5$.%" %'" ($" (2,,4.$,-.'6" ('9" 'AA',9" 1'=,2($,*2.'9" '," 74&*%0=$&2:-'9" %-"

.4&2A'=,$=2("%$=9"=*,.'"&*%8('"<*-..$2'=,"I,.'",.89"<'-"%4(4,8.'9"9-."('"+'.1'$-"2&&$,-.'?"

! Impact du rémifentanil sur la mort cellulaire neuronale en cas de lésion 

induite par l’iboténate : effet neuroprotecteur ? 

M*-."+'.,$2=9"$9<'+,96"('9"(492*=9"+4.4B.$('9"2=%-2,'9"<$."(;2B*,4=$,'"+7'T"('"9*-.2+'$-"

9*=," +*&<$.$B('9"$-H" (492*=9"*B9'.14'9" +7'T" ('"<.4&$,-.4"7-&$2=" c#$..',"',"$(?6" DzzF$" �"

S.'99'=9"',"$(?6"Dzzfd?"G="'AA',6"(;2B*,4=$,'"'=,.$}='"-='"94.2'"%'"&*%2A2+$,2*=9"+'((-($2.'9"',"

&*(4+-($2.'9" 9'&B($B('9" @" +'(('9" $99*+24'9" $-H" (492*=9" +4.4B.$('9" (24'9" $-H" <74=*&8='9"

%;'H+2,*,*H2+2,4"<4.2=$,$('?"C="<.*+'99-9"2=A($&&$,*2.'"'9,"*B9'.14"$-"+*-.9"%'9"<.'&28.'9"

7'-.'9" 9-21$=," (;$%&2=29,.$,2*=" %;2B*,4=$,'6" &$.:-4" <$." -='" $+,21$,2*=" &2+.*5(2$('6" -='"

$9,.*5(2*9'" .4$+,2*=='(('6" -='" <.*%-+,2*=" %'" Km/" '," %'" +0,*J2='9" 2=A($&&$,*2.'9"

c)*&&'.5-'9" '," $(?6" >kkk" �" V$7.$*-2" '," $(?6" >kkD" �" _$2=%(" '," $(?6" >kD>d?" e(" $" 45$('&'=," 4,4"

%4&*=,.4":-'"(;$%&2=29,.$,2*="2=,.$+4.4B.$('"%;$5*=29,'"5(-,$&$,'.52:-'"'=,.$}='"-='"&*.,"

+'((-($2.'"='-.*=$('"<$."%'9"&4+$=29&'9"%;$<*<,*9'"'," %'"=4+.*9'" cM*.,'.$XO$2((2$-" '," $(?6"

Dzzid?"e=N'+,4"@"M>"+7'T"($"9*-.296"(;2B*,4=$,'"2=%-2,"-='"&*.,"='-.*=$('"+*.,2+$('"$99*+24'"@"

%'9" (492*=9" J09,2:-'9" %'" ($" 9-B9,$=+'" B($=+7'" <4.21'=,.2+-($2.'" c#$..'," '," $(?6" DzzF$" �"

S.'99'=9"',"$(?6"Dzzfd?")$=9"=*,.'"&*%8('6"$<.89"-='"'H<*92,2*="$-".4&2A'=,$=2(6"($",$2(('"%'"

($" (492*=" 2=%-2,'" <$." (;2B*,4=$,'" 4,$2," 925=2A2+$,21'&'=," .4%-2,'" @" Mi" cN-9:-;@" fi�" %'"

%2&2=-,2*=6" <�k6kkDd?" ];'AA'," <.*,'+,'-." 9'&B($2," <(-9" <.*=*=+4" +7'T" ('9" &s('9" c8�k6kDd6"

+*&<$.4"@"(;'AA',".',.*-14"+7'T"('9"A'&'(('9"c8�k6kFd?")'"&$=28.'"92&2($2.'6"-='"%2&2=-,2*="

925=2A2+$,21'"%'" (;$+,212,4"+$9<$9'Xj"4,$2,"*B9'.14'"F"7'-.'9"$<.89" (;2=N'+,2*="%;2B*,4=$,'"'="

+$9" %;'H<*92,2*=" <.4$($B('" $-" .4&2A'=,$=2(?" g2=5,X:-$,.'" 7'-.'9" $<.89" ($" (492*=" 2=%-2,'" <$."

(;2B*,4=$,'6" ('" 925=$(" +$9<$9'Xj" +(214'" *B9'.14" <$." 2&&-=*729,*+72&2'" $2=92" :-'" ($"

A.$5&'=,$,2*="%'"(;!)Q"4,$2'=,"%2&2=-49"%$=9"('"5.*-<'".4&2A'=,$=2("<$.".$<<*.,"$-"5.*-<'"

+*=,.P('?" O'9" 'AA',9" <*,'=,2'(('&'=," B4=4A2:-'9" %-" .4&2A'=,$=2(" <*-..$2'=," 'H<(2:-'." '="

<$.,2'"($"%2&2=-,2*="925=2A2+$,21'"%'"($",$2(('"%'"($"(492*="2=%-2,'"<$."(;2B*,4=$,'"*B9'.14'"@"Mi?"

O'9" .49-(,$,9" *B,'=-9" $.( @$@"( 9-." ($" &*.," +'((-($2.'" 9*=," '=" $++*.%" $1'+" (;$+,2*=" $=,2X

$<*<,*,2:-'"*B9'.14'"%J(@$@"($-"+*-.9"%'"=*9"<.'&2'.9",.$1$-H"cV*-..'("',"$(?6">kDEd?"];'AA',"
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<*,'=,2'(('&'=," ='-.*<.*,'+,'-." %-" .4&2A'=,$=2(" $1$2," 45$('&'=," 4,4" 9-554.4" <$." %'9"

4,-%'9" 9-." ('" .*=5'-." $%-(,'" %$=9" %'9"&*%8('9" %;29+74&2'" +4.4B.$('6" $2=92" :-;-='" $+,2*="

$=,2X$<*<,*,2:-'"cM$.J"',"$(?6">kDD"�"3'*=5"',"$(?6">kD>"�"Y-"',"$(?6">kDjd?""

! Rôle du récepteur NMDA dans l’effet potentiellement neuroprotecteur 

du rémifentanil 

]'9" &4+$=29&'9" @" (;*.252='" %'" (;'AA'," $=,2X$<*<,*,2:-'" 1*2.'" ='-.*<.*,'+,'-." %-"

.4&2A'=,$=2("='"9*=,"<$9"'=+*.'"+($2.'&'=,"4,$B(29?"e("9'&B('":-'"('".4&2A'=,$=2("2=,'.$5299'"

$1'+"('".4+'<,'-."Q#)!6"12$"-='"+$9+$%'"%'"<7*9<7*.0($,2*=6"+*&&'"('"9-558.'"('"&*%8('"

%;70<'.$(5492'" 2=%-2,'"<$." ('9"&*.<72=2:-'9" c/2&*==',"',"K21$,6">kkj" �"S-"',"$(?6">kkzd?"]'"

.4+'<,'-." Q#)!" N*-'" -=" .P('" +'=,.$(" %$=9" ($" ,.$=9&2992*=" 90=$<,2:-'6" ($" <($9,2+2,4"

90=$<,2:-'6" (;$<<.'=,299$5'"'," ($"&4&*2.'"cY$.%2=57$&6">kkzd?"O'<'=%$=,6" ($"9-.$+,21$,2*="

%-".4+'<,'-."'=,.$}='"-='"&*.,"+'((-($2.'"<$."%2AA4.'=,9"&4+$=29&'96"%*=,"($"&29'"'=".*-,'"

%;-='"+$9+$%'"'H+2,*,*H2:-'"2=2,24'"<$."-="2=A(-H"+$(+2:-'"'H+'992A"c]2<,*="',"K*9'=B'.56"DzzE"

�"!.-=%2='"',"V0&2$=9J26">kkEd?"]'"B(*+$5'"%-".4+'<,'-."'9,"45$('&'=,"@"(;*.252='"%;-='"&*.,"

+'((-($2.'" 'H+'9921'6" =*,$&&'=," <$." $<*<,*9'6" $2=92" :-'" %;'AA',9" @" (*=5" ,'.&'" +*&&'" ($"

9-.1'=-'" %'" ,.*-B('9" +*5=2,2A9" c)$(&$-" '," $(?6" >kDD" �" /2=='." '," $(?6" >kDFd?" ]$" .4<*=9'" %'9"

='-.*='9"$-"5(-,$&$,'"*-"$-"Q#)!"9'&B('"$2=92"9-21.'"-='"+*-.B'"%'"S$-99"c'="A*.&'"%'"

W"+(*+7'"[d"cU25-.'"jEd"^"-='"$+,212,4",.*<"2&<*.,$=,'"*-",.*<".4%-2,'"%-".4+'<,'-."<'-,"I,.'"

<*,'=,2'(('&'=,"%4(4,8.'"@"($"+'((-('6"$(*.9":-;-='"$+,212,4"&*%4.4'"<*-..$2,"I,.'"B4=4A2:-'"

@"($"12,$(2,4"+'((-($2.'"c]2<,*="',"Q$J$=29726"Dzzz"�"eJ*=*&2%*-"',"V-.9J26">kk>"�"Y$.%2=57$&"

',"R$%2=56">kkjd?""
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!

/FGEAH!6Y!I!"C@?RD!MH!PQ?RDFTFDB!ME!ABRH@DHEA!#V'2!JEA!P?!JEATFH!RHPPEP?FAH!

%/1! .(@>! C9,1:=-=6:A@/1! )/! <5%#! 1=+.! +*0/11(:;/1! C=@;! C;=E=@[=:;! -(! 1@;[:/! 0/--@-(:;/"! PZ(0.:[(.:=+!
/>0/11:[/!m9,C/;!=@!9,C=!1.:E@-(.:=+n!/+.;(v+/!@+/!E=;.!0/--@-(:;/!C(;!+*0;=1/!/.U=@!(C=C.=1/"!%Z(C;T1!
Q(;):+69(E!/.!$():+6p!L``F"!

!

];$+,212,4"<7092*(*52:-'"%-".4+'<,'-."Q#)!"'9,"%*=+"=4+'99$2.'"@"($"9-.12'"='-.*=$('"

'," ($" &*%-($,2*=" %'" (;$+,212,4" %-" .4+'<,'-." <*-..$2," $2=92" N*-'." -=" .P('" ='-.*<.*,'+,'-.?"

];$+,2*=" ='-.*<.*,'+,.2+'" *-" 'H+2,*,*H2:-'" %-" .4+'<,'-." 9'&B('" I,.'" %4<'=%$=,'" %'"

(;2=,'=92,4"%-"925=$(6"%'"($"(*+$(29$,2*="%-".4+'<,'-."Q#)!"c90=$<,2:-'"*-"'H,.$X90=$<,2:-'d"

*-" %'" ($" +*&<*92,2*=" %-" .4+'<,'-." '=" 9*-9X-=2,49" cY$.%2=57$&6" >kkzd?" ];$+,2*="

='-.*<.*,'+,.2+'" %-" .4&2A'=,$=2(" '=" +*=,'H,'" %;'H+2,*,*H2+2,4" <*-..$2," I,.'" '=" <$.,2'"

'H<(2:-4'" <$." -='" $+,2*=" &*%-($,.2+'" %'" (;$+,212,4" %-" .4+'<,'-.6" A$1*.29$=," ($" 9-.12'"

+'((-($2.'?"M$."$2(('-.96"-='"&I&'"+*=+'=,.$,2*="%'"Q#)!"<'-,"'H'.+'."-="'AA',"%*-B('"9-."

('"+*.,'H"2&&$,-.'"%'"9*-.2+'$-"^"@"($"A*29"'H+2,*,*H2:-'"9-."('9"+*-+7'9"+*.,2+$('9"<.*A*=%'9"

',"$=,2X$<*<,*,2:-'"9-." ('9"+*-+7'9"+*.,2+$('9"9-<'.A2+2'(('9" c)'9A'-H"',"$(?6">kDkd?"G=A2=6" ('"

.4&2A'=,$=2("'9,"$99*+24"@" ($"5(0+2='"cj6f&#d"+*&&'"'H+2<2'=,"%$=9"9$"A*.&'"+*&&'.+2$('"

cC(,21$d?" Q*-9" $12*=9" %4&*=,.4" %J( @$@"" :-'" ($" 5(0+2='" '," ('" .4&2A'=,$=2(" 9'-(9" =;$1$2," <$9"

!"#$%&'

(&))")*%#&'

+,#-'

(&))")*%#&'

.%$&*"/'0123%,),4%5"&3'6,#7*"/'

.%$&*"/'0123%,),4%5"&3'8)&$83'

.%$&*"/'0123%,),4%5"&3'9*3'

:(;$%-8'<"'

#8(&0-&"#'

.+=:'

'
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%;'AA',"<.*<.'"9-." ($"&*.,"+'((-($2.'6"&$29"-='"A*29"$99*+2496"-='"%2&2=-,2*="925=2A2+$,21'"%'"

(;$+,212,4"+$9<$9'Xj"4,$2,"*B9'.14'"cV*-..'("',"$(?6">kDEd?"G="A*=+,2*="%'"9$"+*=+'=,.$,2*=6"($"

5(0+2='" 9'-('" <'-," $1*2." %'9" 'AA',9" *<<*949" ^" %4(4,8.'" '=" +$9" %'" %*9'9" A$2B('9" ',"

='-.*<.*,'+,'-."'="+$9"%'"%*9'9"4('14'9" cb$*"',"$(?6">kD>d?"C="$5*=29,'"<$.,2'("%-" 92,'"%'"

(2$29*=" %'" ($" 5(0+2='" $-" .4+'<,'-." Q#)!6" S]b�XDj6" 'H'.+'" 45$('&'=," %'9" <.*<.24,49"

='-.*<.*,'+,.2+'9"'="+$9"%'"(492*=9"29+74&2:-'9"+4.4B.$('9"'="&*%-($=,"($"+*&<*92,2*="%-"

.4+'<,'-." '=" 9*-9X-=2,49" c%2&2=-,2*=" %'" (;'H<.'992*=" %'" S(-Q>R" '," $-5&'=,$,2*=" %'"

(;'H<.'992*=" %'"S(-Q>!d" cZ7'=5" '," $(?6" >kDid?" ];$+,2*=" 90='.52:-'" %-" .4&2A'=,$=2(" '," %'" ($"

5(0+2='"9-."('".4+'<,'-."Q#)!"<*-..$2,"<$.,2+2<'."@"(;'AA',"='-.*<.*,'+,'-."*B9'.14"$-"+*-.9"

%'"=*9",.$1$-H6"&$29"('9"&4+$=29&'9"<*,'=,2'(('&'=,"2&<(2:-49".'9,'=,"@"<.4+29'.?"

! Inflammation, rémifentanil et neuroprotection 

];2=A($&&$,2*=" '9," 2&<(2:-4'" %$=9" ($" 9-.1'=-'" %'" (492*=9" +4.4B.$('9" =4*=$,$('9"

cY$5B'.5" '," $(?6" >kDFd?" G=" 92,-$,2*=" %;'H+2,*,*H2+2,46" (;$+,21$,2*=" &2+.*5(2$('6" (;2=A2(,.$,2*="

('-+*+0,$2.'" '," (;$9,.*5(2*9'" .4$+,2*=='(('" <$.,2+2<'=," @" (;2=A($&&$,2*=" +4.4B.$('" ',"

<.*1*:-'=,"($"(2B4.$,2*="%'"+*&<*949"='-.*,*H2:-'9"+*&&'"%'9"+0,*J2='9"*-"%'9".$%2+$-H"

(2B.'9" c#$..'," '," $(?6" DzzF$" �" Y$(('=B'+J6" Dzzf" �" V$7.$*-2" '," $(?6" >kkDd?" ];2=N'+,2*="

2=,.$+*.,2+$('" %;2B*,4=$,'" '9," +*==-'" <*-." 2=%-2.'" -='" $9,.*5(2*9'" &*%4.4'" '," %2AA-9'6"

.414(4'"<$."('"&$.:-$5'"$9,.*+0,$2.'"SU!M"c#$..',"',"$(?6"DzzFBd?"];$9,.*5(2*9'".4$+,2*=='(('"

'9," &$.:-4'" <$." (;$+,21$,2*=" %'9" $9,.*+0,'9" '," ($" &*%2A2+$,2*=" %'" ('-." <74=*,0<'"

&*.<7*(*52:-'"',"A*=+,2*=='("(*.9"%;-="4<29*%'"%;70<*H*X29+74&2'"cM'J=0"',"Q2(99*=6">kkFd?"

!-" +*-.9" %'" +'" <.*+'99-96" ('9" $9,.*+0,'9" 94+.8,'=," %'9" +0,*J2='9" '," %'9" +74&*J2='96"

<$.,2+2<$=,"$2=92"@"(;2=A($&&$,2*="+4.4B.$('"c)*=5"',"R'=1'=29,'6">kkDd?"]$"&2+.*5(2'"$+,214'"

94+.8,'" 45$('&'=," %'9" A$+,'-.9" 2=A($&&$,*2.'9" :-2" <'-1'=," $+,21'." ('9" $9,.*+0,'9"

c=*,$&&'=," %'" ,0<'" !Dd" '," <.*&*-1*2." ($" &*.," %'" ='-.*='9" '," %;*(25*%'=%.*+0,'9"

c]2%%'(*`"',"$(?6">kDid?"!-"+*-.9"%'"=*9",.$1$-H6"(;2&&-=*&$.:-$5'"SU!M"+7'T"('9"$=2&$-H"

(4949"4,$2,"%2&2=-4"%$=9"($".452*="<4.21'=,.2+-($2.'"%$=9"('"5.*-<'".4&2A'=,$=2(?")'"&I&'6"($"

:-$=,2A2+$,2*="<$."W%-&%*.(G4"&".414($2,"-='".4%-+,2*="%'"(;'H<.'992*="%'"($"<.*,42='"SU!M"$-"

=21'$-" %-" +*.,'H" %'" (;74&29<78.'" (494" $<.89" 'H<*92,2*=" $-" &*.<72=2:-'6" 9-554.$=," -='"

%2&2=-,2*=" %'" (;$9,.*5(2*9'" .4$+,2*=='(('" 2=%-2,'" <$." (;2B*,4=$,'?" M$." $2(('-.96" (;2=N'+,2*="

2=,.$+*.,2+$('"%;2B*,4=$,'"<.*1*:-$2,"-='"$-5&'=,$,2*="%'"($"<.*%-+,2*="%'".$%2+$-H"(2B.'9"
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$-"=21'$-" %'" (;74&29<78.'" (494" $-" B*-," %'" Dk"&2=-,'96" '," +',,'" <.*%-+,2*=" 9'"&$N*.$2," F"

7'-.'9"$<.89"(;2=N'+,2*=?" e("$"4,4"%4&*=,.4":-'"($"<.*%-+,2*="%'".$%2+$-H"(2B.'9"$&<(2A2'" ('9"

(492*=9"+4.4B.$('9" 2=%-2,'9"<$." (;2B*,4=$,'"c)*&&'.5-'9"',"$(?6"Dzzw"�"#$..',"',"$(?6"Dzzzd?"

]*.9"%;-='"'H<*92,2*="$-".4&2A'=,$=2(6" ($"<.*%-+,2*="%'"Km/"4,$2,"$,,4=-4'"@"Dk"&2=-,'9"',"

%'1'=$2," +*&<$.$B('" @" +'(('" %'" +'.1'$-H" =*=" (4949" F" 7'-.'9" $<.89" (;$%&2=29,.$,2*="

%;2B*,4=$,'?"!-",*,$(6"'="+*=%2,2*="%;'H+2,*,*H2+2,4"2=%-2,'"<$."(;2B*,4=$,'6"=*-9"$1*=9"%*=+"

&29" '=" 412%'=+'" -='" %2&2=-,2*=" %'" ($" <.*%-+,2*=" +4.4B.$('" %'" Km/" '," %'" (;$9,.*5(2*9'"

.4$+,2*=='(('" $<.89" 'H<*92,2*=" $-" .4&2A'=,$=2(6" 9-554.$=," $2=92" -='" &*%-($,2*=" %'" ($"

='-.*2=A($&&$,2*="<$."('"&*.<72=2:-'?"O',"'AA',"9-."(;2=A($&&$,2*="$"%4N@"4,4"*B9'.14"+7'T"

(;!=2&$("$%-(,'?"G="'AA',6"+7'T"('".*=5'-."$%-(,'"'="+*=%2,2*="9'<,2:-'6"('".4&2A'=,$=2("'H'.+'"

-='"$+,2*="$=,2X2=A($&&$,*2.'" ,.$%-2,'"=*,$&&'=,"<$."-='"%2&2=-,2*="%'" (;'H<.'992*="%'9"

2=,'.('-J2='9"f"',"Dk" cZ*=5T'"'," $(?6" >kDkd6"%-"VQUα6" %'"QUXκR"$2=92":-'"%'"Y#SRD" cK$61(

5"G$4$&'(T*",8(E"J(Ld6"&4%2$,'-."+'=,.$("%$=9"($"<.*5.'992*="%-"9'<929"c/'*"',"$(?6">kDid?")'"

($" &I&'" &$=28.'" +7'T" ('" K$," $%-(,'" '=" +*=%2,2*=" %'" 9,.'99" 2=%-2," <$." -='" +72.-.52'6"

(;'H<*92,2*=" $-" .4&2A'=,$=2(" '=,.$}='" -='" %2&2=-,2*=" %-" VQUα" '," %'" (;2=,'.('-J2='" f"

cY$9'5$`$" '," $(?6" >kDDd?" G=A2=" +7'T" (;Y*&&'6" (;$%&2=29,.$,2*=" %'" .4&2A'=,$=2(" $,,4=-'"

(;$+,21$,2*=" %'9" <*(0=-+(4$2.'9" ='-,.*<72('96" $2=92" :-'" ($" 94+.4,2*=" %'" +0,*J2='9" <.*X

2=A($&&$,*2.'9"+*&&'"('"VQUα"',"('9"2=,'.('-J2='9"f"',"w"cY*AB$-'."',"$(?6">kkk"�"Y0'N2="',"

$(?6" >kDjd?" ]'" .4&2A'=,$=2(" 9'&B('"%*=+"'H'.+'."-='"$+,2*="$=,2X2=A($&&$,*2.'":-2"<*-..$2,"

<$.,2+2<'."@"($"<.*,'+,2*="%-"+'.1'$-"2&&$,-.'?")'9",.$1$-H"<.4(2&2=$2.'9"*=,"4,4"2=2,249"$-"

($B*.$,*2.'" $A2=" %;41$(-'." ('" <.*A2(" %'9" +0,*J2='9" <.*X2=A($&&$,*2.'9" $<.89" $%&2=29,.$,2*="

%;2B*,4=$,'" '=" +*=%2,2*=" .4&2A'=,$=2(" '," <($+'B*?" ]'9" 'H<4.2&'=,$,2*=9" %*21'=," I,.'"

<*-.9-212'9"$A2="%'"<.4+29'."(;'AA',"%-".4&2A'=,$=2("9-."(;2=A($&&$,2*="%$=9"=*,.'"&*%8('?"

! L’analgésie induite par le rémifentanil participe-t-elle à la protection du 

cerveau immature ? 

];$=$(5492'" 2=%-2,'" <$." (;2=N'+,2*=" %'" .4&2A'=,$=2(" <*-..$2," $1*2." -=" 2&<$+," <.*<.'"

B4=4A2:-'" 9-." ($" 12,$(2,4" ='-.*=$('" %'9" 9*-.2+'$-H?" )$=9" =*,.'"&*%8('6" 9'-(9" ('9" $=2&$-H"

'H<*949" $-" .4&2A'=,$=2(" *=," B4=4A2+24" %;-='" $=$(5492'" $1$=," (;2=N'+,2*=" 2=,.$+*.,2+$('"

%;2B*,4=$,'?"];$%&2=29,.$,2*="%;2B*,4=$,'"'9,"-="5'9,'"2=1$92A6"+*=92%4.4"+*&&'"%*-(*-.'-H?"

]$"%*-('-.".'99'=,2'"<$."('9"9*-.2+'$-H"'9,"%*=+"<(-9"2&<*.,$=,'"%$=9"('"5.*-<'"<($+'B*6"+'"
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:-2"<*-..$2,"I,.'"@"(;*.252='"%;-='"$55.$1$,2*="%'9"(492*=9"2=%-2,'9"<$."(;2B*,4=$,'?"G="'AA',6"

(;'H<*92,2*=" <.4+*+'" @" %'9" 9,2&-(2" %*-(*-.'-H" *-" 9,.'99$=,9" +7'T" ('" .*=5'-." 2=%-2," %'9"

&*%2A2+$,2*=9" ='-.*B2*(*52:-'9" '," +*&<*.,'&'=,$('9" @" (*=5" ,'.&'" cK$=5'." '," S.-=$-6"

>kDEd?" M'-" %;4,-%'9" 41$(-'=," (;'AA'," %;-='" %*-('-." =4*=$,$('" 9-." ('" +'.1'$-" '="

%41'(*<<'&'=," @" +*-.," ,'.&'?" O'<'=%$=,6" 2(" $" ,*-," %'" &I&'" 4,4" %4&*=,.4" :-'" ($"

9,2&-($,2*=" %*-(*-.'-9'" 54=4.4'" <$." -='" %*-('-." 2=A($&&$,*2.'" +7'T" ('" .$,*=" $++'=,-'"

(;'H+2,$,2*=" ='-.*=$('" '," $-5&'=,'" ($" &*.," +'((-($2.'" %$=9" +'.,$2='9" .452*=9" +*.,2+$('9" ',"

9*-9X+*.,2+$('96" 9-554.$=," :-'" ($" %*-('-." <*-..$2," $1*2." -=" 'AA'," %4(4,8.'" 9-." ('" +'.1'$-"

2&&$,-.'" c!=$=%" '," $(?6" >kki" �" )�7.9'=" '," $(?6" >kDjd?" )'"&$=28.'" 92&2($2.'6" -='" %*-('-."

2=A($&&$,*2.'"+7.*=2:-'"*-"%'9"9,2&-($,2*=9"%*-(*-.'-9'9".4<4,4'9"<'-1'=,"'=5'=%.'."-='"

$<*<,*9'"='-.*=$('"',"$(,4.'." (;'H<.'992*="%'"<.*,42='9"=4+'99$2.'9"$-"%41'(*<<'&'=,"%-"

+'.1'$-" %-" 9*-.2+'$-" c)�7.9'=" '," $(?6" >kDjd?" !2=92" %$=9" =*,.'"&*%8('6" (;'AA'," $=$(5492:-'"

<.*<.'"%-" .4&2A'=,$=2("<*-..$2,"<*,'=,2'(('&'=,"<.*,45'."%'" (;'AA',"%4(4,8.'"%'" ($"%*-('-."

9-." ('" +'.1'$-" 2&&$,-.'?" !A2=" %'" %29+.2&2='." (;2&<$+," %-" .4&2A'=,$=2(" %'" 9*=" 'AA',"

$=,$(52:-'6" 2(" A$-%.$2," +*&<$.'." (;$+,2*=" %-" &*.<72=2:-'" 9-." ('" +'.1'$-" 2&&$,-.'" $1'+"

%;$-,.'9"$=$(5492:-'96"%$=9"-="&*%8('"$=2&$("%'"%*-('-."=4*=$,$('?"

! L’exposition néonatale au rémifentanil a-t-elle un impact sur le 

comportement du souriceau à court et à long terme ? 

!A2=" %'" %4,'.&2='." 92" (;'AA'," ='-.*<.*,'+,'-." %-" .4&2A'=,$=2(" *B9'.14" 9'" ,.$%-29$2,"

<$."-="'AA',"A*=+,2*=='("9-."(;$=2&$(6"%'9",'9,9"+*&<*.,'&'=,$-H"*=,"4,4".4$(2949"'=,.'"M>"',"

MDw?"]'",'9,"%'"54*,$H2'"=45$,21'"c*-",'9,"%'".4$+,2*="$=,25.$12,$2.'d"$"<*-."B-,"%;41$(-'."($"

.4$+,2*="&*,.2+'"&29'"'="q-1.'"<$."('"9*-.2+'$-"'=".4<*=9'"@"-='"<*92,2*="2=7$B2,-'(('"%$=9"

(;'9<$+'?"C="B*="=21'$-"%'"+**.%2=$,2*="%'9"<$,,'9"$=,4.2'-.'9"'9,"=4+'99$2.'"<*-.".4-992."

+'" ,'9,?" ];$=2&$(" '9," <($+4" 9-." -=" <($=" 2=+(2=4" %'" >kx" <$." .$<<*.," @" (;7*.2T*=,$('6" ($" ,I,'"

%2.254'"1'.9" ('"B$9?"]'",'9,"'9," ,'.&2=4" (*.9:-'" (;$=2&$("$"'AA'+,-4"-='".*,$,2*="%'"Dwkx" (-2"

<'.&',,$=,"%;$1*2."($",I,'"%2.254'"1'.9"('"7$-,"%'"($"<($=+7'?"O'",'9,"'9,".4$(294"'=,.'"Mf"',"Mw"

'," 41$(-'" =*,$&&'=," ($" +**.%2=$,2*=6" (;4:-2(2B.'" '," ('" 909,8&'" 1'9,2B-($2.'" cU*H6" DzfF" �"

!(,&$="',"/-%$.97$=6"DziFd?")$=9"=*,.'"4,-%'6"('9"9*-.29"(494'9"',"'H<*94'9"$-".4&2A'=,$=2("

9'" .',*-.=$2'=," <(-9" .$<2%'&'=," :-'" +'(('9" 'H<*94'9" $-" <($+'B*6" '," ('-.9" <'.A*.&$=+'9"

4,$2'=,"92&2($2.'9"@"+'(('9"%'9"9*-.29"=*="(494'9?"M*-."('",'9,"%'"9-9<'=92*=6"('9"<$,,'9"$1$=,"
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%'"(;$=2&$("9*=,"<($+4'9"9-."-="A2("%'"=0(*="9-9<'=%-"DF"+&"$-X%'99-9"%;-='"9-.A$+'"9*-<('6"

<.*1*:-$=,"-=".4A('H'"%;$5.2<<'&'=,"c6*3-8$.6(*%94%Jd?"]'",'9,"'9,",'.&2=4"(*.9:-'"(;$=2&$("

(s+7'" ('" A2(" '," +7-,'?" ]'" ,'9," $" 4,4" .4$(294" '=,.'" MDk" '," MD>" '," <'.&'," %;41$(-'." (;$+,212,4"

&*,.2+'6" ($" A*.+'"&-9+-($2.'"'," ($" .4929,$=+'"<7092:-'"%'9" $=2&$-H" cU*H6" DzfF" �"!(,&$="',"

/-%$.97$=6"DziFd?"!-"+*-.9"%'"=*9",.$1$-H6"('9"9*-.29"(494'9"&s('9"'H<*94'9"$-".4&2A'=,$=2("

<.49'=,$2'=," -='" %-.4'" %;$5.2<<'&'=," 92&2($2.'" $-H" 9*-.29" =*=" (494'96" '," 9-<4.2'-.'" $-H"

9*-.29" &s('9" 'H<*94'9" $-" <($+'B*?" O7'T" ('9" A'&'(('96" ('9" %-.4'9" %;$5.2<<'&'=," 4,$2'=,"

A$2B('9"N-9:-;@"MDD?"O',,'"*B9'.1$,2*="<*-..$2,"I,.'"'H<(2:-4'"<$."-='"&$99'"&-9+-($2.'"<(-9"

A$2B('" +7'T" ('9" A'&'(('9?"!" MD>6" ('9" A'&'(('9" (494'9" 'H<*94'9" $-"&*.<72=2:-'"<.49'=,$2'=,"

%'9" %-.4'9" %;$5.2<<'&'=," 9-<4.2'-.'9" $-H" A'&'(('9" (494'9" 'H<*94'9" $-" <($+'B*6" &$29" ($"

%2AA4.'=+'"=;4,$2,"<$9"925=2A2+$,21'?"O*&<,'",'=-"%;-=",'&<9"%;$5.2<<'&'=,"<(-9"A$2B('"+7'T"

('9" A'&'(('96" (;'AA'," <.*,'+,'-." %-" .4&2A'=,$=2(" '9," <(-9" %2AA2+2('" @" %4&*=,.'.?" )$=9"

(;'=9'&B('6"+'9",'9,9"*=,"&29"'="412%'=+'"%'"&'2(('-.'9"<'.A*.&$=+'9"9'=9*.2X&*,.2+'9"+7'T"

('9"$=2&$-H"$0$=,".'\-"%-".4&2A'=,$=2("$1$=,"(;$%&2=29,.$,2*="%;2B*,4=$,'6"+7'T"('9"&s('9"',"

('9" A'&'(('9" <*-." ($" 54*,$H2'" =45$,21'6" '," <$.,2+-(28.'&'=," +7'T" ('9" &s('9" <*-."

(;$5.2<<'&'=,?" ];'H<*92,2*=" $-" .4&2A'=,$=2(" 9'&B('" $&4(2*.'." ('" +*&<*.,'&'=," 9'=9*.2X

&*,'-." %'9" $=2&$-H" E" @" Dk" N*-.9" $<.89" ($" (492*=" '," <'.&'," %;*B,'=2." %'9" <'.A*.&$=+'9"

+*&<$.$B('9"@"+'(('9"%;$=2&$-H"=*="(4949?"O'9".49-(,$,9"9*=,"@"+*=A.*=,'."@"($"%2&2=-,2*="%'"

($" ,$2(('" %'" ($" (492*=" 2=%-2,'" <$." (;2B*,4=$,'" *B9'.14'" '=" +$9" %;'H<*92,2*=" <.4$($B('" $-"

.4&2A'=,$=2(?" G="'AA',6" ($"%2&2=-,2*="%'9"<'.A*.&$=+'9" 9'=9*.2X&*,.2+'9"%'9" .*=5'-.9"<'-,"

I,.'"'=".$<<*.,"$1'+"-='"70<*&04(2=29$,2*="%'" ($"9-B9,$=+'"B($=+7'"9*-9X+*.,2+$('" cr-"',"

$(?6">kkwd?"!2=926"'=".4%-29$=,"($",$2(('"%'"($"(492*="'H+2,*,*H2:-'"',"'="<.49'.1$=,"%'"($"9*.,'"

(;2=,45.2,4" %'" ($" 9-B9,$=+'" B($=+7'" '," %'" ($" 9,.-+,-.'" +*.,2+$('6" ('" .4&2A'=,$=2(" <*-..$2,"

<.*,45'." '=" <$.,2'" ('9" $AA4.'=+'9" &*,.2+'9" '," ('9" +'=,.'9" 2=,45.$,'-.9" %'9" 2=A*.&$,2*=9"

<.*<.2*+'<,21'9" <.*1'=$=," %'" ($" <4.2<74.2'" c&-9+('96" $.,2+-($,2*=9d6" <'.&',,$=," ('"

%4+('=+7'&'=,"%-" .4A('H'"%'" .',*-.='&'=,?" ]'9"='-.*='9" ,7$($&*X+*.,2+$-H":-2" 2=,85.'=,"

=*,$&&'=," ('9" 2=A*.&$,2*=9" <.*1'=$=," %-" 909,8&'" 1'9,2B-($2.'" <*-..$2'=," %'" &$=28.'"

92&2($2.'"I,.'"4<$.5=496"$-,*.29$=,"($"<'.+'<,2*="%'"($".*,$,2*="',"%'"(;*.2'=,$,2*="1'.9"('"7$-,"

%'" ($" 9-.A$+'" 2=+(2=4'?" ]$" <.49'.1$,2*=" %'9" +$<$+2,49" 9'=9*.2X&*,.2+'96" =*,$&&'=," %'" ($"

54*,$H2'" =45$,21'6" $1$2," 45$('&'=," 4,4" %4&*=,.4'" +7'T" ($" 9*-.29" (494'" c&*%8('" K2+'X



!

! !

!

DISCUSSION & PERSPECTIVES 

!

! !

LLF!

g$==-++2d"B4=4A2+2$=,"%;70<*,7'.&2'",74.$<'-,2:-'6"*-,2("%*=," (;'AA2+$+2,4"='-.*<.*,'+,.2+'"

$"4,4"%4&*=,.4'"+7'T"(;Y*&&'"c)2$T"',"$(?6">kDid?""

]'9" +*&<4,'=+'9" 9'=9*.2X&*,.2+'9" %'9" 9*-.2+'$-H" *=," 4,4" 41$(-4'9" :-'(:-'9" N*-.9"

$1$=," ('" 9'1.$5'" cMDwd" <$." ('" ,'9," %;"8%.( 9$%4;?" O'" %29<*92,2A" +*=929,'" '=" -='" '=+'2=,'"

+2.+-($2.'"%'"Ek"+&"%'"%2$&8,.'"$1'+"%'9"<$.*29"%'"jk"+&"%'"7$-,'-.?"]'"9*-.2+'$-"'9,"<($+4"

2=2,2$('&'=,"$-"+'=,.'"%'"(;'9<$+'"<-29"'9,"($2994"(2B.'"%;'H<(*.'."9*="'=12.*=='&'=,?"O'",'9,"

<'.&'," (;41$(-$,2*="%-"=21'$-"%;$+,212,4" (*+*&*,.2+'"',"'H<(*.$,*2.'"%'" (;$=2&$("<($+4"%$=9"

-='"92,-$,2*="=*-1'(('?"]$",725&*,$H2'"*-",'=%$=+'"@"(*=5'."('9"<$.*29"'9,"*B9'.14'"%$=9"($"

<(-<$.,"%'9"'9<8+'9"%'" .*=5'-."'," 9;$<<$.'=,'"@"%'" (;$=H24,4" cV.'2,"',"U-=%0,-96"Dzwwd?"O'"

+*&<*.,'&'=," '9," <.*B$B('&'=," (24" @" (;2=9,2=+," %-" .*=5'-." %;412,'." %'" 5.$=%9" '9<$+'9"

*-1'.,96"=*="<.*,45496"9-9+'<,2B('9"%'"('"&',,.'"'="%$=5'."c/'2B'=7'='."',"r**,'=6">kDFd?"

)$=9"=*,.'"4,-%'6"($"%29,$=+'",*,$('"<$.+*-.-'"%$=9"(;'=+'2=,'"%-"%29<*92,2A"4,$2,"+*&<$.$B('"

+7'T" ('9" 9*-.2+'$-H" (4949" ,.$2,49" <$." ('" .4&2A'=,$=2(" *-" <$." ('" <($+'B*?" O',,'" $B9'=+'" %'"

%2AA4.'=+'" '=,.'" ('9" %'-H" 5.*-<'9" <*-..$2," I,.'" 'H<(2:-4'" <$." ($" <($9,2+2,4" +4.4B.$('"

+*=92%4.$B('" %-" .*=5'-.6" <$.,2+-(28.'&'=," <'=%$=," ($" <4.2*%'"%'" 90=$<,*5'=89'" %'9" ,.*29"

<.'&28.'9" 9'&$2='9"%'" 12'" c3'=J2=9" ',"#'.T'=2+76" Dzwid?" G=" .'1$=+7'6" ($" %-.4'"<$994'"$-"

+'=,.'"%-"%29<*92,2A"4,$2,"<(-9" (*=5-'"+7'T" ('9"A'&'(('9" (494'9"'H<*94'9"$-".4&2A'=,$=2("<$."

.$<<*.,"@"+'(('9"'H<*94'9"$-"<($+'B*6"9-554.$=,":-'"('9"A'&'(('9",.$2,4'9"<$."('"&*.<72=2:-'"

<.49'=,$2'=," -=" +*&<*.,'&'=," $=H2'-H" %2&2=-4?" O7'T" ('9"&s('96" +'," 'AA'," =;4,$2," *B9'.14"

:-;$-"+*-.9"%'9"%'-H"<.'&28.'9"&2=-,'9"%'"(;'H<4.2'=+'?"O',,'"%2AA4.'=+'"%'"+*&<*.,'&'=,"

'=,.'" ('9"A'&'(('9"'," ('9"&s('9"$1$2,"4,4"*B9'.14'"+7'T"%'9"9*-.29"$%-(,'9"'H<*94'9"@"%'" ($"

&*.<72='?" ]'9" &s('9" 4,$2'=," <(-9" 9-N',9" @" %'9" +*&<*.,'&'=,9" $=H2'-H" :-'" ('9" A'&'(('96"

9-554.$=,"-='"9'=92B2(2,4"%2AA4.'=,'"$-H"&*.<72=2:-'9"9'(*="('"9'H'"cZ7$="',"$(?6">kDFd?"O',"

'AA',"$=H2*(0,2:-'"$99*+24"$-H"&*.<72=2:-'9"$1$2,"45$('&'=,"4,4"*B9'.14"+7'T"('"K$,"$%-(,'6"

'H<*94"'="<4.2*%'"=4*=$,$('"@"%'"($"&*.<72='6"'="+*=%2,2*="%'"%*-('-."$25-'"*-"+7.*=2:-'"

$-" +*-.9" %'9" <.'&2'.9" N*-.9" %'" 12'" cM$.'=," '," $(?6" >kD>" �" g2+,*.2$" '," $(?6" >kDFd?" M$.&2" ('9"

70<*,789'9"&4+$=29,2:-'96" 2("9'&B('":-'"('9".4+'<,'-.9"$-H"*<2$+49"c]-,T"',"_2'AA'.6">kDjd6"

*-" '=+*.'" ($" 1*2'" %'" 925=$(29$,2*=" r=,v�X+$,4=2='" cr$=5" '," $(?6" >kDid" <*-..$2'=," I,.'"

2&<(2:-49" %$=9" (;'AA'," $=H2*(0,2:-'" $,,.2B-4" $-H" &*.<72=2:-'9?" G=A2=6" 92" ('" .4&2A'=,$=2("

<.*1*:-'"-="'AA',"$=H2*(0,2:-'6"2("'9,"45$('&'=,"<*992B('":-'6"+*&&'"%4+.2,'"+7'T"(;Y*&&'"

cg2=$((" '," $(?6" >kDjBd6" (;'H<4.2'=+'" %;-=" $+,'" %*-(*-.'-H" '=" <4.2*%'" =4*=$,$('" +7'T" ('"
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.*=5'-."'="+*=,'H,'"(492*=='("<.*1*:-'"-='"&$N*.$,2*="%'"(;4,$,"$=H2'-H"@"(*=5",'.&'?"!2=92"

(;$=$(5492'" <.*1*:-4'" <$." ('" .4&2A'=,$=2(" $1$=," (;2=N'+,2*=" 2=,.$+*.,2+$('" %;2B*,4=$,'"

<.412'=%.$2," ($" 9-.1'=-'" %;-=" 4,$," $=H2'-H" <$." -='" %2&2=-,2*=" %-" .'99'=,2" %*-(*-.'-H" '="

<4.2*%'"=4*=$,$('?""

G=A2=6"(;2&<$+,"%-".4&2A'=,$=2("$"4,4"41$(-4"+7'T"%'9"$=2&$-H"=*="(4949?"e("=;$"<$9"4,4"

&29" '=" 412%'=+'" %'" %2AA4.'=+'" %'" <*2%9" '=,.'" ('9" 5.*-<'9" .4&2A'=,$=2(" '," 94.-&"

<7092*(*52:-'?" ]'9" <'.A*.&$=+'9" $-H" ,'9,9" %'" 54*,$H2'" =45$,21'6" %;$5.2<<'&'=," '," %;"8%.(

9$%4;(4,$2'=,"+*&<$.$B('9"'="+$9"%;'H<*92,2*="$-".4&2A'=,$=2("*-"$-"<($+'B*6":-'(":-'"9*2,"('"

9'H'?"];'AA',"$=H2*(0,2:-'"=;'9,"%*=+"<.49'=,":-;'="+*=,'H,'" (492*=='("c',"%*-(*-.'-Hd"%$=9"

=*,.'" 4,-%'?" ];$+,2*=" %-" .4&2A'=,$=2(" 9-." ($" <.41'=,2*=" %'9" ,.*-B('9" $=H2'-H" <*-..$2,"

9;'H<(2:-'." %;-='" <$.," <$." (;'AA'," ='-.*<.*,'+,'-." *B9'.14" ',v*-" %;$-,.'" <$.," <$." (;'AA',"

$=,$(52:-'"%-"&*.<72=2:-'?" ];41$(-$,2*="%-"+*&<*.,'&'=,"%'9" 9*-.29" @" (;s5'"$%-(,'"$<.89"

-=" 4<29*%'" %'" %*-('-." =4*=$,$('" $-,.'" :-'" (;2=N'+,2*=" 2=,.$+*.,2+$('" %;2B*,4=$,'6" '="

<.49'=+'"*-"=*="%'".4&2A'=,$=2(6"<*-..$2,"<'.&',,.'"%;2%'=,2A2'."('".P('"%'"(;$=$(5492'"%$=9"

($"9-.1'=-'"%'"+*&<*.,'&'=,9"$=H2'-H?"

! Utilisation périnatale du rémifentanil : exemple de la césarienne sous 

anesthésie générale et de l’intubation endotrachéale du nouveau-né 

];'=9'&B('"%'"=*9",.$1$-H"<.4+(2=2:-'9"+7'T"($"/*-.29"'9,".$99-.$=,":-$=,"@"(;'AA',"%-"

.4&2A'=,$=2("9-."('"+'.1'$-"2&&$,-.'?"O7'T"(;Y*&&'6"(;'AA*.,"%'".'+7'.+7'"+(2=2:-'"%*2,"I,.'"

&$2=,'=-"<*-."A$1*.29'."9*="-,2(29$,2*=?"

!!"9"$! S5#(#/-5#'0+$.+6%&#7*05-0#(+*0+2-/+$*+2%/-6#*00*+*0+.6)*02*+M+%5.$*+Y!BOT+

C='"%'9" <.*B(4&$,2:-'9" %'" (;$='9,7492'" 54=4.$('" <*-." -='" +49$.2'=='" '9," ($" <($+'"

%'9" $5'=,9" *<2*a%'9" $-" +*-.9" %'" ($" <.*+4%-.'?" /2" (;$%&2=29,.$,2*=" %'" &*.<72=2:-'" %89"

(;2=%-+,2*=" '9," B4=4A2:-'" <*-." ($" &8.'6" (;2&<$+," <*,'=,2'(" 9-." ('" =*-1'$-X=4" <'-," I,.'"

=4A$9,'6" =*,$&&'=," '=" ,'.&'9" %'" %4,.'99'" .'9<2.$,*2.'?" !A2=" %;41$(-'." (;'AA'," %-"

.4&2A'=,$=2("$%&2=29,.4"+7'T"($"&8.'"9-."(;4,$,"%-"=*-1'$-X=4"@"($"=$299$=+'6"(;4,-%'"KG!Se"

c4,-%'"<.*9<'+,21'6".$=%*&294'6"&*=*+'=,.2:-'6"'="%*-B('"$1'-5('d"$"4,4"&'=4'"$-"OYC"%'"

K*-'="c=-&4.*"G-%.$OV">kDjXkkDwFkXwjd?"]'9"A'&&'9"=4+'992,$=,"-='"$='9,7492'"54=4.$('"

<*-." -='" +49$.2'=='" '=" -.5'=+'" $1$=," ji" /!" 4,$2'=," 2=+(-9'9" '," .$=%*&294'9" '=" %'-H"
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#$+]'==$="!Y6"V7*&<9*="/O6"S'+T"3"c>kDFd"O'.'B.$("<$(90^"+$-9'96"<$,7`$096"$=%",7'".*('"*A"5'=',2+"

1$.2$=,9?"!&"3"mB9,',"S0='+*(">Dj^iiz�iww?"

#$5''" ]6" /$`+7-+J" )6" /0=='9" !6" 1*=" )$%'(9T'=" M" c>kDDd" /mSO" O(2=2+$(" M.$+,2+'" S-2%'(2='?"
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#$5<2'" V.2$(" U*((*`XC<" /,-%0" O*(($B*.$,21'" S.*-<" c>kkid" V7'" #$5<2'" V.2$(^" $" .$=%*&29'%" ,.2$("

+*&<$.2=5"&$5='92-&"9-(<7$,'"`2,7"<($+'B*"A*."<.'X'+($&<92$?"m-,+*&'"A*."+72(%.'="$,"Dw"&*=,79?"

R3mS"DDE^>wz�>zz?"

#$(2J" /6"g2=-J*=%$"S6"g*9'" ]K6")2$&*=%")6"R72&$1$.$<-"RRK6"Y-"U6" Z2$"#V6"Y'1='."K6" Z'+'12+"Q6"

R$(($B7"M" c>kDjd"Q'-.*5'='929" +*=,2=-'9" 2=" ,7'" ,72.%" ,.2&'9,'." *A" <.'5=$=+0" $=%" 29" 9-<<.'99'%"B0"

<.'&$,-.'"B2.,7?"3"Q'-.*9+2"jj^EDD�E>j?"

#$&2"!S6"R$(('9,'.*9"36"#297.$"mM6")'(21*.2$XM$<$%*<*-(*9"#"c>kkf$d"GAA'+,9"*A"&$5='92-&"9-(A$,'"

$%&2=29,.$,2*=" %-.2=5" 70<*H2$" *=" O$c>�d" 2=A(-H" $=%" eMcjd" .'+'<,*."&*%2A2+$,2*=" 2=" +'.'B.$(" +*.,2+$("

='-.*=$("=-+('2"*A"='`B*.="<25(',9?"Q'-.*+7'&"K'9"jD^fj�ik?"

#$&2"!S6"R$(('9,'.*9" 3K6"U.2,T"_e6"_-B2=" 36"#297.$"mM6")'(21*.2$XM$<$%*<*-(*9"#" c>kkfBd"GAA'+,9"*A"

&$5='92-&" 9-(A$,'" $%&2=29,.$,2*=" %-.2=5" 70<*H2$" *=" O$#" J2=$9'" eg" $=%" <.*,'2=" ,0.*92='" J2=$9'"

$+,212,2'9"2=",7'"+'.'B.$("+*.,'H"*A"='`B*.="<25(',9?"Q'-.*+7'&"K'9"jD^Fi�f>?"

#�==29,�" V6"#'=%*($" M6" _2'(0"#6" m;]*-57(2=" 36"r'.%'." G6" O7'=" Z6" G7.'=,7$(" )R6" S.$=,T" _]" c>kDfd"

#$,'.=$("<90+72$,.2+"%29*.%'.9"$=%".29J"*A"<.','.&"B2.,7?"!=="G<2%'&2*(">f^DE�>k?"

#$*"36"/-=5"R6"32"KXK6"]2&"S"c>kk>d"Q'-.*=$("$<*<,*929"$99*+2$,'%"`2,7"&*.<72='",*('.$=+'^"'12%'=+'"

A*."$="*<2*2%X2=%-+'%"='-.*,*H2+"&'+7$=29&?"3"Q'-.*9+2">>^ifFk�iffD?"

#$.2=*1" #R6" Y$.B$-57" _/6" Y**<'9" M36" M2J-9" Y36" Y$.B$-57" KG" cDzzfd" Q'-.*<.*,'+,21'" 'AA'+,9" *A"

<.'29+7'&2$" 2=,.$$.,'.2$(" &$5='92-&" 9-(A$,'" 2=" .'1'.92B('" A*+$(" +'.'B.$(" 29+7'&2$?" 3" Q'-.*9-.5"

wF^DDi�D>E?"

#$..',"/"c>kkjd"�M7092*<$,7*(*50"*A"<'.21'=,.2+-($."('-J*&$($+2$�?"K'1"#'%"R.-H">E^EDf�EDz?"

#$..',"/6"R*==2'."O6"K$0&$+J'.9"3#6")'(<'+7"!6"G1.$.%"M6"S.'99'=9"M"cDzzzd"S(0+2='"$=,$5*=29,"$=%"

Qm" 90=,7$9'" 2=72B2,*." <.*,'+," ,7'" %'1'(*<2=5" &*-9'" B.$2=" $5$2=9," ='*=$,$(" 'H+2,*,*H2+" ('92*=9?"

M'%2$,."K'9"EF^jji�jE>?"

#$..'," /6" O7*(($," O6" %'"u-'('=" K6" M2=,*" O$.%*9*"S6" !B2(0X)*=1$(" ]6" O7$%2'" !6" V*..'" /6" g$=7-(('" O6"

#'((2'.")6" O7$.*(($29"!6" !=+'(" MXb6" K49'$-"%'"<4.2=$,$(2,4" '="Y$-,'XQ*.&$=%2'" c>kDFd" �O*-.9'" $=%"

='-.*(*52+$(vB'7$12*.$("%'1'(*<&'=,"*A"<.','.&"+72(%.'=�?"!.+7"M'%2$,.">>^DzF�>k>?"

#$..'," /6" S.'99'=9" M6" S$%299'-H" 3U6" G1.$.%" M" cDzzF$d" M.'1'=,2*=" B0" &$5='92-&" *A" 'H+2,*,*H2+"

='-.*=$("%'$,7" 2=",7'"%'1'(*<2=5"B.$2=^"$="$=2&$("&*%'(" A*."+(2=2+$(" 2=,'.1'=,2*="9,-%2'9?")'1"#'%"

O72(%"Q'-.*("ji^Eij�EwE?"

#$..',"/6"S.'99'=9"M6"g$=X#$'('XU$B.0"S6"M2+$.%"36"G1.$.%"M"cDzzid"O$AA'2='X2=%-+'%"%29,-.B$=+'9"*A"
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'$.(0"='-.*5'='929"2="`7*('"&*-9'"'&B.0*"+-(,-.'9?"R.$2="K'9"iij^>Dj�>Df?"

#$..'," /6"#$.+7$=%X#$.,2=" ]6" M2+$-%" 3XO6"Y$9+*h," 3X#6"!.=$-%"O6"K*T4" 3XO6" V.-AA'.," M6" ]$..*:-'"R6"

_$&2=9J2" #6" !=+'(" MXb6" GMeM!SG" /,-%0" S.*-<" c>kDj$d" R.$2=" 2=N-.0" 2=" 1'.0" <.','.&" +72(%.'=" $=%"

='-.*9'=9*.0" $=%" +*5=2,21'" %29$B2(2,2'9" %-.2=5" +72(%7**%^" ,7'" GMeM!SG" +*7*.," 9,-%0?" M]*/" mQG"

w^'f>fwj?"

#$..'," /6"#$.<'$-" ]6" R4=2+7*-" 3" c>kkwd" R'='A2," *A"&$5='92-&" 9-(A$,'" 521'=" B'A*.'" 1'.0" <.','.&"

B2.,7",*"<.*,'+,"2=A$=,"B.$2=?"M'%2$,.2+9"D>D^>>F�>>f?"

#$..'," /6" #$.<'$-" ]6" Z-<$=X/2&-='J" g6" G-.2=" )6" ]41I:-'" O6" Y'((*," #XU6" R4=2+7*-" 3" c>kkid"

#$5='92-&" 9-(<7$,'" 521'=" B'A*.'" 1'.0X<.','.&" B2.,7" ,*" <.*,'+," 2=A$=," B.$2=^" ,7'" .$=%*&29'%"

+*=,.*(('%"MKG#!S",.2$(¥?"R3mS"DDE^jDk�jDw?"

#$..'," /6" #-J'=%2" K6" S$%299'-H" 3U6" S.'99'=9" M6" G1.$.%" M" cDzzFBd" GAA'+," *A" 2B*,'=$,'" *=" B.$2="

%'1'(*<&'=,^"$="'H+2,*,*H2+"&*-9'"&*%'("*A"&2+.*50.2$"$=%"<*9,70<*H2+X(2J'"('92*=9?"3"Q'-.*<$,7*("

GH<"Q'-.*("FE^jFw�jik?"

#$..'," /6" g$=7-(('" O6" ]$:-'..2'.'" !" c>kDjBd" M$,7*<7092*(*50" *A" +'.'B.$(" <$(90?" Y$=%B" O(2="Q'-.*("

DDD^Dfz�Dif?"

#$..',"/6"Z-<$="g6"S.'99'=9"M6"]$5'.+.$=,T"Y6"G1.$.%"M"cDzzwd"�M'.21'=,.2+-($."('-J*&$($+2$"$=%"B.$2="

<.*,'+,2*=?"ee?")2$5=*9296"9':-'($'"$=%"='-.*<.*,'+,2*=�?"!.+7"M'%2$,."F^Fjw�FEF?"

#$99$" Y6" ]$+*7" OX#6" g-,9J2,9" ]" c>kD>d" GAA'+,9" *A" &*.<72='" *=" ,7'" %2AA'.'=,2$,2*=" $=%" 9-.121$(" *A"

%'1'(*<2=5"<0.$&2%$("='-.*=9"%-.2=5",7'"B.$2="5.*`,7"9<-.,?"V*H2+*("/+2"Djk^Dfw�Diz?"

#$9-J*" V6" _$972`$52" _6" _-=*" V6" Q5-0'=" Q)6" M$7J" !36" U-J-+72" 36" e5$.$972" _6" r2((2$&9" _" cDzzzd" !"

.'5-($,*.0"%*&$2=" cKDXK>d" 2=" ,7'" $&2=*" ,'.&2=-9"*A" ,7'"QX&',70(X)X$9<$.,$,'" .'+'<,*.^" 'AA'+,9" *A"

9<'.&2='6" <.*,*=96" $=%" 2A'=<.*%2(6" $=%" 9,.-+,-.$(" 92&2($.2,0" ,*" B$+,'.2$(" ('-+2='v29*('-+2='v1$(2='"

B2=%2=5"<.*,'2=?"#*("M7$.&$+*("FF^zFi�zfz?"

#$,9-%$" _6" U(',+7'."#6" _$&20$" b6" b-T$J2"#" c>kkjd" /<'+2A2+" $99'&B(0"`2,7" ,7'"Q#)!" .'+'<,*." jR"

9-B-=2," +*=,.*(9" 9-.A$+'" 'H<.'992*=" $=%" +$(+2-&" <'.&'$B2(2,0" *A" Q#)!" .'+'<,*.9?" 3" Q'-.*9+2"

>j^DkkfE�Dkkij?"

#$,9-%$" _6" _$&20$" b6"#$,9-%$" /6" b-T$J2"#" c>kk>d" O(*=2=5" $=%" +7$.$+,'.2T$,2*=" *A" $" =*1'(" Q#)!"

.'+'<,*."9-B-=2,"QKjR^"$"%*&2=$=,"9-B-=2,",7$,".'%-+'9"+$(+2-&"<'.&'$B2(2,0?"R.$2="K'9"#*("R.$2="

K'9"Dkk^Ej�F>?"

#$,,29*="Y!6"M*<*1J2=$")6"_$*"3Mb6"V7*&<9*="/#"c>kDEd"V7'".*('"*A"5(-,$&$,'"2=",7'"&*.<7*(*52+$("
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$=%"<7092*(*52+$("%'1'(*<&'=,"*A"%'=%.2,2+"9<2='9?"G-."3"Q'-.*9+2"jz^DifD�Diik?"

#$-+'.2" )6" S$.%*=2" U6" #$.+'((*" G6" )2" ]-+$" #" c>kkid" )-$(" .*('" *A" O$#_eeX%'<'=%'=," /!Mzi"

<7*9<7*.0($,2*="2="&'%2$,2=5",.$AA2+J2=5"$=%"2=9'.,2*="*A"Q#)!".'+'<,*."9-B-=2,"QK>!?"3"Q'-.*+7'&"

Dkk^Dkj>�DkEf?"

#$-(2J" )6" u$00-&" e6" M*`'((" /K6" _$.$=,T$" #6" #297.$" mM6" )'(21*.2$XM$<$%*<*-(*9" #" c>kkDd" M*9,X

70<*H2+" &$5='92-&" %'+.'$9'9" =-+('$." *H2%$,21'" %$&$5'" 2=" ,7'" A',$(" 5-2='$" <25" B.$2=?" R.$2=" K'9"

wzk^Djk�Djf?"

#$-(2J")6"Z$='((2" /6"Q-&$5$&2"b6"m7=2972"/V6"#297.$"mM6")'(21*.2$XM$<$%*<*-(*9"#" cDzzzd"mH05'="

A.''".$%2+$("5'='.$,2*="%-.2=5" 2=X-,'.*"70<*H2$" 2=",7'"A',$("5-2='$"<25"B.$2=^",7'"'AA'+,9"*A"&$,-.2,0"

$=%"*A"&$5='92-&"9-(A$,'"$%&2=29,.$,2*=?"R.$2="K'9"wDi^DDi�D>>?"

#$0'."#]"c>kkfd"S(-,$&$,'".'+'<,*.9"$,"$,*&2+".'9*(-,2*=?"Q$,-.'"EEk^EFf�Ef>?"

#+!=-(,0"S6")-AA0"UY6"_*9,$"/6"r'29'=A'(%"Qe6"r$.A2'(%"/_6"R-,('."/O6"R'.=9,'2="3Y6"Z-.$J*`9J2")6"!(9"

Y" c>kD>d" /+7**(" !5'" GAA'+,9" *A" ,7'" Q'`B*.=" e=%212%-$(2T'%" )'1'(*<&'=,$(" O$.'" $=%" !99'99&'=,"

M.*5.$&"A*."#'%2+$((0"]*`XK29J"M.','.&"e=A$=,9^"M.'(2&2=$.0"U2=%2=59?"3"O(2="Q'*=$,*("D^DwE�DzE?"

#+O*.&2+J"#O6" ]2,," 3/6" /&2,7"gO6" Z-<$=+2+" 3!U" c>kDDd" M.'&$,-.2,0^" $=" *1'.12'`" $=%"<-B(2+" 7'$(,7"

2&<(2+$,2*=9?"!==-"K'1"M-B(2+"Y'$(,7"j>^jfi�jiz?"

#+)*=$(%" 3r6" /2(1'.9,'2=" U/6" 3*7=9,*=" #g" cDzzkd" #$5='92-&" .'%-+'9" QX&',70(X)X$9<$.,$,'"

cQ#)!dX&'%2$,'%"B.$2="2=N-.0"2="<'.2=$,$(".$,9?"Q'-.*9+2"]',,"Dkz^>jE�>jw?"

#+S''."M]6"#+S''."GS"cDzw>d"_$2=2+"$+2%^"V7'"='-.*,*H2+"B.'$J,7.*-57?"O.2,"K'1"V*H2+*("Dk^D�>f?"

#+S.$,7"M36"C=.-7"!#"c>kk>d"V7'"9*+2$("+*=,'H,"*A"='*=$,$("<$2=?"O(2="M'.2=$,*(">z^FFF�Fi>?"

#+e=,*97"V_6"g2=J"K6"b$&$J$&2" e6" U$%'="!e" cDzwzd"#$5='92-&"<.*,'+,9"$5$2=9,"='-.*(*52+$("%'A2+2,"

$A,'."B.$2="2=N-.0?"R.$2="K'9"Ew>^>F>�>fk?"

#+#$=-9" #U6" Q$9.$(($7" e#6" S*<$(" MM6" R$'J" r/6" S*(%'=" 3!" c>kkEd" !H*=" &'%2$,'%" 2=,'.='-.*="

&25.$,2*=?"3"Q'-.*<$,7*("GH<"Q'-.*("fj^zj>�zED?"

#+Q$&$.$"YO6"O.*`,7'."O!6"R.*`="3" c>kDFd")2AA'.'=," ,.'$,&'=," .'52&'=9"*A"&$5='92-&"9-(<7$,'"

A*.",*+*(0929"2="`*&'="2="<.','.&"($B*-.?"O*+7.$='")$,$B$9'"/09,"K'1^O)kDD>kk?"

#+M7'.9*="O6"Y$9($&"#6"M2='%$"K6"K*5'.9"O6"Q'2("336"e=%'."VG"c>kDFd"R.$2="e=N-.0"$=%")'1'(*<&'=,"2="

M.','.&"e=A$=,9"GH<*9'%",*"U'=,$=0(?"!=="M7$.&$+*,7'."Ez^D>zD�D>zi?"

#+u-2(('="M/6"/7'(%*="K!6"/7$,T"O36"U'..2'.*")#"c>kkjd"/'('+,21'"1-(='.$B2(2,0"*A"9-B<($,'"='-.*=9"
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$A,'."'$.(0"='*=$,$("70<*H2$X29+7'&2$?"3"Q'-.*9+2">j^jjkw�jjDF?"

#%-&$" G6" G.9%$(" Y6" /1'=9'=" G6" _2%$=,*" Y6" !-'9,$%" R6" M'.(&$=" 3" c>kDFd" U.':-'=," B.2'A" *=X92,'"

92&-($,2*=" ,.$2=2=5" $=%" .'%-+,2*=" 2=" >EX7" ='*=$,$(" &*.,$(2,0XX$=" '%-+$,2*=$(" 2=,'.1'=,2*=" 9,-%0?"

K'9-9+2,$,2*="zj^D�i?"

#'%%*`9" G6" ]'" R*-.%'(('9" R6"S.2&`**%" /6"r$AA*.%" _6" /$=%7-" /6"r72,2=5" M6"#+e(72=='0"K!" c>kkDd"

e%'=,2A2+$,2*="*A"&*('+-($."%','.&2=$=,9",7$,"$.'"2&<*.,$=,"2=",7'"$99'&B(0"*A"QX&',70(X)X$9<$.,$,'"

.'+'<,*.9?"3"R2*("O7'&">if^DwizF�Dwwkj?"

#'(%.-&" R/" c>kkkd" S(-,$&$,'" $9" $" ='-.*,.$=9&2,,'." 2=" ,7'" B.$2=^" .'12'`" *A" <7092*(*50" $=%"

<$,7*(*50?"3"Q-,."Djk^Dkki/�DF/?"

#'(T$+J"K6"r$(("M)"cDzfFd"M$2="&'+7$=29&9^"$"='`",7'*.0?"/+2'=+'"DFk^ziD�ziz?"

#'=*=" K" c>kkwd" /<*=,$='*-9" <.','.&" B2.,76" $" +(2=2+$(" %2('&&$^" ',2*(*52+6" <$,7*<7092*(*52+" $=%"

5'=',2+"7','.*5'='2,2'9"$=%".$+2$("%29<$.2,0?"!+,$"mB9,',"S0='+*("/+$=%"wi^Fzk�fkk?"

#'=,"]K6"Y2.,T")6"Y�<<2"M/"c>kkzd"e&$52=5"B2*&$.J'.9"*A"*-,+*&'"2=",7'"%'1'(*<2=5"<.','.&"B.$2=?"

]$=+',"Q'-.*("w^DkE>�DkFF?"

#'=,"]K6"g*7."RK"c>kkwd"M.','.&"B2.,7"$=%",7'"%'1'(*<2=5"B.$2=?"]$=+',"Q'-.*("i^jiw�jiz?"

#'.+'."R#6"S*(%'=B'.5"K]6"#*$`$%"!Y6"#'29"M36"e$&9"3)6")$9"!U6"O$.2,29"/Q6"#2*%*1=2J"#6"#'=$.%"

#_6" V7-.=$-" SK6" )*&B.*`9J2" #M6" K*B'.,9" 3#6" #+Q'((29" )" cDzzzd" V7'" <.','.&" <.'%2+,2*=" 9,-%0^"

'AA'+," *A" 5'9,$,2*=$(" $5'" $=%" +$-9'" *A" <.','.&" B2.,7" *=" 9-B9':-'=," *B9,',.2+" *-,+*&'?" Q$,2*=$("

e=9,2,-,'" *A" O72(%" Y'$(,7" $=%" Y-&$=" )'1'(*<&'=," #$,'.=$(XU',$(" #'%2+2='" C=2,9" Q',`*.J?" !&" 3"

mB9,',"S0='+*("DwD^D>Df�D>>D?"

#'.+'." 3/6" G.2+J9*=Xm`'=9")!6"g*7."RK6" V-+J'."K36" M$.J'."!R6"m7"r6"M$%B-.0" 3U" c>kDfd" GAA'+,9"*A"

M($+'=,$(" V.$=9A-92*=" *=" Q'*=$,$(" $=%" Dw" #*=,7" m-,+*&'9" 2=" M.','.&" e=A$=,9^" !" K$=%*&2T'%"

O*=,.*(('%"V.2$(?"3"M'%2$,."Dfw^Fk�FF?'D?"

#'992'."!#6"m7(9"K_"c>kDEd"Q'-.*<.*,'+,21'"'AA'+,9"*A"'.0,7.*<*2'929X9,2&-($,2=5"$5'=,9"2=",'.&"$=%"

<.','.&"='*=$,'9?"O-.."m<2="M'%2$,.">f^Djz�DEF?"

#2+7'(" U6" ]$=%*" !6" !-B.0" O6" !.=$-%" /6" #'..*," V6" #$.,2=" O" c>kkwd" GH<'.2'=+'" `2,7" .'&2A'=,$=2(X

9'1*A(-.$='"B$($=+'%"$='9,7'92$" A*."$B%*&2=$(" 9-.5'.0" 2="='*=$,'9"$=%"+72(%.'=" ('99" ,7$=">"0'$.9?"

M$'%2$,."!=$'9,7"Dw^Fj>�Fjw?"

#2+-" e6" 32$=5" u6" O*%'..'" G6" K2%9%$('" !6" Z7$=5" ]6" r*-(A'" 36" b2=" �6" V.$<<" R)6" #+K*.0" 3G6" K'7$J" K6"

Z$&<*=2" Sr6"r$=5"r6" /,09" M_" c>kkfd" Q#)!" .'+'<,*.9" &'%2$,'" +$(+2-&" $++-&-($,2*=" 2=" &0'(2="
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%-.2=5"+7'&2+$("29+7$'&2$?"Q$,-.'"Ejz^zww�zz>?"

#2($=*12+")6"M'92+"g6"]*=+$.'12+Xg$92(NJ*12+"Q6"!1.$&*12+"g6"V'92+"g6"3'1,*12+XV*%*.*12+"g6"_$=$T2."/6"

K-T%2N2+"/"c>kDid"Q'*=$,$("M.*<*A*("!='9,7'92$"O7$=5'9"GH<.'992*="*A"/0=$<,2+"M($9,2+2,0"M.*,'2=9"$=%"
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III Annexe 3 : Does remifentanil have a place for sedation in case of 
endotracheal intubation or minimally invasive surfactant therapy in 
neonates ? 
Neonatology. 2017;112(4):372-373. doi: 10.1159/000479622. Epub 2017 Sep 2 


