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LEKU** b$w(T,*YS*f%"U*P",)%0!7-./ #1/7-.2/!1("8 #*/7#0/"7-.'!-./" #,(8,6I/'7 U*̂ U*+,)3,$_*LJFIU*

LFMU** 98'T/3%#%*pN*]/8/$/(2)/ *AN*X(2,)" *XiN*X#,$.)"4*AU*̂ /1 *i'"(#)%"8*;,#S,," *#2,*1,&)(.,8*%B*
3/(/5', *B%-,/.*(%",8U*R!7!%"#O/7U*LKKD_EDWLMZ[LJMK<LJLGU*&%)[LMULMLHmMMFD<
HKJKWKDZKMMFD<h *

LFLU** :/.T)"8 *ViN*X(2,)" *XiN*98'T/3%#%*pN*X#,$.)"4*AU*] */"& *R*(%",8*)"*3/(/5', *B%-,/*(%"",(#*#%*
3)&4,#*4/"4.)%"*(,..8*;7 *&)BB,$,"#*"'3;,$8 *%B*,?()#/#%$7*87"/18,8U*S,)(2/ U*
LKKF_EILWHFKDZ[IM<IDU*&%)[LMULMEJmEILMIM/M*

LFDU** :'$()% *:/N*],88)"4,$ *v&N*X.%/"*g$N*,#*/.U*h'3/" *(2%$)%$,#)"/.*./7,$*#2)(T",88,8*3,/8'$,& *)"*
3/('./ <S)&,N*2)42<$,8%.'#)%"*2)8#%.%4)(*8,(#)%"8U*X"$/7)#Q6.).,'0%' #R!7#<-!U*
DMLL_GDWIZ[EKFE<EKGFU*&%)[LMULLHIm!%-8ULM<HEII*

LFEU** f,$2%,BB*C2U*6 *2)#2,$#%*'"&,8($);,& *3,3;$/", *%B*#2,*,7, */"& *)#8*8)4")B)(/"(,U*U%7)%"#:/* #
<(28#FU*LKME_LFKWLIZ[FGH<FGJU*&%)[LMULMGHmj,i3LKMELMDDLFKLIMG*

LFFU** h,$S)4*](N *]w..,$ *63N*h%. *̀C4N*R%,BB.,$*g'U*]%$12%.%4)(*/"/.78)8*%B*/$#)B/(#8*)"*2'3/" *
B,#/.*,7,8*(%"B%'"&)"4*2)8#%1/#2%.%4)(*)"-,8#)4/#)%"8U*X"$/7)#Q6.).,'0%' #R!7#<-!U*
DMLL_GDWGZ[DILDU*&%)[LMULLHIm!%-8ULM<HEML*



! #) !

LFGU** Y/4., *+(U*V4/#6,).%'%84e#," #,)',7 #,"* #)/;) U*D"&*Y&U*x%.#,$8*g.'S,$ *h,/.#2mR)11)"(%##*
x)..)/38 *† *x).T)"8_*DMLLU*

LFHU** :2," *RN*],88)"4,$ *v&N*~2/"4 *pN*,#*/.U*X';$,#)"/. *&$'8,"%)&*&,1%8)#*)"*/4, <$,./#,&*3/('./$ *
&,4,",$/#)%"[*2)8#%.%4)(*)"8)42#8*)"#%*)")#)/#)%"N*1$%4$,88)%"*#%*/#$%127N*/"& *)3/4)"4U*O/)!", U*
DMDM_FMWFZ[HLJ<HELU*&%)[LMULMKIm!/,UMMMMMMMMMMMMDHGI*

LFIU** X/$T8*X2U*64,)"4 */"& *&,4,",$/#)%"*)"*#2,*3/('./$ *$,4)%"[*/ *(.)")(%<1/#2%.%4)(/.*8#'&7U*U2#F#
Q6.).,'0%' U*LKIH_HMWGZ[EDF<EFLU*&%)[LMULLEHmbi%UHMUGUEDF*

LFJU** ^'73,$ *+2N*+%8,"B,.&*AiN*:'$()% *:/N*,#*/.U*!"(%31.,#, *$,#)"/.*1)43,"#*,1)#2,.)/. */"& *%'#,$*
$,#)"/.*/#$%127*)"*/4, <$,./#,&*3/('./$ *&,4,",$/#)%"U*Q6.).,'0%'%84U*DMDM_LDIWEZ[EKF<FMKU*
&%)[LMULMLHmvU=12#2/UDMLKUMKUMEG*

LFKU** R)*]N *V%.<̀]/$(% *+N*],88)"4,$ *vN*,#*/.U*j,'$%&,4,",$/#)%"N*4.)%8)8N*/"& *$,8%.'#)%"*%B*
2/,3%$$2/4,*)"*",%-/8('./ $*/4, <$,./#,&*3/('./$ *&,4,",$/#)%"N*/ *(.)")(%1/#2%.%4)(*
(%$$,./#)%"U*V4/U*A';.)82,& *=".)", *]/7 *LN*DMDM[L<LLU*&%)[LMULMEJmXFLFEE<MDM<MJKH<p *

LGMU** ^2/`) *j4N*̂ $,," *x$U*A/#2%.%47*/"& *1/#2%4,",8)8*%B*$,#)"/.*&,#/(23,"#U*V4/U*
DMMD_LHWFZ[FLL<FDLU*&%)[LMULMEJmXiUY7,UHIMMLKI*

LGLU** x)..)/38 *V8N*6$)T/S/ *gN*A//..78/2%*9U*:7#%8T,.,#/.*(%31%","#8*%B*#2,*/&2,$,"8*i'"(#)%"8*
;,#S,," *#2,*12%#%$,(,1#%$8*/"& *#2,*8'11%$#)-,*]w..,$ *(,..8[*(7#%8T,.#%"*%B*/&2,$,"8*
i'"(#)%"8*)"*#2,*$,#)"/U*F#B%06#S/(2%'U*LKKM_DKGWLZ[LGG<LHFU*&%)[LMULMMDm:",UKMDKGMLLE*

LGDU** ~/"`%##,$/*Y(N*],88)"4,$ *v&N*6(2 *9N*,#*/.U**92, *1$%i,(#*3/('./ *$,#)"/.*1)43,"#*,1)#2,.)'3 *
4$/&)"4*878#,3*B%$*2)8#%.%47*/"& *%1#)(/.*(%2,$,"(, *#%3%4$/127*)"*/4, <$,./#,&*3/('./$ *
&,4,",$/#)%"U*X"$/7)#Q6.).,'0%' #R!7#<-!U*DMLG_GHWGZ[EDGEU*&%)[LMULLHIm!%-8ULG<LHFEL*

LGEU** R)##8*g3N*],88)"4,$ *v&N*V,../#%$$,*gN*,#*/.U*:.)")(%1/#2%.%4)(/.*(%$$,./#)%"*%B*%'#,$*$,#)"/.*
#';'./#)%" *)"*/4, <$,./#,&*3/('./$ *&,4,",$/#)%"U*FP:P #Q6.).,'0%' U*DMLG_LEEWGZ[HMK<HLDU*
&%)[LMULMMLmv/3/%12#2/.3%.UDMLGULDH*

LGFU** 63,$ *+N*j/.(‡ *hN*p/.ˆ‡"&/‰*jU*Y?'&/#)-, *$,#)"/.*&,#/(23,"#U*<(2$/4#%I#Q6.).,'0%'%84U*
DMLI_HDWHZ[IDE<IHKU*&%)[LMULMLHmvUX'$-%12#2/.UDMLIUMGUMML*

LGGU** b2/-8/$ *g-N*])(2,. *~N*̂ $,,"S/.& *]N *:'"")"42/3 *Y#N*C$,'"&*g;U*+,#)"/. *)"i'$7 *B$%3*
2/"&2,.&*./8,$8[*/ *$,-),SU*<(2$/4#%I#Q6.).,'0%'%84U*A';.)82,& *=".)", *v'.7 *
DMDM[XMMEKHDGIDMEMLME?U*&%)[LMULMLHmvUX'$-%12#2/.UDMDMUMHUMMH*

LGHU** b'$T, *9$N*:2' *:iN*X/.-/#%$,*XN*,#*/.U*611.)(/#)%"*%B*%(#</"4)%4$/127*#%*(2/$/(#,$)8,*#2,*
,-%.'#)%"*%B*(2%$)%$,#)"/.*.,8)%"8*)"*/('#, *1%8#,$)%$*3'.#)B%(/.*1./(%)&*1)43,"#*
,1)#2,.)%1/#27U*V4/U*DMLI_ELWLMZ[LEKK<LFMJU*&%)[LMULMEJmY7,UDMLIULJM*

LGIU** b$/$*]N*X2/$3/ *]N *̂ $,S/. *X18N*̂ $,S/. *V8U*9$,/#3,"#*$,81%"8,*)"*8731/#2,#)(*%12#2/.3)/*
/8*/88,88,&*;7 *S)&,B),.&*%(#*/"4)%4$/127U*Q6.).,'0!- #<(28#W,7/27#X0,8!"8#O/)!", U*
DMLJ_FKWKZ[IDH<IEMU*&%)[LMUEKDJmDEDGJLHM<DMLJMJEL<LE*

LGJU** j)(%.%*]N *+%8/*+N*]'8,##) *VN*]'8%.)"%*]N *9$/-,$8%*:,U*Y/$.7*8S,1#<8%'$(,*%1#)(/.*
(%2,$,"(, *#%3%4$/127*/"4)%4$/127*B)"&)"48*)"*'")./#,$/. */('#, *)&)%1/#2)(*3/('.%1/#27U*
Q6.).,'0!- #<(28#W,7/27#X0,8!"8#O/)!", U*DMLH_FIWDZ[LJM<LJDU*&%)[LMUEKDJmDEDGJLHM<
DMLHMLDH<LE*



! #*!

LGKU** A/$T*v2N*R,, *X<pN*R,, *YTU*]%$12%.%4)(/.*(2/$/(#,$)8#)(8*%B*%('./$*#%?%1./83%8)8*/"& *)#8*
$,4$,88)%"*1/##,$"*%"*8S,1#<8%'$(,*%1#)(/.*(%2,$,"(, *#%3%4$/127*/"4)%4$/127[*/ *(/8, *$,1%$#U*
U:B #Q6.).,'0%'%84U*DMLK_LKWLZ[LKKU*&%)[LMULLJHmXLDJJH<MLK<LDMK<J*

LHMU** 9%.,&%*viN*68,"()%*]N *̂ /$(ƒ/ *v$N*,#*/.U*=(#*/"4)%4$/127[*)3/4)"4 *%B*(2%$%)&/.*/"& *$,#)"/.*
#'3%$8U*Q6.).,'0%'%84#O/)!", U*DMLJ_DWHZ[HLE<HDDU*&%)[LMULMLHmvU=$,#UDMLIULMUMMH*

LHLU** ]/#,# *6N*V/$')(2 *6N*h/$&7*XN*b,2/$ <:%2," *CU*A/##,$"8*%B*(2%$)%(/1)../$)8*B.%S*8)4"/.*-%)&8*
)"*(,"#$/.*8,$%'8*(2%$)%$,#)"%1/#27[*/" *%1#)(/.*(%2,$,"(, *#%3%4$/127*/"4)%4$/127*8#'&7U*
O/)!",D#DMLK_EKWLLZ[DLIJ<DLJJU*&%)[LMULMKIm!/,UMMMMMMMMMMMMDDIL*

LHDU** 9%#2*:/N*]%$8,*R8N*hi,.3,./"& *R3N*R/"&,$8*];U *C);$)"*&)$,(#8*,/$.7*$,#)"/.*&/3/4, */B#,$*
,?1,$)3,"#/. *8';$,#)"/. *2,3%$$2/4,U*P2-.#Q6.).,'0%' U*LKKL_LMKWGZ[IDE<IDKU*
&%)[LMULMMLm6$(2%12#ULKKLUMLMJMMGMLEKMFH*

LHEU** =")82)*6(N*+%;,$#8*ATN*v/31%.*R3N*j,81,$ *A.N*C/S`) *6/U*:2/$/(#,$)`/#)%"*/"& *(%$$,./#)%"*%B*
Šv/31%.*&%#8‹*%"*/&/1#)-,*%1#)(8*S)#2*B%-,/.*4$/"'./$)#7*%"*(%"-,"#)%"/.*B'"&'8*)3/4)"4[ *
O/)!", U*DMLK_EKWDZ[DEG<DFHU*&%)[LMULMKIm!/,UMMMMMMMMMMMMLKGJ*

LHFU** h%$#%"*v(N*A/$T,$*6;N*b%#,.2%*v-N*V'"(/" *v.U*X1%"#/",%'8*$,4,",$/#)%"*%B*2'3/" *
12%#%$,(,1#%$*%'#,$*8,43,"#8U*<-!#O/6U*DMLG_GWLZ[LDEHFU*&%)[LMULMEJmX$,1LDEHF*

LHGU** ]$,i," *XN*A/"4 *:,N*X/$$/B*VN*,#*/.U*6&/1#)-, *%1#)(8*)3/4)"4 *%B*(%",*3%8/)(*/;"%$3/.)#),8*)"*
/('#, *3/('./$ *",'$%$,#)"%1/#27U*Q6.).,'0!- #<(28#W,7/27#X0,8!"8#O/)!", U*DMLF_FGWHZ[GHD<
GHKU*&%)[LMUEKDJmDEDGJLHM<DMLFLLLJ<LD*

LHHU** =%#%*XN*h/"4/) *]N *X/T/3%#%*6N*,#*/.U*h)42<$,8%.'#)%"*)3/4)"4 *%B*$,8%.-,&*(,"#$/.*8,$%'8*
(2%$)%$,#)"%1/#27*'8)"4 */&/1#)-,*%1#)(8*8(/"")"4 *./8,$*%12#2/.3%8(%17U*DMLM_LLIWKZ[LDU*

LHIU** +,'3',..,$ *6N*x/88,$3/"" *RN*X/./8*]N *,#*/.U*]%$12%.%4)(*/"& *B'"(#)%"/.*/88,883,"#*%B*
12%#%$,(,1#%$8*/B#,$*3/('./ <%BB*$,#)"/.*&,#/(23,"# *S)#2*/&/1#)-,<%1#)(8*%(#*/"& *
3)($%1,$)3,#$7U*P0/2!-," #F%(2",'#QI#Q6.).,'0%'%84U*DMDM_DLF[ID<JGU*
&%)[LMULMLHmvU6i%UDMLKULDUMLG*

LHJU** R)"8,"3,),$ *+/N*b$/'" *+&U*=?74," *&)8#$);'#)%"*/"& *(%"8'31#)%"*)"*#2,*(/#*$,#)"/*&'$)"4*
"%$3%?)/*/"& *271%?,3)/U*F#Y/" #Z.47!%'U*LKKD_KKWDZ[LII<LKIU*&%)[LMULMJGmv41UKKUDULII*

LHKU** x,8#,$3/"" *bU*])#%(2%"&$)/.*B'8)%"*/"& *B)88)%" *)"*(,.. *.)B,*/"& *&,/#2U*S,) #O/$#:%' #B/'' #
U!%'U*DMLM_LLWLDZ[JID<JJFU*&%)[LMULMEJmj$3EMLE*

LIMU** p%'., *+iN*f/" *V,$*b.),T *63U*])#%(2%"&$)/.*B)88)%"N*B'8)%"N*/"& *8#$,88U*<-!/"-/ U*
DMLD_EEIWHMKJZ[LMHD<LMHGU*&%)[LMULLDHmX(),"(,ULDLKJGG*

LILU** R,B,-,$, *YN*9%B#<g,2 .,$*6TN*f%2$/*+N*,#*/.U*])#%(2%"&$)/.*&78B'"(#)%"*'"&,$.7)"4 *%'#,$*
$,#)"/.*&)8,/8,8U*:!)%-.%"*2!%"U*DMLI_EH[HH<IHU*&%)[LMULMLHmvU])#%UDMLIUMEUMMH*

LIDU** :2/"4 *v7<6N*X2)*RN*g%*].N *g%*̂ 7 <AU*:)$(/&)/" *$,4'./#)%"*%B*3)#%(2%"&$)/.*&7"/3)(8 *)"*
$,#)"/.*12%#%$,(,1#%$8U*F#U!%'#O.4).07U*DMLJ_EEWDZ[LGL<LHGU*&%)[LMULLIImMIFJIEMFLJIHDLGD*

LIEU** ^)/$3/$(%*]3N *b$%(T*V(N*+%;;)"48*b3N*,#*/.U*V/).7*3)#%(2%"&$)/.*&7"/3)(8 *)"*(%",*
12%#%$,(,1#%$8U*Z2%-#S,)' #P-,* #<-!#[ #<#PU*DMDM_LLIWFHZ[DJJLH<DJJDIU*
&%)[LMULMIEmA"/8UDMMIJDILLI*



! $+!

LIFU** h'##%*+/N*b)8;/(2 *:3N*6;;/8 *CN*,#*/.U*!"($,/8)"4 *:/DŒ*)"*12%#%$,(,1#%$*3)#%(2%"&$)/*/.#,$8*
3,#/;%.)#,8N*/((,.,$/#,8 *12%#%$,81%"8,*$,(%-,$7N*/"& *$,-,/.8 */&/1#/#)%"8*#%*3)#%(2%"&$)/.*
8#$,88U*B/'' #3/,). #3!II/2 U*DMDM_DIWEZ[LMHI<LMJGU*&%)[LMULMEJmXFLFLJ<MLK<MEKJ<D*

LIGU** 6"&,$8%"*V2N*X#,$"*x2N*C)82,$*XTN*Y$)(T8%"*A/N*b%$4'./*̂ /U*+,#)"/. *&,#/(23,"# *)"*#2,*(/#[*
#2,*1)43,"#*,1)#2,.)/.<12%#%$,(,1#%$*)"#,$B/(,U*X"$/7)#Q6.).,'0%' #R!7#<-!U*LKJE_DFWIZ[KMH<
KDHU*

LIHU** 6"&,$8%"*V2N*̂ '0$)" *:iN*Y$)(T8%"*A/N*X#,$"*x2N*C)82,$*XTU*]%$12%.%4)(/.*$,(%-,$7*)"*#2,*
$,/##/(2,&*$,#)"/U*X"$/7)#Q6.).,'0%' #R!7#<-!U*LKJH_DIWDZ[LHJ<LJEU*

LIIU** R,S)8*̂ 1 N*:2/$#,$)8*V4N*X,#2)*:8N*,#*/.U*92, */;).)#7*%B*$/1)&*$,#)"/.*$,/##/(23,"#*#%*8#%1*%$*
$,-,$8,*#2,*(,..'./$ */"& *3%.,('./$ *,-,"#8 *)")#)/#,&*;7 *&,#/(23,"#U*X"$/7)#Q6.).,'0%' #R!7#<-!U*
DMMD_FEWIZ[DFLD<DFDMU*

LIJU** X/T/)*9N*:/.&,$%", *v;N*R,S)8*̂ 1N*,#*/.U*:%", *12%#%$,(,1#%$*$,(%-,$7*/B#,$*,?1,$)3,"#/. *
&,#/(23,"# */"& *$,/##/(23,"#[*/" *)33'"%(7#%(2,3)(/.N*3%$12%.%4)(/.N*/"& *
,.,(#$%1278)%.%4)(/.*8#'&7U*X"$/7)#Q6.).,'0%' #R!7#<-!U*DMME_FFWLZ[FLH<FDGU*
&%)[LMULLHIm!%-8UMD<MHEE*

LIKU** R)"8,"3,),$ *+/N*A/&")(T€X).-,$*RU*],#/;% .)(*&,1,"&,"(, *%B*12%#%$,(,1#%$8*%"*#2,*(2%$%)&*
)"*#2,*"%$3/.*/"& *&,#/(2,&*$,#)"/U*X"$/7)#Q6.).,'0%' #R!7#<-!U*DMMM_FLWLMZ[ELLI<ELDEU*

LJMU** C)82,$*XgN*R,S)8*^AU*]w..,$*(,..*/"&*",'$%"/.*$,3%&,.)"4*)"*$,#)"/.*&,#/(23,"#*/"&*
$,/##/(23,"#*/"&*#2,)$*1%#,"#)/.*(%"8,5',"(,8*B%$*-)8'/.*$,(%-,$7[*/*$,-),S*/"&*
$,(%"8)&,$/#)%"*%B*$,(,"#*&/#/U*R!7!%"#O/7U*DMME*61$_FEWJZ[JJI<KIU*&%)[*LMULMLHm8MMFD<
HKJKWMDZMMHJM<HU*A]!V[*LDHHJMGJU*

*
LJLU** x/"4*RN*g%"&%*]N*b)..*6U*^.'(%8,*3,#/;%.)83*)"*(/#*%'#,$*$,#)"/U*YBB,(#8*%B*.)42#*/"&*

271,$%?)/U*X"$/7)#Q6.).,'0%'#R!7#<-!U*LKKI*v/"_EJWLZ[FJ<GGU*A]!V[*KMMJHDKU*
*
LJDU** R/f/). *]]U*+%&*%'#,$*8,43,"#*&)8T*82,&&)"4*)"*$/#*$,#)"/[*$,./#)%"82)1*#%*(7(.)(*.)42#)"4U*

<-!/"-/ U*LKIH*V,(*E_LKFWFDHKZ[LMIL<FU*&%)[*LMULLDHm8(),"(,UKJDMHEU*A]!V[*KJDMHEU*
*
LJEU** :2)"(2%$,*pN*b,4/i*9N*x'*VN*,#*/.U*^.7(%.7#)(*$,.)/"(,*1$%3%#,8*/"/;%.)83*)"*

12%#%$,(,1#%$8U*V'!I/ U*DMLI*v'"*K_H[,DGKFHU*&%)[*LMUIGGFm,R)B,UDGKFHU*A]!V[*DJGKJEDK_*
A]:!V[*A]:GFKKKFGU*

*
LJFU** A/"*xxN*x';;,"*9vN*b,8)$.)*:^U*A2%#%$,(,1#%$*3,#/;%.)(*$,1$%4$/33)"4[*('$$,"#*

'"&,$8#/"&)"4*/"&*#2,$/1,'#)(*)31.)(/#)%"8U*B%00("#U!%'U*DMDL*C,;*DF_FWLZ[DFGU*&%)[*
LMULMEJm8FDMME<MDL<MLIHG<EU*A]!V[*EEHDIIIJ_*A]:!V[*A]:IKMFKDDU*

*
LJGU** f/"&,$*h,)&,"*]^N*:/"#.,7 *R:N*92%318%"*:bU*n"&,$8#/"&)"4*#2,*x/$;'$4*,BB,(#[*#2,*

3,#/;%.)(*$,5')$,3,"#8*%B*(,..*1$%.)B,$/#)%"U*<-!/"-/ U*DMMK*]/7*DD_EDFWGKEMZ[LMDK<EEU*&%)[*
LMULLDHm8(),"(,ULLHMJMKU*A]!V[*LKFHMKKJ_*A]:!V[*A]:DJFKHEIU*

*
LJHU** +,30*:YN*p%'"4*+xU*92,*,BB,(#8*%B*2);,$"/#)%"*%"*(%",*-)8'/.*(,..8*)"*#2,*4$%'"&*85')$$,.U*

X"$/7)#Q6.).,'0%'#R!7#<-!U*LKII*X,1_LHWKZ[JLG<FMU*A]!V[*JKEMEDU*
*
LJIU** ]%$/S8T)*gN*v•&$7(2%S8T/<v/3;%$8T/*vN*g';)(T/<9$`Ž8T/*6N*+%3/"%S8T/<V)?%"*bU*

XS,1#<8%'$(,*%1#)(/.*(%2,$,"(,*#%3%4$/127*#%*&,#,$3)",*#2,*$,(%-,$7*%B*$,#)"/.*./7,$8*/B#,$*
)"-,$#,&*)"#,$"/.*.)3)#)"4*3,3;$/",*B./1*#,(2")5',*B%$*3/('./$*2%.,[*(%$$,./#)%"*S)#2*-)8'/.*



! $"!

/(')#7*)31$%-,3,"#U*O/)!", U*DMLK*j%-_EKWLLZ[DMKK<DLMHU*&%)[*
LMULMKIm!6YUMMMMMMMMMMMMDDKIU*A]!V[*EMLGILLDU*

*
LJJU** R)*]N *V%.<̀]/$(% *+N*h')8)"42 *:N*,#*/.U*:.)")(%1/#2%.%4)(*(%$$,./#)%"*%B*4,%4$/12)(*/#$%127*

8,(%"&/$7*#%*/4, <$,./#,&*3/('./$ *&,4,",$/#)%"U*O/)!", U*DMLK_EKWFZ[JMD<JLHU*
&%)[LMULMKIm!/,UMMMMMMMMMMMMDFHL*

LJKU** R%,BB.,$*g'N*R,, *x$U*9,$3)"%.%47*%B*8'; <+AY*&,1%8)#8[*&%*S, */.. *81,/T*#2,*8/3, *./"4'/4,• *
U2!)!7.#F%(2",'#%I#Q6.).,'0%'%84U*LKKJ_JDWLMZ[LLMF<LLMGU*&%)[LMULLEHmbi%UJDULMULLMF*

LKMU** p/"%BB*]N *X/88/")*vSU*LL*<*",'$/. *W8,"8%$7Z*$,#)"/U*!"[ *p/"%BB*]N *X/88/")*vSN*Y&8U*Q-(',2 #
6,).%'%84#a/!8.). #/*!)!%"bU*Y.8,-),$_*DMDM[FMI<FJMUYLDU*V%)[LMULMLHmbKIJ<M<EDE<GFIGG<
MUMMMLL<G*

LKLU** 644/$S/. *gN*64/$S/. *6N*V,%T/$*6N*,#*/.U*V)8#)"4')82)"4*B,/#'$,8*%B*/('#, *f%4#<g%7/"/4)<
h/$/&/ *&)8,/8,*/"& */('#, *(,"#$/.*8,$%'8*(2%$)%$,#)"%1/#27*%"*%1#)(/.*(%2,$,"(, *#%3%4$/127*
/"4)%4$/127*/"& *," *B/(,*%1#)(/.*(%2,$,"(, *#%3%4$/127*)3/4)"4U*F#Q6.).,'0!- #X"I',00 #
X"I/-)U*DMLI_IWLZ[EU*&%)[LMULLJHmXLDEFJ<MLH<MLDD<~*

LKDU** b%$$,..)*YN*X/$$/B*VN*C$,'"&*g;N*X/&&/*X$U*=(#*/"4)%4$/127*/"& *,-/.'/#)%" *%B*#2,*(2%$%)&*
/"& *(2%$%)&/.*-/8('./$ *&)8%$&,$8U*Z2%8#O/)!"#V4/#O/7U*DMLJ_HI[EM<GGU*
&%)[LMULMLHmvUA$,#,7,$,8UDMLJUMIUMMD*

LKEU** b/./$/#"/8)"4/3 *:N*C$,'"&*g;N*9/" *63N*,#*/.U*b'..%'8 *-/$)/"#*%B*(,"#$/.*8,$%'8*
(2%$)%$,#)"%1/#27[*,?1/"8)%"*%B*12,"%#71)(*B,/#'$,8*'8)" 4*3'.#)3,#2%&*)3/4)"4U*
Q6.).,'0%'%84U*DMLH_LDEWIZ[LGFL<LGGDU*&%)[LMULMLHmvU=12#2/UDMLHUMEUMLI*

LKFU** :2," *RN*],88)"4,$ *v&N*X.%/"*g$N*,#*/.U*j%",?'&/#)-, *3/('./$ *",%-/8('./$)`/#)%"*8'11%$#)"4*
%'#,$*$,#)"/*)"*/4, <$,./#,&*3/('./$ *&,4,",$/#)%"[*/ *(.)")(%1/#2%.%4)(*(%$$,./#)%"U*
Q6.).,'0%'%84U*DMDM_LDIWIZ[KEL<KFIU*&%)[LMULMLHmvU=12#2/UDMDMUMLUMFM*
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! $#!

D*4(%,8!,$!.04,#',8!',8!C*4(%,8!!

*

D*4(%,!EA!6'/1$0, !',!D,%#F#',G <6-,../#,'/!B!,$!/.A ! !H0)&..,3,#$!',!./!)&()2,!;/)*../*%,!

/88&)*0!I!(#,!3/)(.&1/$2*,!*'*&1/$2*5(,!/*4(J!,$!878$K3,!'>/##&$/$*&#!1%&1&80A!

!

*

6U* R/*12%#%4$/12),*(%'.,'$*&'*B%"&*&>t).*&>'"*2%33,*&,*EL*/"8*1$08,"#/"#*'",*1,$#,*&,*-)8)%"*

&,*.>t).*&$%)#*3%"#$,*'",*0.0-/#)%"*B%-0/.,*i/'"O#$,*/-,(*'",*B)",*;%$&'$,*i/'",*10$)120$)5',*

W1%)"#,*&,*B.Q(2,*;./"(2,ZU**

bU* R,*8(/"*&,*./*#%3%4$/12),*1/$*(%20$,"(,*%1#)5',*WXV<=:9Z*3%"#$,*'"*&0(%..,3,"#*&,*./*

(%'(2,*;/()../)$,*B%-0/.,*Wb6R6VZ*/-,(*&,*1,#)#,8*`%",8*&,*&0(%..,3,"#*80$,'?*&,*./*$0#)",*

,"-)$%""/"#,U*j%#,`*./*1,$#,*,#*.c271%$0B.,(#)-)#0*&,*.>/$(2)#,(#'$,*(2%$%\&),"",*)"#,$",*8%'8*.,8*

`%",8*&,*3%&)B)(/#)%"8*$0#)"),"",8*8'8<i/(,"#,8U*R,*(/&$,*;./"(*,"*1%)"#)..08*)"&)5',*./*`%",*

$,1$08,"#0,*8'$*./*-',*/4$/"&),*W:ZU*

:U* XV<=:9* 3/4")B)0*&' *b6 R6VU*R/*8()88)%"*&,*./*$0#)",*,?#,$",*8,*1$%&')#*/'*")-,/'*&,*./*

`%",*37%\&,*271%$0B.,(#)-,*W]~N*#d#,*&,*B.Q(2,*-,$#,Z*8%'8*./*3,3;$/",*.)3)#/"#,*,?#,$",*WYR]N*

#d#,*&,*B.Q(2,*;.,',ZN*./)88/"#*.,8*(%'(2,8*$,8#/"#,8*&,8*12%#%$0(,1#,'$8*WB$/43,"#8*&,*./*]~N*`%",*

,..)18%\&,*WY~N*#d#,*&,*B.Q(2,*$%'4,Z*,#*`%",*&>)"#,$&)4)#/#)%"*W!~N*#d#,*&,*B.Q(2,*%$/"4,ZZ*/&20$,"#,8*

/'*(%31.,?,* 01)#20.)'3*1)43,"#/)$,*$0#)"),"*<*3,3;$/",* ;/8/.,* <*3,3;$/",*&,*b$'(2*W+bbN*#d#,*

&,*B.Q(2,*i/'",Z*a*./*;/8,*&' *b6R6VU*R,*@1./B%"&@*%'*;%$&*/"#0$),'$*&' *b6R6V*W#d#,*&,*B.Q(2,*

;./"(2,Z*/11/$/{#*(%33,*'",*;/"&,*4$/"'./)$,* 271,$$0B.,(#)-,N*(%"#,"/"#*1$%;/;.,3,"#*&,8*

B$/43,"#8*$,8#/"#8*&,*./*`%",*37%\&,*,#*&,8*8,43,"#8*)"#,$",8*,#*,?#,$",8*&,8*12%#%$0(,1#,'$8*,"*

$040"0$/#)%"U*R,*@1./"(2,$@*%'*;%$&*1%8#0$),'$*&' *b6R6V*W#d#,*&,*B.Q(2,*;./"(2,Z*,8#*&0.)3)#0*1/$*

'",*;/"&,*01/)88),*&,*$0B.,(#)-)#0*20#0$%4Q",U*R/*1/$#),*/"#0$),'$,*&'*1./"(2,$*&' *b6R6V*,8#*

(%"#)"',*/-,(*./*`%",*,..)18%\&,*WY~N*1%)"#,*&,*B.Q(2,*$%'4,Z*&,*./*$0#)",*/&i/(,"#,*/##/(20,U*j%#,`*

.,*3/#0$),.*271,$$0B.,(#)B*a*.>)"#0$),'$*&,*.>,81/(,*(78#%\&,*($00*1/$*.,*b6R6VU*:,*878#Q3,*

&c/""%#/#)%"8*WB.Q(2,8*(%.%$0,8Z*,8#*'#).)80*1%'$*.,8*/'#$,8*B)4'$,8*&,*.c/$#)(.,U*

*

!



! $$!

D*4(%,!LA!H0)&..,3,#$!',!./!)&()2,!;/)*../*%,!/88 &)*0!I!(#,! HMN6!,?8('/$*-,A !

!

!

6U* R/*12%#%4$/12),*(%"B%(/.,*,"*(%'.,'$*&'*B%"&*&>t).*&>'",*B,33,*&,*HL*/"8*/7/"#*

$0(,33,"#*1,$&'*./*-',*&/"8*.>t).*&$%)#*3%"#$,*'"*&0(%..,3,"#*4$)8O#$,*&,*.>01)#20.)'3*1)43,"#/)$,*

/-,(*&'*.)5')&,*8%'8<$0#)"),"U*

bU* R,*XV<=:9 *3%"#$,*'"*&0(%..,3,"#*&,*.>01)#20.)'3*1)43,"#/)$,*WVYAZ*/-,(*'"*3/#0$),.*

271,$$0B.,(#)B*8%'8<$0#)"),"*,#*&' *.)5')&,*8%'8<$0#)"),"*(%$$,81%"&/"#*a*'",*"0%-/8('./$)8/#)%"*

3/('./)$,*&,*#71,*LU*6'('"*&0(%..,3,"#*&,*./*(%'(2,*;/()../)$,*Wb6R6VZ*">,8#*/11/$,"#*a*./*

1$08,"#/#)%"U*R>)3/4,*)"80$0,*,8#*.>)3/4,*)"B$/$%'4,*Wj!+Z*(%$$,81%"&/"#,N*./*.)4",*-,$#,*)"&)5'/"#*

.>,31./(,3,"#*&'*8(/"*& ' *XV<=:9U*

:U* Rc=:96*,"*B/(, *W,"*2/'#Z*'#).)8/"#*.>01)#20.)'3*1)43,"#/)$,*&,*./*$0#)",*,#*./*3,3;$/",*&,*

b$'(2*(%33,*.)3)#,8*&,*8,43,"#/#)%"*W)"&)5'0,8*1/$*&,8*.)4",8*1%)"#)..0,8*i/'",8*8'$*.>=:9*b <8(/"*

(%$$,81%"&/"#Z*/-,(*8'1,$1%8)#)%"*&'*8)4"/.*&,*B.'?*$%'4,*W,"*;/8Z*(%"B)$3,*./ *"0%-/8('./$)8/#)%"*

3/('./)$,*&,*#71,*LU*

VU* X)?*8,3/)",8*/1$Q8*.>)"i,(#)%"*)"#$/-)#$0,"",*&>/B.);,$(,1#*WDNM*34mMNMG*3.ZN*./*12%#%4$/12),*

(%"B%(/.,*&,*8')-)*&'*B%"&*&>t).*,"*(%'.,'$*3%"#$,*'",*/'43,"#/#)%"*&'* *VYAU*

Y*,#*CU*R,*XV<=:9*&,*8')-)*/(5')8*8'$*'"*&)81%8)#)B*1$%#%#71,*2/'#,*$08%.'#)%"*Wh+<=: 9N*

X1,(#$/.)8N*h,)&,.;,$4*Y"4)",,$)"4N*h,)&,.;,$4N*6..,3/4",Z*WYZ*,#*8/*-',*/4$/"&),*WCZ*3%"#$,"#*'"*

b6R6V*B%-0/.U*R/*8()88)%"*&,*./*$0#)",*,?#,$",*8,*1$%&')#*/'*")-,/'*&,*./*`%",*37%\&,*

271%$0B.,(#)-, *W]~N*#d#,*&,*B.Q(2,*-,$#,Z*8%'8*./*3,3;$/",*.)3)#/"#,*,?#,$",*WYR]N*#d#,*&,*B.Q(2,*



! $%!

;.,',ZN*./)88/"#*.,8*/'#$,8*(%'(2,8*&,*12%#%$0(,1#,'$8*W`%",*,..)18%\&,*WY~N*#d#,*&,*B.Q(2,*$%'4,Z*,#*

`%",*&>)"#,$&)4)#/#)%"*W!~N*#d#,*&,*B.Q(2,*%$/"4,ZZ*/&20$,"#,8*/'*(%31.,?, *01)#20.)'3*1)43,"#/)$,*

$0#)"),"*<*3,3;$/", *;/8/.,* <*3,3;$/",*&,*b$'(2*W+bbN*#d#,*&,*B.Q(2,*i/'",Z*a*./*;/8,*&' *b6R6VU*

R,*@1./B%"&@*%'*./*;%$&'$,*/"#0$),'$,*&' *b6R6V*W#d#,*&,*B.Q(2,*;./"(2,Z*/11/$/{#*(%33,*'",*

;/"&,*4$/"'./)$,*271,$$0B.,(#)-, N*(%"#,"/"#*-$/)8,3;./;.,3,"#*&,8*B$/43,"#8*$,8#/"#8*&,*./*`%",*

3 7%\&,*,#*&,8*8,43,"#8*)"#,$",8*,#*,?#,$",8*&,*12%#%$0(,1#,'$8*,"*$040"0$/#)%"U*R/*1/$#),*/"#0$),'$,*

&'*1./"(2,$*&' *b6R6V*W#d#,*&,*B.Q(2,*;./"(2,Z*,8#*(%"#)"',*/-,(*./*`%",*,..)18%\&,*WY~N*#d#,*&,*

B.Q(2,*$%'4,Z*&,*./*$0#)",*/&i/(,"#,*/##/(20,U*R>)3/4,*j!+*)"80$0,*/-,(*./*.)4",*-,$#,*)"&)5',*

.>,31./(,3,"#*&' *8(/"*&ch+ <=:9U*

*
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! $&!

D*4(%,!OA!6#/.78,!3*#($*,(8,!',!./!;&%'(%,!',!'0)&..,3,#$!',!./!)&()2,!;/)*../*%,!'/#8!./!

3/./'*,!',!P&4$ <Q&7/#/4*<R/%/'/!I!.>/*',!'>(#! 8)/# !',#8,! ',!$&3&4%/12*,!1/%!)&20%,#),!

&1$*5(,!S'*8$/#),!*#$,%8)/#!',!EET3UA!

!
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! $' !

6U* R/*#%3%4$/12),*1/$*(%20$,"(,*%1#)5',*WXV<=:9Z*&'*&0(%..,3,"#*"/)88/"#*&,*./*(%'(2,*

;/()../)$,*Wb6R6VZ*3%"#$,*'",*/(('3'./#)%"*&,* 3/#0$),.*271,$$0B.,(#)B*W#d#,*&,*B.Q(2,*;./"(2,Z*/'*

")-,/'*&,*./*`%",*37%\&,*271%$0B.,(#)-,*W]~N*#d#,*&,*B.Q(2,*-,$#,Z*/-,(*'"*;%3;,3,"#* -,$8*

.>)"#0$),'$*&,*./*3,3;$/",*.)3)#/"#,*,?#,$",*WYR]N*#d#,*&,*B.Q(2,*;.,',Z*,#*'",*/##0"'/#)%"*B%(/.,*&,*

./*`%",*,..)18%\&,*8%'8<i/(,"#,*WY~N*#d#,*&,*B.Q(2,*$%'4,ZU*R,*1./"(2,$*&' *b6R6V*"/)88/"#*WB<

b6R6VN*#d#,*&,*B.Q(2,*;./"(2,Z*/&2Q$,*/'*(%31.,?,*01)#20.)'3*1)43,"#/)$,*$0#)"),"<3,3;$/", *

;/8/., <3,3;$/",*&,*b$'(2*W+bbN*#d#,*&,*B.Q(2,*i/'",ZU*j%#,`*./*;%$&'$,*271,$$0B.,(#)-,*W1%)"#,*&,*

B.Q(2,*"%)$,Z*&' *b6R6V*8'$*.c)3/4, *)"B$/$%'4,*Wj!+ZU*R/*B.Q(2,*-,$#,*&/"8*.>)3/4,*j!+*Wa*&$%)#,Z*

)"&)5',*.>,31./( ,3,"#*& '*8(/"*&'* XV<=:9*Wa*4/'(2,ZU*

bU* R/*(%'1,*&,*XV<=:9*)"B0$),'$, */&i/(,"# , *3%"#$,*'"*"%'-,.*0./$4)88,3,"#*&,*./*`%",*

37%\&,*271%$0B.,(#)-, *5')*($0,*., *b6R6V*W1%)"#,*&,*B.Q(2,*;./"(2,ZU*!.*7*/*'",*/'43,"#/#)%"*&,*./*

$0B.,(#)-)#0*&,*./*(%'(2,*"'(.0/)$,*,?#,$",*,#*&,8*1%$#)%"8*&,*./*(%'(2,*&,8*B);$,8*&,*h,".,*

$,(%'-$/"#*., *b6R6VU*

:*,#*VU*R,8*8(/"8*&,*XV<=:9*)"B0$),'$8*/&i/(,"#8*3%"#$,"#*'"*0./$4)88,3,"#*1$%4$,88)B*&' *

b6R6VU*R,*1./B%"&*&' *b6R6V*W(<b6R6VN*1%)"#,*&,*B.Q(2,*;./"(2,Z*,8#*/11/$,"#*(%33,*'",*

;/"& ,*4$/"'./)$,*271,$$0B.,(#)-, U*R,*1./"(2,$*&' *b6R6V*WB<b6R6VN*#d#,*&,*B.Q(2,*;./"(2,Z*,8#*,"*

(%"#)"')#0*/-,(*./*`%",*,..)18%\&,*&,*./*$0#)",*/&i/(,"#,U*!.*,?)8#,*'",*8#$'(#'$,*271,$$0B.,(#)-,*

.)"0/)$,*WB.Q(2,*;./"(2,*,"*1%)"#)..08*,"*VZ*$,(%'-$/"#*.,*B%"&*&' *b6R6V*5')*8,3;.,*$,1$08,"#,$*

&,8*B$/43,"#8*&,*37%\&,8*&'*8,43,"#*)"#,$",*&,8*12%#%$0(,1#,'$8U*

YU*n"*3%)8*1.'8*#/$&N*/1$Q8*'"*#$/)#,3,"#*1/$*(%$#)(%8#0$%\&,8*%$/'?N*.,*8(/"*&,*8')-)*&'*XV<=:9*

(%$$,81%"&/"#*a*WVZ*3%"#$,*'",*$08%.'#)%"*&' *b6R6VU*R>YR]*,8#*)"#/(#, U*!.*7*/*&,8*/##0"'/#)%"8*

B%(/.,8*&,*.cY~*,#*&,*.c!~U**

*
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! $( !

D*4(%,!VA!9&3&4%/12*,!1/%!)&20%,#),!&1$*5(,!3&#$%/#$!./!%08&.($*&#!'(!'0)&..,3,#$!',!./!

)&()2,!;/)*../*%,!'/#8!./!3/./'*,!',!P&4$ <Q&7/#/4*<R/%/'/A !

*

6U* !3/4, *)"B$/$%'4,*Wj!+N*a*4/'(2,Z*,#*#%3%4$/12),*1/$*(%20$,"(,*%1#)5',*WXV<=:9Z*&>'",*

B,33,*&,*FH*/"8*1$08,"#/"#*'",*;/)88,*&>/(')#0*-)8',..,*&,*.>t).*&$%)#*&,1')8*#$%)8*i%'$8U*!.*7*/*'"*

&0(%..,3,"#*&,*./*(%'(2,*;/()../)$,*B%-0/.,*,"*B%$3,*&,*&P3,*Wb6R6VZU*R,*1./B%"&*&'*b6R6V*

/11/$/{#*(%33,*'",*B/);.,*;/"&,*271,$$0B.,(#)-, *W1%)"#,*&,*B.Q(2,*;./"(2,ZU*R,*1./"(2,$*&'*

b6R6V*,8#*(/$/(#0$)80*1/$*'",*;/"&,*271,$$0B.,(#)-, *)$$04'.)Q$,*W#d#,*&,*B.Q(2,*;./"(2,ZN*(%"#)"',*

/-,(*./*`%",*,..)18%\&,*WY~N*#d#,*&,*B.Q(2,*$%'4,Z*&,*./*$0#)",*/&i/(,"#,*,#*/&20$/"#*/'*(%31.,?,*

01)#20.)'3*1)43,"#/)$,*$0#)"),"<3,3;$/", *;/8/., <3,3;$/",*&,*b$'(2*W+bbN*#d#,*&,*B.Q(2,*i/'",ZU*

R/*.)4",*-,$#,*)"&)5',*.>,31./(,3,"#*&'*8(/"* &' *XV<=:9U*j%#,`*./*;%$&'$,*271,$$0B.,(#)-, *&' *

b6R6V*8'$*.c)3/4, *j!+*W#d#,*&,*B.Q(2,*"%)$,ZU*

bU* V,'?*i%'$8*/1$Q8*.,*&0;'#*&,*./*(%$#)(%#20$/1),N*./*3,3;$/",*.)3)#/"#,*,?#,$",*W]RYN*#d#,*&,*

B.Q(2,*;.,',Z*,8#*(./)$,3,"#*#$/ˆ/;.,*/' <&,88'8*&' *b6R6VU*R,*;%$&*/"#0$),'$*&' *b6R6V*,8#*

&0.)3)#0*1/$*'",*.)4",*271,$$0B.,(#)-, *",##,*W1%)"#,*&,*B.Q(2,*;./"(2,Z*(%"#,"/"#*1$%;/;.,3,"#*&,8*

8,43,"#8*)"#,$",8*WX!Z*,#*,?#,$",8*WXYZ*&,*12%#%$0(,1#,'$8*,"*$040"0$/#)%"U*V,8*B$/43,"#8*&,*X!*,#*

XY*W1%)"#,8*&,*B.Q(2,*$%'4,8Z*8%"#*-)8);.,8*,"*/-/"#*&'*(%31.,?,*+bb*W1%)"#,*&,*B.Q(2,*i/'",ZU*

:*,#*VU*:)"5*i%'$8*W:Z*,#*8,1#*i%'$8*WVZ*/1$Q8*.,*&0;'#*&,*./*(%$#)(%#20$/1),N*./*3,3;$/",*.)3)#/"#,*

,?#,$",*W]RYN*#d#,*&,*B.Q(2,*;.,',Z*,8#*,"(%$,*)"#/(#,*/'<&,88'8*&' *b6R6VU*R,8*B$/43,"#8*&,*X!*,#*

XY*$,8#/"#8*(%"8#)#',"#*'",*;/"&,*4$/"'.,'8,N*&)8(%"#)"',*,#*271,$$0B.,(#)-,*W1%)"#,8*&,*B.Q(2,*

$%'4,8Z*,"*/-/"#*&'*+bb*W1%)"#,*&,*B.Q(2,*i/'",ZU*



! $) !

Y*,#*CU*V)?*i%'$8*WYZ*,#*KM*i%'$8*WCZ*/1$Q8*.,*&0;'#*&,*./*(%$#)(%#20$/1),N*%"*%;8,$-,*'",*

$,(%"8#)#'#)%"*1$%4$,88)-,*&,*./*`%",*,..)18%\&,*WY~N*1%)"#,*&,*B.Q(2,*$%'4,Z*/-,(*&,8*/.#0$/#)%"8*

B%(/.,8*1,$8)8#/"#,8U*

*
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! $*!

D*4(%,!WA!H0)&..,3,#$!',!./!)&()2,!;/)*../*%,!*#'(*$!)2*%(%4*)/.,3,#$!1,#'/#$!.>*#X,)$*&#!',!

$20%/1*,!40#*5(,!8&(8<%0$*#*,##,A!

!

6U* !3/4, *)"B$/$%'4,*Wj!+N*a*4/'(2,Z*,#*#%3%4$/12),*1/$*(%20$,"(,*%1#)5',*Wa*&$%)#,Z*

1$0%10$/#%)$,8*&>'",*B)..,*&,*LD*/"8*/##,)"#,*&>'",*3/./&),*$0#)"),"",*20$0&)#/)$,*.)0,*a*'",*3'#/#)%"*

+AYHGU*j%#,`*./*1$08,$-/#)%"*&,*./*3,3;$/",*.)3)#/"#,*,?#,$",*B%-0/.,*,#*&,*./*`%",*,..)18%\&,U*R/*

.)4",*-,$#,*)"&)5',*.>,31./(,3,"#*&'*8(/"* &' *XV<=:9U*

bU* A2%#%4$/12),*(%'.,'$*&'*B%"&*&>t).*Wa*4/'(2,Z*,#*XV<=:9*1,$%10$/#%)$,*Wa*&$%)#,Z*%;#,"'8*

1,"&/"#*./*#20$/1),*40")5',*8%'8<$0#)"),"",*/-,(*.,*-%$,#)4,",*",1/$-%-,( <$`7.U*R,*8(/"*&,*XV<

=:9*2%$)`%"#/.*3%"#$,*&,8*`%",8*&,*.)5')&,*8%'8<$0#)"),"*W/8#0$)85',8Z*,#*'"*&0(%..,3,"#*&,*./*

(%'(2,*;/()../)$,*Wb6R6VN*1%)"#,*&,*B.Q(2,*;./"(2,ZU*!.*,?)8#,*&,*3'.#)1.,8*`%",8*&,*8(2)8)8*,#*

&>t&Q3,*&,*./*(%'(2,*&,8*B);$,8*&,*h,".,*WhCRZ*WB.Q(2,*;./"(2,*,"*1%)"#)..08ZU*R,*(/&$,*,"*

1%)"#)..08*;./"(8*,8#*'",*-',*3/4")B)0,*&'*b6R6VU*R,*1./B%"&*&' *b6R6V*W1%)"#,*&,*B.Q(2,*

;./"(2,Z*/ 11/$/{#*(%33,*'",*;/"&,* 271,$$0B.,(#)-,*01/)88),U*R,*1./"(2,$*&' *b6R6V*W#d#,*&,*

B.Q(2,*;./"(2,Z*,8#*/&20$,"#*/'*(%31.,?,*01)#20.)'3*1)43,"#/)$,*$0#)"),"<3,3;$/", *;/8/., <

3,3;$/",*&,*b$'(2*W+bbN*#d#,*&,*B.Q(2,*i/'",Z*,#*(%"#)"'*/-,(*./*`%",*,..)18%\&,*WY~N*#d#,*&,*

B.Q(2,*$%'4,Z*&,*./*$0#)",*/&i/(,"#,U*



! %+!

:U* A2%#%4$/12),*&'*B%"&*&>t).*,"*(%'.,'$*,#*XV<=:9*1,$%10$/#%)$,*%;#,"'8*1,"&/"#*./*#20$/1),*

40")5',*8%'8<$0#)"),"",*/-,(*.,*-%$,#)4,",*",1/$-%-,( <$`7.U*R,*8(/"*&,*XV<=:9*/&i/(,"#*3%"#$,*D*

b6R6V 8*,"*B%$3,*&,*n*W1%)"#,8*&,*B.Q(2,8*;./"(2,8ZU*R,*(/&$,*;./"(*,"*1%)"#)..08*,8#*'",*-',*

/4$/"&),*&' *b6R6VU*R/*(%'(2,*;/()../)$,*&0#/(20,*@B.%##/"#,@*W1%)"#,8*&,*B.Q(2,*;./"(2,8Z*",*

3%"#$,*/'('",*/&208)%"*/'*(%31.,?,*+bb* W1%)"#,*&,*B.Q(2,*i/'",ZU*

*

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



! %"!

D*4(%,!YA!M&'*C*0, !',!:2,#!NA!,$!/.A "#$!H0$/)2,3,#$!/%$*C*)*,.!',!./!)&()2,!;/)*../*%,! -*8*;.,! ,#!

2*8$&.&4*,!1&8$<3&%$,3A!

! !

6U* X(/"*&,*./*#%3%4$/12),*1/$*(%20$,"(,*%1#)5',*/(5')8*'"*/"*/-/"#*.,*&0(Q8*&'*1/#),"#N*

3%"#$/"#*'",*)31%$#/"#,*0.0-/#)%"*)$$04'.)Q$,*,#*1,'*1$%B%"&,*&,*.>01)#20.)'3*1)43,"#/)$,*$0#)"),"*

WYA+Z*8%'8<B%-0/., */;$)#/"#*'",*"0%-/8('./$)8/#)%"*3/('./)$,*&,*#71,*L*W1%)"#,8*&,*B.Q(2,8*i/'",8ZN*

8,(%"&/)$,*a*'",*&040"0$,8(,"(,*3/('./)$,*.)0,*a*.>O4,U*R/*$0#)",*,8#*1278)5',3,"#*)"#/(#,U**

b<VU*h)8#%.%4),*1%8#<3%$#,3U*68#0$)85',8N*&0(%..,3,"#*&,*./*(%'(2,*;/()../)$,*Wb6R6VZ*/'*")-,/'*

&,8*37%\&,8*&'*8,43,"#*)"#,$",N*.,8*8,43,"#8*,?#,$",8*$,8#/"#*/##/(208*a*.>YA+U*A%)"#,8*&,*B.Q(2,*

-,$#,8*&/"8*W:Z*,#*WVZN*3,3;$/",*.)3)#/"#,*,?#,$",U*R,*#)88'*1%8#<3%$#,3*,8#*B)?0*/-,(*&,*.>/()&,*

%83)'3*#/"")5',*1/$/120"7.Q",&)/3)",N*1$01/$0*1%'$*&,8*8,(#)%"8*,"*$08)",*01%?7N*,#*(%.%$0*/-,(*

&'*;.,'*&,*#%.')&)",U*bU*f',*1/"%$/3)5',*&,*.>2)8#%.%4),*3%"#$/"#*.>0.0-/#)%"*&,*.>YA+*&'*1/"",/'*

6*W1%)"#,8*&,*B.Q(2,*i/'",8ZU*:U*Y"*#,31%$/.*&,*.>0.0-/#)%"*&,*.>YA+N*., *b6R6V*,8#*0#$%)#U*VU*6'*

")-,/'*"/8/.*&,*.>0.0-/#)%"*&,*.>YA+N*., *b6R6V*,8#*./$4,U*jCRN*(%'(2,*&,8*B);$,8*",$-,'8,8*_*^:RN*

(%'(2,*&,8*(,..'.,8*4/"4.)%""/)$,8*_*!jRN*(%'(2,*"'(.0/)$,*)"#,$",*_*hCRN*(%'(2,*&,8*B);$,8*&,*



! %#!

h,".,*_*=jRN*(%'(2,*"'(.0/)$,*,?#,$",*_*=jRmhCRN*=jR*,#*hCR*)"&)8(,$"/;.,8*,"*$/)8%"*&>'",*

&0./3)"/#)%"*!"#$!$%*_*!XN*8,43,"#8*)"#,$",8*_*=XN*8,43,"#8*,?#,$",8*_*b$]N*3,3;$/",*&,*b$'(2*_*

:2N*(2%$%\&,U*

*

! !



! %$!

D*4(%,!ZA!H0)&..,3,#$!',!./!)&() 2,!;/)*../*%,!/88&)*0!I!(#,!%0$*#&)2&%&['*$,!$&?&1./83*5(, !,$!

I!(#! 8)2*8*8!,$!(#!\'K3,!',!./!)&()2,!',8!C*;%,8!',!R,#.,A !

!

6U* !3/4, *)"B$/$%'4,*Wj!+N*a*4/'(2,Z*,#*#%3%4$/12),*1/$*(%20$,"(,*%1#)5',*WXV<=:9N*a*&$%)#,Z*

&>'",*i,'",*B)..,*&,*LF*/"8*1$08,"#/"#*'",*;/)88,*&>/(')#0*-)8',..,*&,*.>t).*4/'(2,*&,1')8*LM*i%'$8U*

Rc)3/4, *j!+*3%"#$,*'",*B)",*.)4",*271,$$0B.,(#)-, *W1%)"#,8*&,*B.Q(2,8*"%)$,8Z*)"&)5'/"#*./*3/$4,*

&>'"*&0(%..,3,"#*&,*./*(%'(2,*;/()../)$,*Wb6R6VZU*R/*`%",*271%$0B.,(#)-,*,"-)$%""/"#,N*1.'8*

./$4,N*(%$$,81%"&*a*'"*8(2)8)8*,#*'"*t&Q3,*&,*./*(%'(2,*&,8*B);$,8*&,*h,".,*WhCRZ*8'$*., *XV<=:9U*

R, *XV<=:9*Wa*&$%)#,Z*a*#$/-,$8*./*3/('./*)"B0$),'$,*3%"#$,*'"*8(2)8)8*,#*'"*t&Q3,*&/"8*./*hCR*

WB.Q(2,*;./"(2,*,"*1%)"#)..08ZU*R/*.)4",*-,$#,*)"&)5',*.>,31./(,3,"#*&'*8(/"*&,*XV<=:9U*

bU* R,*XV<=:9*b <8(/"*8'10$),'$*/&i/(,"#*3%"#$,*'",*8#$'(#'$,*$%"&,*271,$$0B.,(#)-, *&/"8*./*

hCRm(%'(2,*"'(.0/)$,*,?#,$",*5')*(%$$,81%"&*a*./*3/$4,*)"B0$),'$,*&' *b6R6VU*n"*8(2)8)8*,#*'"*

t&Q3,*&,*./*hCR*WB.Q(2,*;./"(2,*,"*1%)"#)..08Z*8%"#*/11/$,"#8*&,*(2/5',*(P#0*&' *b6R6V*"/)88/"#U*

:*,#*VU*R,8*8(/"8*&,*XV<=:9*8'10$),'$8*/&i/(,"#8*3%"#$,"#*'",*(/-)#0*T78#)5',*&/"8*.,8*(%'(2,8*

$0#)"),"",8*,?#,$",8*5')*$,1$08,"#,*./*.)3)#,*1%8#0$),'$,*&' *b6R6VU*n"*8(2)8)8*,#*'"*t&Q3,*&,*./*

hCR*WB.Q(2,8*;./"(2,8*,"*1%)"#)..08Z*8%"#*/11/$,"#8*&,*(2/5',*(P#0*&' *b6R6VU*

Y*,#*CU*R,8*8(/"8*&,*XV<=:9*8'10$),'$8*/&i/(,"#8*3%"#$,"#*'"*b6R6V*1)$)B%$3,U*R,*1./B%"&*&' *

b6R6V*W(<b6R6VN*1%)"#,*&,*B.Q(2,*;./"(2,Z*8,*1$08,"#,*(%33,* '",* .)4",*4$/"'./ )$,*

271,$$0B.,(#)-, U*R,*1./"(2,$*&' *b6R6V*WB<b6R6VN*#d#,*&,*B.Q(2,*;./"(2,Z*,8#*(%"#)"'*/-,(*./*

`%",*,..)18%\&,*WY~N*#d#,*&,*B.Q(2,*$%'4,*,"*CZ*&,*./*$0#)",*/&i/(,"#,*/##/(20,*,#*/&2Q$,*/'*(%31.,?,*

+bb *W#d#,*&,*B.Q(2,*i/'",*,"*CZU*R,*8(2)8)8*,#*.>t&Q3,*&,*./*hCR*WB.Q(2,8*;./"(2,8*,"*1%)"#)..08Z*



! %%!

8%"#*/11/$,"#8*&,*(2/5',*(P#0*&' *b6R6VU*6'('",*B);$,*%'*;$)"*&,*(%"",?)%"*">,8#*-)8);.,*&/"8*., *

b6R6VN*(%"#$/)$,3,"#*/'*8(2)8)8*,#*a*.>t&Q3,*&,*./*(%'(2,*&,*B);$,8*&,*h,".,U*

*

!

! !



! %&!

D*4(%,!]A!"3/4,%*,!3(.$*3&'/.,!'>(#!'0)&..,3,#$!',!./!)&()2,!;/)*../*%,!/88&)*0!I!(#,!

30$/8$/8,!)2&%&['*,##,A!

!

6U* R/*12%#%4$/12),*3'.#)(%.%$,*&'*B%"&*&>t).*&>'",*B,33,*&,*FG*/"8*/##,)"#,*&>'"*(/"(,$*&'*

8,)"*,#*1$08,"#/"#*'",*;/)88,*&>/(')#0*-)8',..,*&,*.>t).*&$%)#*&,1')8*()"5*i%'$8*3%"#$,*'",*3/88,*

(2%$%\&),"",*$,1$08,"#/"#*'",*.08)%"*30#/8#/#)5',*WB.Q(2,*i/'",Z*&/"8*.c/)$,*3/('./ )$,*8'10$),'$,*

/88%()0,*a*&'*.)5')&,*8%'8<$0#)"),"*W/8#0$)85',ZU*!.*,?)8#,*'",*`%",*&)8#)"(#,*&,*.)5')&,*8%'8<$0#)"),"*

/-,(*'",*;%$&'$,*i/'",*WB.Q(2,*;./"(2,Z*5')*(%$$,81%"&*a*'"*&0(%..,3,"#*&,*./*(%'(2,*;/()../)$,*

Wb6R6VZU**

bU* R>/'#%B.'%$,8(,"(,*&'*B%"&*&>t).*,"*.'3)Q$,*;.,',*3%"#$,*&,8*`%",8*271,$/'#%B.'%$,8(,"#,8*

3%' (2,#0,8*WB.Q(2,*i/'",Z*5')*(%\"()&,"#*/-,(*./*30#/8#/8,*(2%$%\&),"",U*j%#,`*./*`%",*&)8($Q#,*

&>271%/'#%B.'%$,8(,"(,*WB.Q(2,*;./"(2,Z*&',*a*'"*,BB,#*&,*3/85'/4,*&'*.)5')&,*(%"#,"'*&/"8*.,*

b6R6V U*

:U* R>/"4)%4$/12),*a*./*B.'%$,8(0)",*,"*12/8,*#/$&)-,*3%"#$,*'",*271,$B.'%$,8(,"(,*20#0$%4Q",*

WB.Q(2,*i/'",Z*,"*$,4/$&*&,*./*3/88,*(2%$%\&),"",U*n",*/(('3'./#)%"*&,*(%.%$/"#*$,88,3;./"#*a*

.>/11/$,"(,*&>'"*&0(%..,3,"#*80$,'?*&,*.>01)#20.)'3*1)43,"#/)$,*WB.Q(2,*;./"(2,Z*&0.)3)#,*., *

b6R6VU*

VU* R>/"4)%4$/12),*/'*-,$#*&>)"&%(7/")",*,"*12/8,* )"#,$30&)/)$,*3%"#$,*'",*.08)%"*

271%B.'%$,8(,"#,*;),"*&0.)3)#0,*WB.Q(2,*i/'",ZU*R, *b6R6V*">/*1/8*&,*8)4",*1/$#)('.),$*8'$*

.>/"4)%4$/12),*/'*-,$#*&>)"&%(7/")",U*

YU* Y"*)3/4,$), *)"B$/$%'4,N*., *b6R6V*(%$$,81%"&*a*./*`%",*271%$0B.,(#)-,*/-,(*' ",*;%$&'$,*

271,$$0B.,(#)-, *WB.Q(2,*;./"(2,ZU*R/*.)4",*-,$#,*)"&)5',*.>,31./(,3,"#*&'*8(/"*&,*./*#%3%4$/12),*

1/$*(%20$,"(,*%1#)5',*WXV<=:9ZU*



! %'!

CU* R,*8(/"*&' *XV<=:9*3%"#$,*'"*b6R6V*8)#'0*," *"/8/.*&,*./*B%-0/*W(/&$,*;./"(*,"*

1%)"#)..08ZU*j%#,`*.,*@-$/)@*&0(%..,3,"#*80$,'?*&,*./*$0#)",*W/8#0$)85',Z*,"* #,31%$/.*&' *b6R6V N*

/)"8)*5',* ./*(2%$%\&,*)$$04'.)Q$,3,"#*01/)88),U*R, *(/&$,*1%)"#)..0*;./"(*)"&)5',*./*-',*/4$/"&),*

3%"#$0,*,"*W^ZU*

^U*f',*/4$/"&),* &' *b6R6V* ," *XV<=:9U*R/*3,3;$/",*.)3)#/"#,*,?#,$",*,8#*(./)$,3,"#*-)8);.,*

WYR]N*1%)"#,*&,*B.Q(2,*;.,',Z*,"*/-/"#*&' *b6R6VU*R,*1./B%"&*&' *b6R6V*W#d#,*&,*B.Q(2,*;./"(2,Z*

/11/$/{#*(%33,*'",*;/"&,*4$/"'./)$,* 271,$$0B.,(#)-, U*R,*1./"(2,$*&' *b6R6V*,8#*&0.)3)#0*1/$*'",*

;/"&,* B/);.,3," #*271,$$0B.,(#)-, *,#*01/)88),*W#d#,*&,*B.Q(2,*;./"(2,Z*5')*,8#*(%"#)"',*/-,(*./*`%",*

,..)18%\&,*WY~N*#d#,*&,*B.Q(2,*$%'4,Z*&,*./*$0#)",*/##/(20,*/&i/(,"#,*,#*/&2Q$,*/'*(%31.,?,*+bb*W#d#,*

&,*B.Q(2,*i/'",ZU*

*

!

! !



! %(!

D*4(%,!^A!H0)&..,3,#$!',!./!)&()2,!;/)*../*%,!2 03&%%/4*5(,!/88&)*0!I!(#,!HMN6!,?8('/$*-,A !
!

!

6U* R/*12%#%4$/12),*(%'.,'$*&'*B%"&*&>t).*3%"#$,*'",*3,3;$/",*"0%-/8('./)$,*B%-0/.,*4$)8O#$,*

/-,(*&,8*203%$$/4),8*8%'8<$0#)"),"",8U*R/*.)4",*-,$#,*)"&)5',*.>,31./(,3,"#*&'*8(/"*&,*./*

#%3%4$/12),*1/$*(%20$,"(,*%1#)5',*WXV<=:9ZU**

bU* *R,*XV<=:9* 3%"#$,*'"*&0(%..,3,"#*&,*./*(%'(2,*;/()../)$,*Wb6R6VZ*$,(%'-$/"#*'"*

3/#0$),. *271,$$0B.,(#)B*8%'8<$0#)"),"*WX+h]Z*$,1$08,"#/"#*'",*"0%-/8('./$)8/#)%"*3/('./)$,*&,*#71,*

D*W]jfZU*j%#,`*.,*3/#0$),.*271,$$0B.,(#)B*&,"8,*a*.>)"#0$),'$*&' *b6R6VN*&%"#*'",*1/$#),*8,*(%<

.%(/.)8, */-,( *'",* 203%$$/4),*8%'8<$0#)"),"",*8'$*./*12%#%4$/12),*&'*B%"&*&>t).U*R/*3,3;$/",*

.)3)#/"#,*,?#,$",*,8#*/11/$,"#,*,"*/-/"#*&' *b6R6V*WYR]N*1%)"#,*&,*B.Q(2,*;.,',ZU*R,*1./B%"&*&' *

b6R6V*W#d#,*&,*B.Q(2,*;./"(2,Z*/11/$/{#*(%33,*'",*;/"&,*4$/"'./)$,*271,$$0B.,(#)-,U*R,*1./"(2,$*

(,"#$/.*&' *b6R6V*W#d#,*&,*B.Q(2,*;./"(2,Z*,8#*30./"40*/' *Xh+]*.)0,*a*./*]jf*&,*#71,*D*

$,(%'-$/"#*.,*(%31.,?,*+bb *W#d#,*&,*B.Q(2,*i/'",ZU*R,*1./"(2,$*10$)120$)5',*&' *b6R6V*,8#*

(%"#)"'*/-,(*./*`%",*,..)18%\&,*WY~N*#d#,*&,*B.Q(2,*$%'4,Z*&,*./*$0#)",*/&i/(,"#,U*A$Q8*&,*./*B$%"#)Q$,*

&' *b6R6VN*&,8*/&20$,"(,8*B%(/.,8*,"#$,*./*$0#)",*,?#,$",*,#*., *+bb*&03%"#$,"#*'"*2/'#*&,4$0*&,*

1./8#)()#0*&,*./*$0#)",*,?#,$",U*

*

*

*

*

*

*

*

*

*

*

*



! %)!

D*4(%,!E_A!H0)&..,3,#$!',!./!)&()2,!;/)*../*%,!/88&)*0!I!(#,!01*$20.*&1/$2*,!,#!1./5(, A!

!

6*,#*bU*R,8*12%#%4$/12),8*(%'.,'$*&'*B%"&*&,*.>t).*&$%)#*W6Z*,#*4/'(2,*WbZ*3%"#$,"#*&,8*.08)%"8*

1$%B%"&,8N*1./(%\&,8*,#*($03,'8,8*/'*1P.,*1%8#0$),'$U*!.*7*/*1.'8),'$8*.08)%"8*i/'"O#$,8*&)8#)"(#)-,8*

,"#%'$0,8*&>'",*B)",*;%$&'$,*i/'",*W1%)"#,8*&,*B.Q(2,*;./"(2,8Z*5')*(%$$,81%"&,"#*a*&,8*

&0(%..,3,"#8*&,*./*(%'(2,*;/()../)$,*Wb6R6VZU*

:*,#*VU*R/*12/8,*1$0(%(,*&,*.>/"4)%4$/12),*/'*-,$#*&>)"&%(7/")",*W!:^6Z*&,8*7,'?*&$%)#*W:Z*,#*

4/'(2,*WVZ*3%"#$,*&,8*.08)%"8*271%B.'%$,8(,"#,8U*R,8*b6R6V8*8%"#*(%<.%(/.)808*/-,(*.,8*`%",8*&,*

B.'%$,8(,"(,*(2%$%\&),"",*W1%)"#,8*&,*B.Q(2,8*;./"(2,8ZU*

Y*,#*CU*R/*12/8,*#/$&)-,*&,*.>/"4)%4$/12),*a*./*B.'%$,8(0)",*&,*.>t).*&$%)#*WYZ*,#*&,*.>t).*4/'(2,*WCZ*

3%"#$,*'",*(%.%$/#)%"*&'*&)85',*%1#)5',*,#*&,*3'.#)1.,8*.08)%"8*271,$B.'%$,8(,"#,8*W1%)"#,8*&,*

B.Q(2,8*;./"(2,8Z*5')*8%"#*3%)"8*"%3;$,'8,8*5',*.,8*.08)%"8*271%B.'%$,8(,"#,8*%;8,$-0,8*/-,(*

.>!:^6U*j%#,`*.,*;%$&*8%3;$,*&)8#)"(#)B*5')*,"#%'$,*./*.08)%"*271,$B.'%$,8(,"#,*&/"8*.>t).*4/'(2,*

WCN*1%)"#,*&,*B.Q(2,*;./"(2,ZU*

^*,#*hU*Rc)3/4,$),*)"B$/$%'4,*&,*.>t).*&$%)#*WYZ*,#*&,*.>t).*4/'(2,*WCZ*3%"#$,*&,8*.08)%"8*

271%$0B.,(#)-,8*/-,(* '",*B)"*.)8,$0,*271,$$0B.,(#)B*W1%)"#,8*&,*B.Q(2,8*;./"(2,8ZU*R/*.)4",*-,$#,*

)"&)5',*.>,31./(,3,"#*&'*8(/"*&,*./*#%3%4$/12),*1/$*(%20$,"(,*%1#)5',*&/"8*W!Z*,#*WvZU*



! %*!

!*,#*vU*R/*#%3%4$/12),*1/$*(%20$,"(,*%1#)5',*&,*.>t).*&$%)#*W!Z*,#*&,*.>t).*4/'(2,*WvZ*3%"#$,*&,*

3'.#)1.,8*b6R6V8*1/$/B%-0/'?*&/"8*.,8*&,'?*7,'?U*R,*1./B%"&*&,8*b6R6V 8*W1%)"#,8*&,*B.Q(2,8*

;./"(2,8Z*/11/$/{#*(%33,*'",*;/"&,*4$/"'./)$,*271,$$0B. ,(#)-, U*R,*1./"(2,$*&,8*b6R6V8*W1%)"#,8*

&,*B.Q(2,*;./"(2,8Z*,8#*&0.)3)#0*1/$*'",*;/"&,*271,$$0B.,(#)-, *)$$04'.)Q$,*,#*01/)88),N*(%"#)"',*/-,(*

./*`%",*,..)18%\&,*WY~N*1%)"#,8*&,*B.Q(2,*$%'4,8Z*,#*./*`%",*&>)"#,$&)4)#/#)%"*W!~N*1%)"#,8*&,*B.Q(2,*

%$/"4,Z*&,*./*$0#)",*/&i/(,"#,*/##/(20,*,#*/&20$/"#*/'*(%31.,?,*+bb*W1%)"#,*&,*B.Q(2,*i/'",ZU*n",*

/&208)%"*B%(/.,*,"#$,*./*$0#)",*,?#,$",*,#*., *+bbN*5')*&03%"#$,*./*1./8#)()#0*&,*./*$0#)",*,?#,$",N*,8#*

1$08,"#,*,"#$,*.,8*&,'?*b6R6V8*&,*.>t).*4/'(2,*WvZU*j%#,`*.,*3/#0$),.*271,$$0B.,(#)B*a*.>)"#0$),'$*

&,8*b6R6V8*,#*./*1,$#,*&,*.>/"/#%3),*(2%$%\&),"",*)"#,$",*"%$3/.,*8%'8*.,8*`%",8*&c/.#0$/#)%"8*

$0#)"),"", 8U*
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! &+!

D*4(%,!EEA!"3/4,%*,!3(.$*3&'/.,!'>(#!'0)&..,3,#$!',!./!)&()2,!;/)*../*%,!/88&)*0!I!./!3/./'*,!
',!P&4$<Q&7/#/4*<R/%/'/A !
!
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6U* A2%#%4$/12),*(%'.,'$*&'*B%"&*&>t).*&>'",*B,33,*&,*DI*/"8*1$08,"#/"#*'",*;/)88,*&>/(')#0*

-)8',..,*&,*.>t).*&$%)#*&,1')8*&,'?*i%'$8U*="*%;8,$-,*'",*.08)%"*B%-0/.,*,"#%'$0,*&>'",*B)",*;%$&'$,*

i/'",*W1%)"#,*&,*B.Q(2,*;./"(2,Z*(%$$,81%"&/"#*a*'"*&0(%..,3,"#*&,*./*(%'(2,*;/()../)$,*Wb6R6VZ*

,#*&,*3'.#)1.,8*`%",8*&,*.)5')&,*8%'8<$0#)"),"*W/8#0$)85',8ZU**

bU** R>/"4)%4$/12),*a*./*B.'%$,8(0)",*,"*12/8,*1$0(%(,*3%"#$,*&,8*#/(2,8*271%B.'%$,8(,"#,8*

01/$8,8U*

:U** R>/"4)%4$/12),*a*./*B.'%$,8(0)",*,"*12/8,*#/$&)-,*3%"#$,*&,8*`%",8*&,*B')#,*3'.#)B%(/.,8*

271,$B.'%$,8(,"#,8*8%'8*&,8*&0(%..,3,"#8*&,*$0#)",*,?8'&/#)B8*/'*")-,/'*"/8/.*,#*8'10$),'$*&,*./*

B%-0/*W/8#0$)85',8ZU*R, *b6R6V*(,"#$/.*3%"#$,*'",*.04Q$,*271,$B.'%$,8(,"(,*5')*,8#*&0.)3)#0,*1/$*

'",*;%$&'$,*271%B.'%$,8(,"#,*W1%)"#,*&,*B.Q(2,*;./"(2,ZU*



! &"!

VU* 6'*&01/$#N*.c)3/4,$), *)"B$/$%'4,*Wa*4/'(2,Z*3%"#$,*'",*.08)%"*271%$0B.,(#)-,*B%-0/.,*

,"#%'$0,*&>'",*B)",*;%$&'$,*271,$$0B.,(#)-,*W1%)"#,*&,*B.Q(2,*"%)$,ZU*R/*#%3%4$/12),*1/$*(%20$,"(,*

%1#)5',*WXV<=:9Z*(%$$,81%"&/"#,*Wa*&$%)#,Z*3%"#$,*'"*b6R6V*B%-0/.U*R/*3,3;$/",*.)3)#/"#,*

,?#,$",*,8#*(./)$,3,"#*#$/ˆ/;.,*WYR]N*1%)"#,*&,*B.Q(2,*;.,',Z*/' <&,88'8*&'*b6R6VU*R,*;%$&*

/"#0$),'$*&' *b6R6V*/11/$/{#*(%33,*'",*;/"&,* 271,$$0B.,(#)-, *B.%',*W1%)"#,*&,*B.Q(2,*;./"(2,ZU*

R/*;/"&,* 271,$$0B.,(#)-, *a*./*;/8,* &' *b6R6V*W#d#,*&,*B.Q(2,*;./"(2,Z*,8#*(%"#)"',*/-,(*./*`%",*

,..)18%\&,*&,*./*$0#)",*/&i/(,"#,*/##/(20,*WY~N*#d#,*&,*B.Q(2,*$%'4,ZU*j%#,`*.,*3/#0$),. *271,$$0B.,(#)B*

a*.>)"#0$),'$*&' *b6R6VU*6'*")-,/'*"/8/.N*'"*&,'?)Q3,*b6R6V*1.'8*1,#)#*3%"#$,*'",*/&208) %"*

,"#$,*./*$0#)",*,?#,$",*,#*.,*(%31.,?,*+bb *a*8%"*;%$&*"/8/.U*R/*.)4",*-,$#,*)"&)5',*.>,31./(,3,"#*

&'*8(/"*&,*XV<=:9U*

YU* :)"5*i%'$8*/1$Q8*.,*&0;'#*&,*./*(%$#)(%#20$/1),N*%"*%;8,$-,*'"*/1./#)88,3,"#*1$%4$,88)B*&' *

b6R6VU*R/*B$%"#)Q$,*/"#0$),'$,*&' *b6R6V*,8 #*&0.)3)#0,*1/$*'",*.)4",*271,$$0B.,(#)-, *",##,*

W1%)"#,*&,*B.Q(2,*;./"(2,Z*(%"#,"/"#*-$/)8,3;./;.,3,"#*&,8*8,43,"#8*)"#,$",8*,#*,?#,$",8*&,8*

12%#%$0(,1#,'$8*,"*$040"0$/#)%"U*R,8*$,8#,8*&,8*8,43,"#8*)"#,$",8*,#*,?#,$",8*&,8*12%#%$0(,1#,'$8*

W1%)"#,8*&,*B.Q(2,*$%'4,8ZN*7*(%31$)8*.,*1./"(2,$*&' *b6R6V*W1%)"#,*&,*B.Q(2,*;./"(2,ZN*8%"#*

-)8);.,8*,"*/-/"#*& '* +bb* W1%)"#,*&,*B.Q(2,*i/'",ZU*

CU* V)?<",'B*i%'$8*/1$Q8*.,*&0;'#*&,*./*(%$#)(%#20$/1),N*%"*%;8,$-,*'",*$08%.'#)%"*(%31.Q#,*&' *

b6R6VU*R/*3,3;$/",*.)3)#/"#,*,?#,$",*,8#*)"#/(#,*WYR]N*1%)"#,*&,*B.Q(2,*;.,',ZU*R/*`%",*
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6*,#*bU*R,8*12%#%4$/12),8*&'*B%"&*&>t).*,"*(%'.,'$*&,*.>t).*&$%)#*W6Z*,#*&,*.>t).*4/'(2,*WbZ*3%"#$,"#*

&,8*)"B).#$/#8*i/'",8*8%'8<$0#)"),"8*;)./#0$/'?*W1%)"#,8*&,*B.Q(2,8*;./"(2,8Z*,#*&,8*203%$$/4),8*)"#$/<

$0#)"),"",8*&/"8*.>t).*4/'(2,U*

6U* R>/"4)%4$/12),*a*./*B.'%$,8(0)",*,"*12/8,*#/$&)-,*&,*.>t).*&$%)#*3%"#$,*'",*

271,$B.'%$,8(,"(,*&,8*)"B).#$/#8*B%"4)5',8*W1%)"#,8*&,*B.Q(2,8*;./"(2,8ZU*

bU* Rc)3/4,$),*)"B$/$%'4,*Wj!+N*a*4/'(2,Z*,#*.,*8(/"*&,*./*#%3%4$/12),*1/$*(%20$,"(,*%1#)5',*

WXV<=:9Z*Wa*&$%)#,Z*3%"#$,"#*'",*.08)%"*8%'8<$0#)"),"",*271,$$0B.,(#)-, *WB.Q(2,*;./"(2,*,"*

1%)"#)..08Z*/-,(*&,8*(,..'.,8*-)#$0,"",8U*R/ *j !+*3%"#$,*&,8*`%",8*271%$0B.,(#)-,8*,"#%'$/"#*

.>)"B).#$/#*8%'8<$0#)"),"*5')*(%$$,81%"&*a*'",*8(2)8)8*&,*./*(%'(2,*&,8*B);$,8*&,*h,".,*WhCRZ*,#*a*'"*

t&Q3,*8'$*., *XV<=:9U*R/*.)4",*-,$#,*)"&)5',*.>,31./(,3,"#*&'*8(/"*&,*XV <=:9U*

:U* R,*8(/"*&,*XV<=:9* /&i/(,"#*3%"#$,*'"*1,#)#*&0(%..,3,"#*&,*./*(%'(2,*;/()../)$,*Wb6R6VZU*

R,*1./B%"&*&'*b6R6V*W(<b6R6VN*1%)"#,*&,*B.Q(2,*;./"(2,Z*/11/$/{#*(%33,*'",*;/"&,*

271,$$0B.,(#)-, U*R,*1./"(2,$*&' *b6R6V*WB<b6R6VN*#d#,*&,*B.Q(2,*;./"(2,Z*,8#*(/$/(#0$)80*1/$*'",*

;/"&,*271 ,$$0B.,(#)-, *)$$04'.)Q$,N*,#*(%"#)"',*/-,(*./*`%",*,..)18%\&,*WY~N*#d#,*&,*B.Q(2,*$%'4,Z*&,*./*

$0#)",*/&i/(,"#,*,#*/&20$/"#*/'*(%31.,?,*+bb*W#d#,*&,*B.Q(2,*i/'",ZU*R/*3,3;$/",*.)3)#/"#,*

,?#,$",*,8#*#$/ˆ/;.,*WYR]N*#d#,*&,*B.Q(2,*;.,',Z*/' <&,88'8*&' *b6R6VU*

VU* R,*8(/"*&,*XV<=:9 */&i/(,"#*3%"#$,*., *b6R6V*W#d#,*&,*B.Q(2,*;./"(2,Z*,#*'"*t&Q3,*
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9/;.,/(? !

9/;.,/(!EA *+08'30*&,8*(/$/(#0$)8#)5',8*&03%4$/12)5',8*&,8*1/#),"#8*/##,)"#8*&,*&0(%..,3,"#*&,*./*
(%'(2,*;/()../)$,*#)$0,8*&,*./*.)##0$/#'$,U*
!
B.,2,-)/2!7)!-7 # S(01/2#agb#

!
!
j%U*%B*1/#),"#8*
j%U*%B*,7,8*
*
64,*W3,/"*7,/$8*k*XVZ*
*
^,"&,$*"*WlZ*
***]/., *
***C,3/., *
*
971,*%B*=:9*"*WlZ*
***XV<=:9 *
***9V<=:9 *
***XX<=:9 *
*
C%..%S<'1*%"*=:9*W3,/"*&/78*k*XVZ*
!
Y#)%.%4),8*W"rDDZ*
***fgh *&)8,/8,*
***6A]AAY *
***X731/#2,#)(*%12#2/.3)/*
***:2%$%)&/.*",%-/8('./$)`/#)%"*
***9%?%1./83%8)8*(2%$)%$,#)")#)8*
***6 ('#,*)&)%1/#2)(*3/('.%1/#27*
***!33'"%#2,$/17 <$,./#,&*#%?)()#7*
***h ,3/#%.%4)(/.*&)8%$&,$8*
***A%8#,$)%$*8(.,$)#)8*
***:2%$%)&/.*3,#/8#/8)8*
***:,"#$/.*8,$%'8*(2%$)%$,#)"%1/#27*
***A/"$,#)"/.*12%#%(%/4'./#)%"*
***A,$)1/1)../$7*1/(27(2%$%)&*87"&$%3,*
***=('./$*;.'"#*#$/'3/ *
***n-,/.*,BB'8)%"*87"&$%3,*
***:2%$%)&/.*.7312%3/*
***:2%$%)&/.*%8#,%3/*
***:2)T'"4'"7/ </88%()/#,&*'-,)#)8*
***R/8,$<)"&'(,&*3/('.%1/#27 *
***bVn]A *
***:2%$%)&/.*4$/"'.%3/*
***A$,,(./318)/ *

LHF*
LIJ *
*
EGUF*k*LFUG**
*
*
HKmLEJ*WGMlZ*
HKmLEJ*WGMlZ*
*
*
LFHmLIJ*WJDlZ*
DGmLIJ*WLFlZ*
ImLIJ*WFlZ*
*
LHIUF*k*LEFUE*
*
*
IImLHF*WFIlZ*
LJmLHF*WLLlZ*
LDmLHF*WIUElZ*
LMmLHF*WHUDlZ*
KmLHF*WGUGlZ*
KmLHF*WGUGlZ*
HmLHF*WEUIlZ*
FmLHF*WDUFlZ*
EmLHF*WLUJlZ*
DmLHF*WLUJlZ *
DmLHF*WLUJlZ *
DmLHF*WMUHlZ *
LmLHF*WMUHlZ*
LmLHF*WMUHlZ*
LmLHF*WMUHlZ*
LmLHF*WMUHlZ*
LmLHF*WMUHlZ*
LmLHF*WMUHlZ*
LmLHF*WMUHlZ*
LmLHF*WMUHlZ*
LmLHF*WMUHlZ*
LmLHF*WMUHlZ*

!
,--./012314567!,8988:7! 2;<3/!=463/.14.!><?31@4;2?!=?2;41A!=1B>/53!/=13C/?14=23CDE!FGH987!-1?23/.2?!A1@@<6/!<0/2?!
>/?254;D31;!=.4?1@/.23145E!IJK7!4=31;2?!;4C/./5;/!34>4B.2=CDE!LG7!6=/;3.2?!A4>215E!LL7!6M/=3!64<.;/E!KG7!31>/!
A4>215E!NOP7!N4B3QO4D252B1QP2.2A2R!
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Review

BACILLARY LAYER DETACHMENT: MULTIMODAL
IMAGING AND HISTOLOGIC EVIDENCE OF A
NOVEL OPTICAL COHERENCE TOMOGRAPHY
TERMINOLOGY

Literature Review and Proposed TheoryAU1

PRITHVI RAMTOHUL, MD,* MICHAEL ENGELBERT, MD, PHD, à ARIANE MALCLéS, MD,¤
EDWARD GIGON, MD,¤ ELISABETTA MISEROCCHI, MD,¦ GIULIO MODORATI, MD,¦
EDUARDOCUNHA DE SOUZA, MD,** CAGRI G.BESIRLI, MD, PHD,   CHRISTINE A.CURCIO, PHD,àà
K. BAILEY FREUND, MD à

Purpose: To clarify the histologic basis of bacillary layer detachment (BALAD) through a
review of the current literature and an analysis of retinal imaging.

Methods: The literature for previous reports of BALAD were reviewed. An analysis of
retinal images was performed to support anatomical conclusions.

Results: A total of 164 unique patients with BALAD on optical coherence tomography
(OCT) were identi! ed from the published literature. Twenty-two underlying etiologies, all
associated with subretinal exudation, were identi! ed. Forty-one different OCT terminolo-
gies were found. The de! ning OCT feature of BALAD was a split at the level of the
photoreceptor inner segment myoid creating a distinctive intraretinal cavity. Resolution of
BALAD was followed by a rapid restoration of the ellipsoid zone. Histology of age-related
macular degeneration eyes suggests that individual photoreceptors can shed inner
segments. Furthermore, detachment of the entire layer of inner segments is a common
postmortem artifact. It is proposed that BALAD occurs when outwardly directed forces
promoting attachment of photoreceptor outer segments to the retinal pigment epithelium
exceed the tensile strength of the photoreceptor inner segment myoid.

Conclusion: This review serves to strengthen the OCT nomenclature Òbacillary layer
detachment,Óbased on speci! c re" ectance information obtained by OCT and previously
published histologic observations.

RETINA 00:1Ð15, 2021

Stratum bacillorum et conorum, the layer of rods
and cones, was! rst described by van Leeuwen-

hoek in 1722.1 Since then, anatomists have used the
termÒbacillary layerÓto describe the orderly arrange-
ment of photoreceptor inner and outer segments (IS
and OS).2 Outer segments are made of stacked disks
,and their tips are surrounded by specialized apical
processes of the retinal pigment epithelium (RPE).
The photoreceptor IS are divided into two parts: the
proximal myoid, near the external limiting membrane

(ELM), which comprises ribosomes, smooth endoplas-
mic reticulum, Golgi complex, and rare mitochondria,
and the distal ellipsoid zone (EZ, near the OS), which
has tightly bundled mitochondria.3 In addition to ca-
nonical functions of oxidative phosphorylation and
calcium buffering, mitochondria were proposed to
have optical properties because they are light scat-
terers.4,5

With advances in ultrahigh-resolution optical coher-
ence tomography (OCT) imaging, new insights into

1
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photoreceptor injury can be visualized at a subcellular
level. Recently, in a case of macular toxoplasmosis
chorioretinitis, Mehta et al6 introduced the term
ÒBAcillary LAyer DetachmentÓ(BALAD) to describe
the separation of the bacillary layer from the remaining
retinal layers resulting from an intraphotoreceptor split
immediately posterior to the ELM within the photore-
ceptor IS myoids. Subsequently, several authors have
used this OCT term in various case reports including
acute idiopathic maculopathy, blunt ocular trauma,
peripapillary pachychoroid syndrome, and VogtÐ
KoyanagiÐHarada (VKH) disease.7Ð10 However, pre-
vious descriptions and alternative interpretations of
BALAD have created a need for a more generally
accepted interpretation regarding the multimodal
imaging characteristics of this retinal lesion. In fact,
similar OCT! ndings were described asÒphotorecep-
tor delaminationÓin neovascular age-related macular
degeneration (AMD) andÒsubretinal septaeÓin VKH
disease.11,12 Developing a standardized nomenclature
would improve clarity and accuracy of communication
and enhance comparability of research results. Fur-
thermore, assessing correctly the retinal" uid location,
whether intra- or subretinal, is fundamental because it
is being used in recent neovascular AMD trials as
surrogate end points and implies different treatment
responses, visual prognosis, and pathogenic path-
ways.13Ð16 Moreover, the prompt recovery of BALAD
on multimodal imaging raises questions on mecha-

nisms that drive photoreceptor regeneration, especially
the IS.

This review aimed to propose an accurate de! nition
of the BALAD through an analysis of multimodal
imaging with OCT interpretation supported by recent
histologic! ndings in AMD. We performed a compre-
hensive review of published cases meeting the current
authorsÕ criteria for BALAD, encompassing wide-
ranging terminology and descriptors by the original
authors. We focused on demographics, clinical and
multimodal imaging characteristics, terminologies,
and discussed pathophysiologic mechanisms unifying
these various chorioretinal disorders. Additionally, we
reviewed the current status of rapid bacillary layer
recovery as assessed by multimodal imaging tech-
niques and its potential implications for treatments
targeting photoreceptor renewal.

Review of the Ophthalmologic Literature

We conducted a systematic search according to
Khan et alÕs17 ! ve-step guidelines. In brief, the steps in
a systematic review include the following: (1) framing
the questions for a review, (2) identifying the relevant
publications, (3) assessing study quality, (4) summa-
rizing the evidence, and (5) interpreting the! ndings.
Therefore, we searched PubMed, Medline, Scopus,
Science Direct, Cochrane Library, Ovid, and Google
Scholar from inception through October 2020. We did
not restrict the study type or language in the searches.
The searched keywords wereÒbacillary layer detach-
ment,Ó Òatypical subretinal" uid,Ó Òsubretinal septae,Ó
Òsubretinal membranous structures,Ó Òsubretinal hy-
perre" ective structures,Ó Òexudative retinal detach-
ment,Ó Òneurosensory detachment,Ó Òcystoid spaces.Ó
Additional relevant articles were found using the
Òrelated citationsÓ link in PubMed and through
selected article reference lists. After deduplication,
we examined a total of 879 individual articles to con-
! rm whether the given article displayed multimodal
retinal images including at least one OCT scan to ana-
lyze the retinal morphology. Additional case material
derived from the authorsÕclinics was used to re! ne
speci! c imaging features. Furthermore, we included
intraoperative OCT images showing in vivo BALAD
development in eyes undergoing subretinal injection
of gene therapy during pars plana vitrectomy and re-
viewed articles displaying similar intraoperative OCT
! ndings. We also reviewed historical textbooks and
atlases to trace the origin of the termÒbacillary layer.Ó
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Demographic Analysis

From 879 articles identi! ed through our system-
atic search, 123 articles were included, yielding 178
eyes with BALAD identi! ed by OCT in 164 unique
patients (see References, andSupplemental Refer-
ences, Supplemental Digital Content 1, http://
links.lww.com/IAE/B473). The mean ± SD patient
age was 35.4 ± 14.5 years (range, 10Ð86 years), and
69 of 138 patients (50%) were female. Three types
of OCT were used: spectral-domain OCT in 146
eyes (82%), time-domain OCT in 25 eyes (14%),
and swept-source OCT in 7 eyes (4%). Follow-up
OCT images were available in 99 eyes (55.6%), and
mean ± SD follow-up was 167.4 ± 134.3 days
(range, 7Ð1,095 days). Mean ± SD baseline best-
corrected visual acuity was 0.98 ± 0.92 logarithm
of the minimum angle of resolution (Snellen equiv-
alent: 20/191). Underlying etiologies included VKH
disease (47%),12,18Ð40,S41ÐS65 acute posterior multi-
focal placoid pigment epitheliopathy (11%),S66ÐS80

sympathetic ophthalmia (7.3%),S61,S81ÐS89 choroidal
neovascularization (6.2%),11,S90,S91 toxoplasmosis
chorioretinitis (5.5%),6,10,S92ÐS97 acute idiopathic
maculopathy (5.5%),7,S98ÐS105 immunotherapy-
related toxicity (3.7%),10,S106ÐS109 hematological
disorders (2.4%),S110ÐS112 posterior scleritis (1.
8%),10,S47,S113choroidal metastasis (1.8%),10 cen-
tral serous chorioretinopathy (1.8%),10,S114panreti-
nal photocoagulation (0.6%),S115 peripapillary
pachychoroid syndrome (0.6%),9 ocular blunt
trauma (0.6%),8 uveal effusion syndrome (0.
6%),S116 choroidal lymphoma (0.6%),S117 choroidal
osteoma (0.6%),10 chikungunya-associated uveitis (0.
6%),S118 laser-induced maculopathy (0.6%),S119 bilat-
eral diffuse uveal melanocytic proliferation (0.
6%),S120 choroidal granuloma (0.6%),S121 and pre-
eclampsia (0.6%).S122 Choroidal neovascularization
included neovascular AMD, idiopathic choroidal neo-
vascularization, and proliferative macular telangiectasia
Type 2. Immunotherapy-related toxicity included 2
cases associated with ipilimumab (cytotoxic T-lympho-
cyte-associated antigen 4 blocker), 1 case associated
with vemurafenib (BRAF inhibitor) and 2 cases associ-
ated with the combination of dabrafenib (BRAF inhib-
itor) and trametinib (MEK inhibitor). Hematological
disorders included one case of chronic myeloid leuke-
mia, one case of acute myeloid leukemia, and one case
of thrombotic thrombocytopenic purpura. Central
serous chorioretinopathy (CSC) included one case of
! brinous CSC and one case of secondary CSC compli-
cating systemic lupus erythematosus with severe hyper-
tension and renal failure (T1 Table 1).

Terminology in Ophthalmologic Literature

We aimed to identify previous OCT nomenclatures
and to review their use in theaforementioned etiologies
to better understand the evolution of the terminology.
Forty-one different OCT terminologies were found. We
summarized them into 7 main categories for greater
clarity: (1) subretinal septum/membrane/compartment/
loculated space/cystic space in 61 of 178 eyes (34.3%),
(2) exudative retinal detachment/subretinal detachment/
swelling of the outer retina/neurosensory detachment/
elevation of the IS-OS in 49 of 178 eyes (27.5%), (3)
subretinal" uid in 33 of 178 eyes (18.5%), (4) BALAD
in 18 of 178 eyes (10.1%), (5) subretinal hyperre" ective
material/deposit/proteinaceous exudate in 7 of 178 eyes
(3.9%), (6) photoreceptor delamination in 7 of 178 eyes
(3.9%), and (7) intraretinal" uid in 3 of 178 eyes (1.9%).

Table 1. Summary of Demographic Characteristics of
Patients With BALAD From the Literature

Characteristics n (%)

No. of patients 164
No. of eyes 178
Age, years, mean ± SD 35.4 ± 14.5
Gender, n (%)

Male 69/138 (50)
Female 69/138 (50)

Type of OCT, n (%)
Spectral domain 146/178 (82)
Time domain 25/178 (14)
Swept source 7/178 (4)

Follow-up on OCT, days, mean ±
SD

167.4 ± 134.3

Etiologies (n = 22)
VKH disease 77/164 (47)
APMPPE 18/164 (11)
Sympathetic ophthalmia 12/164 (7.3)
Choroidal neovascularization 10/164 (6.2)
Toxoplasmosis chorioretinitis 9/164 (5.5)
Acute idiopathic maculopathy 9/164 (5.5)
Immunotherapy-related toxicity 6/164 (3.7)
Hematological disorders 4/164 (2.4)
Posterior scleritis 3/164 (1.8)
Choroidal metastasis 2/164 (1.2)
Central serous chorioretinopathy 2/164 (1.2)
Panretinal photocoagulation 2/164 (1.2)
Peripapillary pachychoroid
syndrome

1/164 (0.6)

Ocular blunt trauma 1/164 (0.6)
Uveal effusion syndrome 1/164 (0.6)
Choroidal lymphoma 1/164 (0.6)
Choroidal osteoma 1/164 (0.6)
Chikungunya-associated uveitis 1/164 (0.6)
Laser-induced maculopathy 1/164 (0.6)
BDUMP 1/164 (0.6)
Choroidal granuloma 1/164 (0.6)
Preeclampsia 1/164 (0.6)

APMPPE, acute posterior multifocal placoid pigment epitheli-
opathy; BDUMP, bilateral diffuse uveal melanocytic proliferation.
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The! rst OCT description of BALAD was made by
Maruyama and Kishi in a series of 21 patients with
VKH disease asÒintraretinal" uid accumulation in the
outer retina.ÓS123 Yamaguchi et alS124 further con-
! rmed their! ndings and introduced the termÒsubre-
tinal septae,Ó postulating that these septae were
composed of ! brin-like in" ammatory products
because they rapidly resolved after steroid therapy.
Despite the lack of direct histologic correlation for
BALAD to date, this hypothesis has gained popularity
among retina specialists because eosinophilic exudate
containing proteinaceous material has been docu-
mented in the subretinal detached area of VKH pa-
tients.S125ÐS127 It is only more recently, with the
advent of ultrahigh-resolution OCT that Ishihara
et al39 questioned these! ndings and proposed the
concept of splitting of photoreceptor OS from their
IS because of massive" uid accumulation.

Similar OCT features have been reported in the
aforementioned etiologies; however, to our knowl-
edge, no etiologic connection relating similar OCT
! ndings among these diseases has been proposed. In
2018, Mehta et al6 suggested the termÒbacillary layer
detachmentÓin a case of toxoplasmosis chorioretinitis
and postulated that the outer retinal split occurred at
the level of the IS myoids. The authors have supported
their OCT analysis through correlation with BALAD
frequently observed in histologic studies of postmor-
tem human eyes (seeÒHistologic ConsiderationsÓ
below).S128

Optical Coherence Tomography Hallmarks

Bacillary layer detachment has characteristic and
predictable features on OCT. Among published cases,
BALAD was consistently located at the posterior pole
and was foveal in 131 of 178 eyes (73.6%), parafoveal
in 45 of 178 eyes (25.3%), and peripapillary in 2 of
178 eyes (1.1%). Colocalization with subretinal and
intraretinal" uid was noted in 138 of 178 eyes (77.5%)
and in 10 of 178 eyes (5.6%), respectively. Increased
choroidal thickness was documented in 91 of 97 eyes
with reported choroid measurements (93.8%) having a
mean ± SD subfoveal choroidal thickness of 590 ±
146.7mm (range, 321Ð909 mm).

For the following detailed analysis of outer retinal
structures, our review focused on eyes imaged with
high-resolution spectral-domain OCT and swept-
source OCT (n = 153 eyes). The OCT hallmarks of
the BALAD included the following: (1) split at the
level of the hypore" ective myoid zone creating a dis-
tinctive cystic intraretinal space; (2) theÒceilingÓor
anterior border of BALAD appeared as a hyperre" ec-

tive granular band, presumably containing remaining
fragments of structures corresponding to the myoid
zone and regenerating photoreceptor IS and OS; (3)
the Ò" oorÓ or posterior border of the BALAD was
delineated by a band of variable re" ectivity and thick-
ness appearing as a continuation of the EZ of adjacent
attached retina. This structureÕs composition was pre-
sumed to be detached photoreceptor IS and OS re-
maining adherent to RPEÐbasal laminaÐBruch
membrane complexS129; (4) a second hyperre" ective
band below the BALAD" oor was detectable in 47.7%
and was continuous with the interdigitation zone of
adjacent attached retina; (5) the ELM was distin-
guishable anterior to the BALAD in 72% of eyes; (6)
areas of subretinal" uid under the" oor of the BALAD
was seen in 50.3%; (7) suspended hyperre" ective
particles were observed with the BALAD in 77.1%,
and re" ectivity of the BALAD contents was higher
compared with that of adjacent subretinal" uid in
90.8%; (8) the BALAD had a distinctive piriform-
shaped con! guration in 71.9% with acute angles at
the base in 77.1% ( F1Figures 1Ð4; seeVideo 1, Sup-
plemental Digital Content 2, http://links.lww.com/
IAE/B474, which shows three-dimensional OCT
reconstruction of BALAD in acute idiopathic macul-
opathy; seeFigures S1ÐS4 with corresponding leg-
ends in theSupplemental Digital Content 3, http://
links.lww.com/IAE/B475, which shows additional
examples of BALAD on multimodal imaging). In
some eyes, focal adhesions between the outer retina
and the RPEÐbasal laminaÐBruch membrane were
identi! ed near the BALAD margin (seeFigures S1Ð
S4, http://links.lww.com/IAE/B475, http://links.lww.
com/IAE/B476, http://links.lww.com/IAE/B477,
http://links.lww.com/IAE/B478, with corresponding
legends in theSupplemental Digital Content 8,
http://links.lww.com/IAE/B480). These adhesions
demonstrated a high degree of outer retinal plasticity
present within the central macula. Because the detec-
tion of these focal lesions often required dense OCT
B-scan raster patterns, available only for the authorsÕ
case material, their frequency in the published litera-
ture was not assessed.

Multimodal Imaging Features

On ophthalmoscopic examination (n = 106 eyes),
cases were typically described as having subretinal
" uid (97.2%), which displayed characteristic round
or polygonal yellow borders in 85 in 106 eyes
(80.2%). Lesions that were not detected on ophthal-
moscopy (1%) were rarely multifocal (4.7%) and
occurred primarily in VKH disease, acute posterior
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multifocal placoid pigment epitheliopathy, and sympa-
thetic ophthalmia. Lesions consistently faded over
time, either spontaneously or following the initiation
of anti-in" ammatory treatment.

Fundus auto" uorescence and near-infrared re" ec-
tance! ndings were both available in 22 of 178 eyes
(12.4%). Characteristically, the BALAD was hypoau-
to" uorescent in all cases, as a result of masking of
RPE fundus auto" uorescence by the intra-BALAD

exudation or RPE disruption or both. Near-infrared
re" ectance demonstrated hypore" ective lesions in all
cases. A thin hyperre" ective border surrounded the
hypore" ective BALAD in 18 of 22 eyes (81.8%).
Fluorescein angiography (n = 92 eyes) was notable for
hyper" uorescent pooling of dye (92.4%) within the
BALAD cavity, which resembled the pattern of serous
pigment epithelial detachment (72.4%). Hypo" uores-
cent borders in the late phase corresponded to a yellow

C
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Fig. 1. Bacillary layer detach-
ment associated with acute idio-
pathic maculopathy and
proposed annotation system.A.
Color fundus photograph of a
31-year-old man with vision loss
in his right eye shows a yel-
lowish foveal elevation with a
thin, peripheral, yellow border
(white arrowhead).B. Spectral-
domain OCT B-scan shows a

foveal BALAD with small areas of surrounding serous retinal detachment. Note the hypore" ective loss of normal inner choroidal architecture beneath
the areas of overlying retinal changes. The white dashed box indicates the area shown in the magni! ed view (C). C. Magni! ed spectral-domain OCT B-
scan of BALAD. The outer retinal split occurs at the level of the hypore" ective myoid zone (MZ, green arrowhead) beneath the ELM (blue arrowhead)
leaving the remaining photoreceptor layers (fragments of the MZ, ellipsoid zone [EZ, red arrowhead] and interdigitation zone [IZ, orange arrowhead])
adherent to the RPEÐbasal laminaÐBruch membrane complex (RBB, yellow arrowhead) at the base of the BALAD. TheÒceilingÓor anterior border of
the BALAD (white arrowhead) appears as a hyperre" ective granular band, presumably containing remaining fragments of the myoid zone and re-
generating photoreceptor IS and OS. TheÒ" oorÓor posterior border of the BALAD (white arrowhead) is delimited by a thickened band of heterogenous
re" ectivity. The anterior portion of BALAD" oor is continuous with the EZ (red arrowhead) in adjacent attached retina. Note the hyperre" ective
material within the cystoid space created by the BALAD. The annotations using colored labels for speci! c retinal structures is continued throughout the
remaining! gures. Adapted from Fern‡ndez-Avellaneda et al.7
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Fig. 2. Bacillary layer detach-
ment associated with exudative
neovascular AMD.A. Confocal
color fundus photograph of a 61-
year-old woman with recent
vision loss in her right eye
shows greyish pigment epithelial
detachment with subretinal" uid.
B. Spectral-domain OCT B-scan
shows a pigment epithelial
detachment with subretinal hy-
perre" ective material and sub-
retinal " uid consistent with
exudative Type 1 macular neo-
vascularization. No BALAD is
apparent at presentation. The
inset image is the corresponding
near-infrared re" ectance image
with the green line indicating the
location of the spectral-domain
OCT B-scan.C. En-face swept-
source OCT angiography pro-
jection (top) using the RPE and
Bruch membrane as segmenta-
tion boundaries shown as yellow

dashed lines in the corresponding OCT B-scan with red" ow signal overlay (bottom) con! rms Type 1 macular neovascularization.D. Six weeks after
intravitreal injection of a" ibercept (2.0 mg/0.05 mL), follow-up confocal color fundus photograph shows a larger pigment epithelial detachment.E and
F. Follow-up tracked spectral-domain OCT B-scan acquired on a prototype high-resolution device (HR-OCT, Spectralis; Heidelberg Engineering,
Heidelberg, Germany) (E) and magni! ed view (F) show a foveal BALAD. The outer retinal split occurs at the level of the hypore" ective myoid zone
(MZ, green arrowhead) beneath the ELM (blue arrowhead) leaving the remaining photoreceptor layers (ellipsoid zone [EZ, red arrowhead] and
interdigitation zone [IZ, orange arrowhead]) adherent to subretinal hyperre" ective material anterior to the RPEÐbasal laminaÐBruch membrane complex
(RBB, yellow arrowhead) at the base of the BALAD. TheÒceilingÓor anterior border of the BALAD (white arrowhead) appears as a hyperre" ective
granular band, presumably containing remaining fragments of the myoid zone and regenerating photoreceptor IS and OS. The anterior portion of
BALAD " oor (white arrowhead) is continuous with the EZ (red arrowhead) within adjacent attached retina. The inset near-infrared re" ectance image
with the green line indicates the location of the HR-OCT B-scan.
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margin seen in color fundus photographs, a hyperre-
" ective margin on near-infrared re" ectance, and the
BALAD angles on OCT. These multimodal imaging
! ndings were not present in adjacentÒtrueÓ serous

retinal detachments. Associated! ndings on" uores-
cein angiography included optic disk staining
(94.6%), dye pooling beneath adjacent serous retinal
detachment (70.7%), and vascular staining (12%).
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Fig. 3. Meticulous analysis of the BALAD bor-
der in VKH disease using a dense (11mm in-
terscan distance) optical coherence tomography
raster pattern.A. Spectral-domain OCT (SD-
OCT) of nascent BALAD shows hyperre" ective
material accumulation (white arrowhead) at the
level of the hypore" ective myoid zone (MZ,
green arrowhead) with inward bowing of the
ELM (blue arrowhead) and focal attenuation of
the underlying ellipsoid zone (EZ, red arrow-
head). The" oor of the nascent BALAD (f-BA-
LAD, white arrowhead) is adherent to the RPEÐ
basal laminaÐBruch membrane complex (RBB,
yellow arrowhead). Note the distinctive hyper-
re" ective border (black arrowhead) of the BA-
LAD on near-infrared re" ectance. The green
arrow in the near-infrared re" ectance image
(right) indicates the location of the SD-OCT B-
scan (left).B. Adjacent inferior SD-OCT B-scan
demonstrates further enlargement of the hypore-
" ective myoid zone splitting creating the BA-
LAD (white arrowhead). There is increased
re" ectivity of the outer nuclear layer and portions
of the Henle! ber layer overlying the BALAD.C
andD. Adjacent inferior SD-OCT B-scans show
gradual enlargement of the BALAD. The ceiling
of the BALAD (c-BALAD, white arrowhead) is
apparent as a granular hyperre" ective band. The
f-BALAD (white arrowhead) is continuous with
the EZ of adjacent retina. There is a linear, hy-
perre" ective structure (white dashed arrow inD)
overlying the" oor of the BALAD that appears to
represent fragments of photoreceptor IS myoids.
E. One month later, following treatment with oral
corticosteroids, tracked SD-OCT B-scan corre-
sponding to (D) shows resolution of the BALAD.
The ELM is intact. There are focal attenuations of
the EZ and IZ.
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Table 2T2 summarizes the OCT hallmark features and
multimodal imaging! ndings of BALAD.

Intraoperative Optical Coherence Tomography
Features of In Vivo Bacillary Layer Detachment

During Subretinal Gene Therapy Surgery

Intraoperative OCT has demonstrated its utility in
patients undergoing subretinal gene therapy to guide
viral vector injection and to avoid complications such
as sub-RPE or intraretinal injection, foveal over-
stretching, and macular hole formation.S130 With the
increased number of subretinal gene therapy cases,
additional intraoperative OCT signs were recently
described, including theÒ" eur-de-lisÓsign that visual-
izes early subretinal bleb formation and theÒdouble
hyperre" ectiveÓsign that detects subretinal air bubb-
les.S131 We reviewed published articles and surgical
videos of subretinal gene therapy injection to analyze
an unrecognized intraoperative OCT! nding that
shares overlapping features with BALAD including
the following: (1) an outer retinal split creating a dis-
tinctive cystic space (the exact level of separation can-
not be ! rmly located because of lower tissue
resolution of intraoperative OCT); (2) the" oor of
the surgically induced BALAD was delineated by a
faint, thickened, hyperre" ective band continuous with
the EZ of adjacent retina; (3) the" oor of the surgically

induced BALAD could be either adherent or detached
from the RPE; (4) the surgically induced BALAD has
a distinctive U-shaped con! guration. Illustrations of
surgically induced BALAD are found in Figure 5
(see Video 2, Supplemental Digital Content 9,
http://links.lww.com/IAE/B481, which shows surgi-
cally induced BALAD during gene therapy surgery).

Origin of the Term ÒBacillary LayerÓ

The seventeenth century Dutch microscopist van
Leeuwenhoek was the! rst to observe the layer of rods
and cones when examining a cowÕs retina. As early as
1674, in a letter sent to the Royal Society in London,
he referred toÒthe third tunicle was exceeding thin and
tender and having viewed it, I found it also to consist
of globules united.ÓS132 In 1722, he undoubtably
examined photoreceptor OS when describing in a
frogÕs retinaÒoblong particles one fourth longer than
they were thick.ÓS133In 1819, this layer was rediscov-
ered by the Irish pathologist Jacob. At that time, his-
tologic descriptions of the retina have identi! ed two
parts including theÒmedullary layer of the retinaÓthat
is attached to the choroid coat and theÒvascular layerÓ
next to the vitreous.S134 In his ÒAccount of a Mem-
brane in the Eye,ÓJacob wrote,ÒThat it is not the
nervous layer which I detach [. . .] ! rst, because it is
impossible to separate that part of the retina [. . .] and,
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Fig. 4. Serial spectral-domain
OCT of BALAD resolution in
VKH disease.A. Baseline near-
infrared re" ectance (left) and
spectral-domain OCT B-scans of
a 46-year-old woman with a 3-
day history of decreased visual
acuity in her right eye. There is a
dome-shaped foveal BALAD.
The ceiling of the BALAD
appears as a faint hyperre" ective
band (white arrowhead). The
" oor of the BALAD is charac-
terized by a faint, irregular, hy-
perre" ective band (white
arrowhead) continuous with the
ellipsoid zone (EZ, red arrow-
head) in adjacent retina and
adherent to the RPEÐbasal
laminaÐBruch membrane com-
plex (RBB, yellow arrowhead).
The green line indicates the
location of the spectral-domain
OCT B-scan. Note the distinc-
tive hyperre" ective border of the
BALAD on near-infrared re" ec-

tance (black arrowhead).B. Two days after the start of steroid therapy, the ELM (blue arrowhead) is clearly traceable over the BALAD. The anterior
border of the BALAD is delineated by a sharp hyperre" ective line (white arrowhead) presumably containing regenerating photoreceptor IS and OS.
Fragments of IS and OS (red arrowheads) are visible anterior to the RBB (yellow arrowhead).C andD. Five days (C) and 7 days (D) after the start of
steroid therapy, the ELM (blue arrowhead) is still intact over the BALAD. Resolving fragments of degenerating IS and OS constitute a granular,
discontinuous, hyperre" ective band (red arrowheads) anterior to the RBB (yellow arrowhead).E andF. Ten days (E) and 90 days (F) after the start of
steroid therapy, there is a gradual reconstitution of the EZ (red arrowhead) with persistent focal disruptions.
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Table 2. Optical Coherence Tomography and Related Multimodal Imaging Features of BALD

OCT (n = 178 Eyes)

Ophthalmoscopy and
Color Fundus
Photography

(n = 106 Eyes) FAF (n=22 Eyes) NIR (n = 22 Eyes)

Fluorescein
Angiography
(n = 92 Eyes)

Intraretinal split at the
level of the
photoreceptor myoid
zone

Hyperre" ective
granular band
forming the anterior
border (ceiling) of the
BALAD

Faint, thickened,
hyperre" ective band
delineating the
posterior border
(" oor) of the BALAD
and continuous with
the EZ of adjacent
attached retina

Adherence of the
BALAD " oor with the
RPE/Bruch
membrane complex
and/or subretinal
hyperre" ective
material

Continuity of a second
hyperre" ective band
below the BALAD
" oor with the
interdigitation zone
of adjacent attached
retina (nearly half of
cases)

There may be edema/
schisis present in the
adjacent Henle ! ber
layer.

Integrity of the ELM
anterior to the
BALAD (more than
70% of cases)

High rate of suspended
hyperre" ective
particles and
medium internal
optical intensity of
the BALAD (more
than 70% and 90%
of cases,
respectively)

Distinctive piriform
shape with acute
angles at the base
(more than 70% of
cases)

Round or polygonal
areas of presumed
subretinal " uid
(97.2%) displaying a
characteristic yellow
border (80.2%)

Not visible on
ophthalmoscopic
examination (1%)

Rarely multifocal
(4.7%)

Hypoauto" uorescence,
presumably as a
result of masking of
RPE FAF by the intra-
BALAD exudation,
RPE disruption, or
both (100%)

Hypore" ective lesions
(100%) surrounded
by a thin
hyperre" ective
border (81.8%)

Varying degrees of
hyper" uorescent
dye pooling within
the BALAD cavity
(92.4%) with dark
border visible in the
late phase (72.4%).
May resemble the
angiographic
appearance of a
serous RPE
detachment

Not visible (7.6%)
Associated ! ndings:

optic disk and
vascular staining,
hyper" uorescent
dye pooling
beneath adjacent
serous retinal
detachments that
typically show less
distinct margins

EZ, ellipsoid zone; FAF, fundus auto" uorescence; NIR, near-infrared re" ectance.
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secondly, because I leave the retina uninjured.ÓS135

Herein, Jacob provided the! rst histologic! nding of
detachment ofÒmembrana JacobiÓ that was further
correlated with the bacillary layer. In 1837, Valentin
demonstrated that the JacobÕs membrane consisted of
ÒwartsÓ (ÒwŠrzchenÓ in German), which was con-
! rmed by MŸller and Henle in 1839 who observed
Òrod-shaped bodiesÓ(Òstabfšrmigen KšrperÓin Ger-
man).S136,S137In 1840, Hannover identi! ed the second
component of the JacobÕs membrane as theÒconesÓ
(ÒzapfenÓin German).S138

The termÒbacillary layerÓwas ! rst introduced by
von BrŸcke in 1847 and derived from the Latin trans-
lation (Òstratum bacillosumÓ) of the German expres-
sionÒschicht der stabfšrmigen KšrperÓ(which means
Òlayer of the rodsÓ).S139 More recently, the term
Òbacillary layerÓ is found in the PolyakÕs treatise
ÒThe RetinaÓ(1941).2 Polyak has described subdivi-
sion of the! ne structure of the retina, and his nomen-
clature of the retinal layers is widely accepted. In
1995,Òbacillary layerÓappeared on a website based
at the University of Pennsylvania, an institution con-
tributing seminal retinal neuroscience during that era
(http://retina.anatomy.upenn.edu/" rob/lance/retina_
gross.html).S140,S141In the modern ophthalmic peer-
reviewed literature, Curcio et alS142 and Spaide and

Curcio3 were the! rst to use anatomical designations
as per Polyak to correlate outer retinal bands on OCT
with ÒPolyakÕs bacillary layerÓon histology.ÓBacil-
lary layer is the preferred terminology overÒphotore-
ceptor layerÓfor just the IS and OS, used by many
current authors, because photoreceptors are long and
highly compartmentalized cells that span several ana-
tomical layers (outer plexiform, Henle! ber, and outer
nuclear layers). The tissue compartment containing the
bacillary layer is the subretinal space, which is a
potential space bounded above by the ELM and below
by the junctional complexes of the RPE (also called
Verhoeff membrane).S143

Histologic Considerations

The postmortem occurrence of retinal detachment is
a well-known histologic artifact and can manifest
either as detachment of the photoreceptor OS from
the RPE (aÒtrueÓretinal detachment) or as split within
the photoreceptor IS myoids (a BALAD) leaving a
continuous layer of detached photoreceptor IS frag-
ments and OS remaining adherent to the RPE.S144,S145

Histologic analysis of AMD eyes has revealed artifac-
tual BALAD,S146ÐS149 as indicated by the authors
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Fig. 5. Surgically induced BA-
LAD during subretinal gene
therapy injection. A. Pre-
operative near-infrared re" ec-
tance (left) and spectral-domain
OCT (SD-OCT, right) of a 12-
year-old girl with biallelic
RPE65-mediated inherited reti-
nal disease. Note the preserva-
tion of the foveal ELM and
ellipsoid zone (EZ). The green
line indicates the location of the
SD-OCT B-scan.B. Color fun-
dus photograph (left) and intra-
operative SD-OCT (right)
obtained during subretinal gene
therapy with voretigene ne-
parvovec-rzyl. The horizontal
SD-OCT scan demonstrates
areas of subretinal" uid (aster-
isks) and BALAD (white
arrowhead). There are multiple
areas of Henle! ber layer (HFL)
schisis and edema (white dashed
arrow). The white dashed box is
a magni! ed view of the BA-
LAD. The ceiling of the BA-
LAD (white arrowhead) appears
as a thickened hyperre" ective
band between areas of adjacent
HFL schisis and edema. The

" oor of the BALAD (white arrowhead) is adherent to the RPEÐbasal laminaÐBruch membrane complex (RBB, yellow arrowhead) and continuous with
the EZ (red arrowhead) in adjacent retina.C. Color fundus photography and intraoperative SD-OCT obtained during subretinal gene therapy with
voretigene neparvovec-rzyl. Adjacent horizontal SD-OCT B-scan shows 2 U-shaped BALADs (white arrowheads). The white dashed box is a mag-
ni! ed view of the BALAD. TheÒ" oatingÓdetached bacillary layer (white arrowheads) show no adhesion to the RBB (yellow arrowhead).

BACILLARY LAYER DETACHMENT ! RAMTOHUL ET AL 9

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.



(Figure 6).S146,S148,S149Collectively, these observa-
tions suggest an inherent weakness in photoreceptor
IS structure. In the outer retina, detachments occur at
points of structural weakness relative to adjacent
layers when separation forces overwhelm physiologic
retinal adhesive forces. In the subretinal space, the
tight ensheathment of the OS by RPE microvilli may
contribute to adhesion by several mechanisms includ-
ing frictional resistance from the interdigitations, elec-
trostatic interaction between cell membranes, and
metabolic supply to ensure the continuous process of
OS phagocytosis. Furthermore, the interphotoreceptor
matrix, which is a viscous material predominantly
composed of glycosaminoglycans, is present in-
between photoreceptor OS and strengthens this adhe-
sive process, particularly at the level of photoreceptor
matrix sheathes that envelop each photoreceptor
OS.S150 At the base of the photoreceptor IS, MŸller
glia are attached to each other and to photoreceptor IS
by continuous homotypic and heterotypicadherens
junctions, respectively, that collectively form the
ELM. The ELM serves as a semipermeable diffusion
barrier for extracellular components and also a struc-
tural support for proper cellular organization, integrity,
and photoreceptor alignment.S151Therefore, we postu-

late that inherent weakness in photoreceptor IS struc-
ture may manifest as a BALAD in vivo during acute
subretinal exudation when outwardly directed forces
promoting attachment of photoreceptor OS to the
RPE exceed the tensile strength of the photoreceptor
IS myoids.

Furthermore, it was demonstrated that photoreceptor
IS undergo substantial remodeling as degeneration
proceeds in AMD. In a systematic review of well-
preserved late AMD eyes, Litts et alS130 found that
individual cones can shed IS into the subretinal space.
Thus, splitting of the IS not only is an histologic arti-
fact but also may be part of a spectrum of degenerative
changes where BALAD may represent acute and
simultaneous shedding of a cluster of IS.S149,S152

Recently, direct clinicopathologic correlation
between OCT and histology of outer retinal tubulation
in AMD has shown that mitochondria are independent
re" ectivity sources even when cone IS are severely
misaligned and shrunken.S153The re" ective border of
outer retinal tubulation is attributed to the! ssion of IS
mitochondria, which are normally long and thin, into a
myriad of small ovoid organelles that re" ect via Mie
scattering.5 On OCT, the" oor of the BALAD is char-
acterized by a faint hyperre" ective band continuous
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Fig. 6. Artifactual BALAD in
postmortem histology.A. Opti-
cal coherence tomography B-
scan acquired 1 year before
patient death showing an exten-
sive, subfoveal, shallow, irregu-
lar RPE elevation harboring
Type 1 macular neo-
vascularization (yellow arrow-
heads), secondary to AMD.
Retina is physically intact.BÐD.
Postmortem histology. Aster-
isks, BALAD at the level of IS
myoids, with OS remaining
attached to the RPE. Green
arrowheads in (C andD), ELM.
Tissue is post-! xed with
osmium tannic acid para-
phenylenediamine, prepared for
epoxy resin sections, and stained
with toluidine blue. B. Pano-
ramic view of histology showing
the RPE elevation from panelA
(yellow arrowheads).C. Tem-
poral to the RPE elevation, BA-
LAD is narrow.D. Nasal to the
RPE elevation, BALAD is wide.
BrM, Bruch membrane; Ch,
choroid; GCL, ganglion cell
layer; HFL, Henle! ber layer;
INL, inner nuclear layer; NFL,
nerve ! ber layer; ONL, outer
nuclear layer; ONL/HFL, ONL
and HFL indistinguishable as a
result of in vivo dyslamination.
Modi! ed from Chen et al.S194
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with the EZ of adjacent retina. Therefore, the optical
re" ectivity of the BALAD " oor may originate from
the disordered mitochondria of residual photoreceptor
IS ellipsoids remaining adherent to the RPEÐbasal
laminaÐBruch membrane. Alternative hypotheses of
the BALAD " oor optical properties may include sig-
nal attenuation from the overlying" uid, persistent
fragments of the myoids, and OS adherent to the RPEÐ
basal laminaÐBruch membrane.

Pathophysiology

The imaging similarities between aforementioned
entities suggest overlapping disease processes. We
postulate that the main pathophysiological mechanism
in BALAD genesis is comparable to exudative retinal
detachment and involves breakdown of the RPE
component of the outer bloodÐretina barrier (leaving
the ELM component intact). This assumption is con-
sistent with late-phase" uorescein angiograms show-
ing leakage and dye pooling. The outer bloodÐretina
barrier is formed by the tight junctions between
neighboring RPE cells and acts to regulate molecular
movement of solutes and nutrients from the choroid to
the subretinal space.S154 Thus, similar pathologic
mechanisms occurring in both serous retinal detach-
ment and BALAD may account for the frequency of
their colocalization in our review (77.5%). Con-
versely, the paucity of intraretinal" uid associated with
BALAD (5.6%) is likely related to ELM integrity.
Other mechanisms of BALAD formation may occur,
particularly in cases of laser-induced BALAD,
including RPE insult and pump failure, and thermal
injury to the RPE and photoreceptor layer.S119,S155

Our review documented a high proportion of
choroidal thickening (93.8%) associated with BA-
LAD. Increased choroidal thickness has been associ-
ated with exudative retinal detachments in a wide
spectrum of disease processes, including choroidal
in" ammation, congestion, ischemia, in! ltration, neo-
vascularization, and compression. Furthermore, recent
studies using OCT angiography have documented
choroidal and choriocapillaris" ow impairments asso-
ciated with serous retinal detachment in VKH dis-
ease,19 acute posterior multifocal placoid pigment
epitheliopathy,S156 sympathetic ophthalmia,S157 acute
idiopathic maculopathy,S158 toxoplasmosis chorioreti-
nitis,S159 choroidal tumors,S160 and central serous
chorioretinopathy.S161

In our review of retinal imaging in BALAD, we
qualitatively assessed the optical intensity of the
BALAD cavity on OCT as compared with that of
adjacent serous retinal detachment and found that the

internal re" ectivity of BALAD was higher in more
than 90%, suggesting different components in these 2
" uid compartments. Moreover, a high rate of sus-
pended hyperre" ective particles was noted within the
BALAD cavity and likely represent photoreceptor
debris and in" ammatory products, including! brin.
In experimental subretinal hemorrhages, it has been
demonstrated that! brin interdigitates with photore-
ceptor OS.S162 We postulate that the accumulation of
subretinal! brin may modulate the adhesion between
photoreceptor OS and RPE apical microvilli, resulting
in BALAD in these areas when hydrostatic pressure is
exerted by subretinal exudation.

Rapid Bacillary Layer Recovery and
Photoreceptor Structure Renewal

Evolution of Bacillary Layer Detachment

Short-term evolution of BALAD was available in 77
of 178 eyes (43.3%) with a mean duration ± SD of
10.6 ± 6 days (range, 1Ð48 days) and was character-
ized by rapid" attening of the BALAD on OCT. Long-
term follow-up was available in 99 of 178 eyes
(55.6%) and demonstrated progressive restoration of
the EZ followed by the interdigitation zone. Persistent
focal disruptions of the ellipsoid and interdigitation
zones were noted in all eyes but were mostly focal
attenuation (Figures 3, 4, and S11). Mean! nal ± SD
best-corrected visual acuity increased to 0.27 ± 0.20
logarithm of the minimum angle of resolution (Snellen
equivalent: 20/37).

The sequential pattern of evolution of the" oor of
BALAD (presumably containing split photoreceptor
myoids, ellipsoids, and OS) provided direct morpho-
logic evidence that injured photoreceptors may show
some degree of spontaneous IS and OS regeneration.
A similar sequence of transient bacillary layer disrup-
tion followed by rapid restoration has been demon-
strated using adaptive optics imaging in several retinal
entities including multiple evanescent white dot syn-
drome,S163 acute idiopathic blind spot enlarge-
ment,S164 acute macular neuroretinopathy,S165 central
serous chorioretinopathy,S166 or after retinal detach-
ment surgery.S167However, these studies have mainly
focused their high-resolution imaging analysis on the
photoreceptor OS mosaic, showing progressive
increased density and realignment along with visual
function improvement. In BALAD, the rapid func-
tional improvement and structural recovery of the
bacillary layer on multimodal imaging would imply
additional mechanisms of photoreceptor IS renewal,
including regenerating mitochondria, Golgi apparatus,
and endoplasmic reticulum. Shedding IS and loss of
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myoids are part of a one-way cone degenerative pro-
cess occurring in AMD eyes.S128Considering that BA-
LAD designates an intraphotoreceptor fracture at the
level of the myoid, IS recovery may provide additional
insights into photoreceptor regenerative pathways.

Dynamics of Inner Segment Organelle Recovery
After Photoreceptor Injury

Photoreceptor mitochondria are mostly con! ned to
the distal ellipsoid portion of the photoreceptor IS,4

and their oxygenation is highly dependent on the cho-
roidal circulation.S168 Mitochondria are semiautono-
mous organelles that contain their own genome and
protein translation machinery. Their dominant role is
to ensure photoreceptor metabolic requirements by
producing adenosine triphosphate through oxidative
phosphorylation. They are also mobile organelles that
constantly undergo cyclic morphologic changes
including fusion and! ssion through highly regulated
processes to respond to metabolic needs or environ-
mental stress.S169,S170 Fusion allows healthy and
mildly damaged mitochondria to fuse to generate in-
terconnected organelles, whereas! ssion produces de-
polarized fragments from severely impaired
mitochondria that are further eliminated by a pro-
grammed autophagy termed mitophagy.S170 These
dynamic processes contributing to cell health and
mitochondrial dysfunction has been associated with
retinal dystrophies.S171Recent investigations in animal
models have demonstrated daily cone mitochondrial
structural and functional changes to supply higher
energy demands in darkness.S172,S173 Adaptative
mechanisms include mitochondrial biogenesis preced-
ing the increased cone metabolic activity and the num-
ber of mitochondria in single cones. Moreover, it has
been suggested that normal cones can selectively
export damaged mitochondria away from the ellipsoid
region and that this selective mitochondrial movement
is enhanced by mitochondrial stress.S174 Collectively,
these data highlight intrinsic autoregulatory mecha-
nisms of IS mitochondria and the remarkable regener-
ative potential of photoreceptor organelles.

Electron microscopy studies of IS mitochondria
after experimental retinal detachment provided evi-
dence of rapid regeneration following reattach-
ment.S175,S176This ! nding has been con! rmed using
immunocytochemical labeling of the cytochrome oxi-
dase, which is a key enzyme involved in adenosine
triphosphate synthesis within IS mitochondria.S177

These regenerative changes negatively correlated with
the duration and height of the detachment. Greater
height indicates greater distance of the IS from the
choroid, thereby reducing oxygen and nutrient deliv-

ery.S177ÐS179In our analysis, BALAD was remarkable
for its short-term duration and the persistent proximity
between the IS ellipsoids and the RPE, which may
contribute to the relative preservation of the IS mito-
chondria oxygenation from the choroid during the
acute phase and further promote the rapid recovery
during the follow-up by allowing uninterrupted deliv-
ery of glucose and other metabolic intermediates.
Alternative recovery strategies during the! rst days
of retinal detachment included the decompartmentali-
zation of the rough endoplasmic reticulum and Golgi
apparatus in the myoid.S175,S176Thus, photoreceptor
survival may be enhanced by a decrease in the meta-
bolic cost of maintaining the highly compartmental-
ized and polarized IS organelles. Moreover, retinal
reattachment allowed the regrowth of photoreceptor
axons through selective expression of molecules impli-
cated in targeted synaptogenesis.S180

Photoreceptor Metabolism and Inner and Outer
Segment Regeneration after Bacillary
Layer Detachment

Unlike most other terminally differentiated neurons,
photoreceptors have massive biosynthetic require-
ments that rival rapidly dividing cells. Baseline
physiologic requirements place an exceedingly high
metabolic demand on photoreceptors to generate the
energy and macromolecules necessary for normal
visual function and survival.S181 Daily shedding of
spent disks requires rapid replacement of approxi-
mately 10% of OS in rods and cones, requiring ana-
bolic production of lipids, proteins, and nucleic
acids.S182 To meet this high biosynthetic requirement
for OS recycling, photoreceptors have developed
unique metabolic adaptations, including aerobic gly-
colysis, or the conversion of glucose to lactate despite
the presence of oxygen.S183,S184Studies have demon-
strated that 80% to 90% of the glucose delivered to the
outer retina is converted to lactate via aerobic glyco-
lysis.S181Aerobic glycolysis, or the Warburg effect, is
a hallmark of rapidly dividing cells, including tumor
cells supporting unrestrained proliferation.S185 By
preferentially using aerobic glycolysis, photoreceptors
can rapidly generate metabolic intermediates that are
preferentially shuttled to lipid, amino acid, and nucleic
acid production pathways.S184 The critical role of the
Warburg effect in photoreceptor metabolism was
recently demonstrated by Chinchore et alS183 who
showed that reducing the expression of key aerobic
glycolysis enzymes diminish the ability to maintain
OS. The unique ability to perform aerobic glycolysis
underscores that photoreceptors are metabolically
wired to replenish and regenerate cellular components
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including organelles and membranes required for the
assembly of IS and OS.S181ÐS185 In ground squirrels,
hibernation leads to cone OS shortening, decreased
mitochondrial size and numbers, depletion of ribo-
somes, and fragmentation of Golgi complex, all of
which recover when hibernation is terminated, with
rapid regeneration of mitochondria, ribosomes, and
Golgi complex in IS followed by the OS regenera-
tion.S186 Similarly, ample clinical evidence supports
that photoreceptor IS and OS may exhibit spontaneous
recovery after injury. Longitudinal OCT assessment of
photoreceptors after retinal detachment surgery has
demonstrated progressive restoration of the EZ of IS
followed by OS interdigitation with apical processes of
the RPE.S167 A similar sequential pattern of photore-
ceptor IS and OS healing has been reported after mac-
ular hole surgery.S187

Strengths and Limitations

Strengths of our literature review include multi-
modal imaging con" uence of a large number of
patients with different etiologies, thorough correlation
of OCT-derived anatomical information with previ-
ously published histologic observations of the retina,
and validation of a novel descriptive terminology
based on speci! c re" ectance information obtained by

OCT combined with the widely accepted nomencla-
ture of retinal layers as per Polyak. We have also
incorporated new concepts from experimental studies
of retinal metabolism and injury response. Further-
more, we proposed a novel acronymÒBALAD Ó
(BAcillary LAyer Detachment) to avoid confusion
with basal laminar deposits (BLamD) and basal linear
deposits (BLinD) in AMD, which are both called
ÒBLDÓin the older literature.S188,S189

Limitations include the lack of direct histologic
analysis of BALAD. However, such a correlation is
particularly challenging, considering the transient
nature of BALAD, the relatively young age of affected
population and the histologic artifacts that impair
retinal examinations. The histologic reports used to
validate this nomenclature mostly showed postmortem
artifactual BALAD in AMD patients, with one report
providing evidence that individual IS shed even in
intact retinas.S128 Therefore, extrapolation from
pathology to OCT should be cautious. However, these
reports demonstrated an inherent weakness in photo-
receptor IS and further support our OCT analysis.

Conclusions and Perspectives

Within two decades, the terminology evolved from
a more speculative OCT feature asÒproteinaceous
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Fig. 7. Bacillary layer detach-
ment associated with toxoplas-
mosis retinochoroiditis and
Henle ! ber layer (HFL) schisis
and edema.A. Near-infrared
re" ectance (left) and spectral-
domain OCT (SD-OCT, right) of
a 14-year-old girl with a 10-day
history of decreased visual acu-
ity in her left eye. Near-infrared
re" ectance shows a thin hyper-
re" ective line (black arrow-
heads) indicating the margin of a
BALAD. The larger surrounding
hypore" ective area corresponds
to HFL schisis and edema on
SD-OCT. Spectral-domain OCT
(right) through the inferior mac-
ula demonstrates schisis and
edema in the HFL (white dashed
arrow). The green line indicates
the location of the SD-OCT B-
scan.B. Adjacent superior SD-
OCT B-scan shows a hyper-
re" ective round structure within

the HFL/outer nuclear layer that corresponds to the inferior margin of the BALAD. Schisis and edema of the HFL (white dashed arrow) are apparent on
either side of the nascent BALAD.C andD. Adjacent superior SD-OCT B-scan show a cystic cavity within the outer retinal layers that represents the
posterior border of the BALAD. Henle! ber layer schisis and edema (white dashed arrows) are apparent on either side of the BALAD.E and F.
Adjacent superior SD-OCT B-scan show a piriform-shaped BALAD. The ceiling of the BALAD (c-BALAD, white arrowhead) shows hyperre" ective
granularity. The" oor of the BALAD (f-BALAD, white arrowhead) is continuous with the ellipsoid zone (EZ, red arrowhead inF) in adjacent attached
retina and adherent to the RPEÐbasal laminaÐBruch membrane complex (RBB, yellow arrowhead inF). Henle! ber layer schisis and edema (white
dashed arrows) are apparent on either side of the BALAD. No connecting! bers or strands are visible within the BALAD as opposed to the concurrent
HFL schisis and edema.
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exudateÓto a pure descriptive disease manifestation as
Òbacillary layer detachment.ÓIn contrast to previous
appellations such asÒsubretinal septa,Ó Òsubretinal
membraneÓ or Òsubretinal compartment,Ó the term
BALAD emphasizes on the importance of outer retinal
morphologic changes on OCT. It provides new
insights into the retinal layers that are affected and
implies distinctive pathophysiological pathways in dis-
ease processes. It also highlights that when normal
outer retinal structure is restored, this process may
include the regeneration of IS myoid and IS ellipsoid.
The termÒbacillary layerÓallows for future speci! ca-
tion concerning the exact level of photoreceptor IS
splitting as OCT technology continues to evolve.
Moreover, the termÒdetachmentÓhas been preferred
over ÒschisisÓbecause it coincides with the original
observation from Jacob.S135Furthermore, no connect-
ing ! bers or strands are found in BALAD as opposed
to retinoschisis on OCT.S190Illustrations of concurrent
BALAD with Henle ! ber layer schisis and edema are
found in Figure 7 (seeFigures S5with corresponding
legend in theSupplemental Digital Content 3which
shows additional examples of BALAD with adjacent
Henle! ber layer schisis).

Acute VKH disease and acute CSC are two
common disorders affecting the choroid and the
RPE. These two conditions share similar multimodal
imaging features, including serous retinal detachments
and increased choroidal thickness on OCT, dye
leakage on" uorescein angiography, and early hypo-
" uorescence of the choriocapillaris on indocyanine
green angiography.S191 However, their pathogenic
mechanisms are distinct; although acute VKH disease
is characterized by nonnecrotizing granulomatous
in" ammation of the uveal tract, acute CSC is likely
related to choroidal venous insuf! ciency with choroi-
dal vascular hyperpermeability.22,S192 Based on our
literature review and given the paucity of BALAD
reported in acute CSC, we proposed that the occur-
rence of BALAD on OCT may help distinguishing
acute VKH disease from acute CSC, especially in
cases of atypical, bilateral CSC with bullous exudative
retinal detachments.S193

Our review also expanded the intraoperative OCT
! ndings in patients undergoing subretinal gene therapy
surgery. We provided an in-depth OCT analysis of
surgically induced BALAD published in the literature
and supported our observation by well-illustrated
personal cases. Recognition of this distinctive intra-
operative OCT feature may help surgeons to monitor
subretinal injection and improve gene therapy delivery
protocols. The mechanism of surgically induced
BALAD is likely comparable to aforementioned
pathophysiologic processes. The injection of subreti-

nal " uid through a retinotomy is similar to exudative
" uid originating from the choroid. Additional mech-
anisms may be suggested, including the degree of
outer retinal atrophy in the area of injection that
modulates normal retinal adhesion and shallow pene-
tration of the needle tip that can result in intraretinal
hydration.

The aim of this review was to propose a nomencla-
ture that is internally consistent and based on anatom-
ical ground truth. The need for a logical approach to
the OCT terminology is required to standardize future
researches. In the case of BALAD, new terminology
connected this clinical feature to a large literature of
mechanistic studies. AU2

Key words: age-related macular degeneration, anat-
omy, bacillary layer detachment, histology, macula,
multimodal imaging, optical coherence tomography,
photoreceptor, retina, retinal detachment, review, sub-
retinal septa, VogtÐKoyanagiÐHarada disease.
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