EREIEEN\

"UM! M-1YD qautY$)- ~T M[E x

2a2XVC 'pv2AB2 (FF@M2IMa2 %2MA2M2X
'"HSDUWPHQW RIOHGLFDO *HQHWLFV 1L]DP V-QVWLWXWHRIOHGLFDCI6FLHQF
'HSDUWPHQW RI 3DWKRORJ\ 1L]DP V-QVWLWXWHRIOHGLFDO 6FLHEFHV +\

&RUUHVSRQGHRDFHMMRD 5DQJCPOREMKDMQ\DUDQJIJDQDWK#JPDLO FRP

7W XV 28X Rl FOLQLFDO IHDWXUHV DQG PXVFOH E

+RZHYHU ZLWK DGYDQFHV LQ JHQHWLF
&RQIJHQLWDO P\RSDWKLHV &0 DUHERH®LGHEMOAHBQAEKDW WKHVH P\RSDW
JHQHWLFDOO\ KHWHURJHQHRXV JURMBGRALWKVRINEHUY JHQHV DQG QRZ W
DeHFWLQJ WKH VNHOHWDO PXVFOHWR WWHRWRQLORKIV RI &0V LV VORZO\ !
SRUHSH[LD DQG PXVFOH ZHDNQHV\H DIKHBGRARBRY GRZQ DSSURDFK WR JH
FOLQLFDO SUHVHQWDWLRQV EXW W®EH VIHRUHWL W\ FDQ7EH —QWHUQDWLRQ
YHU\ YDULDEOH UDQJLQJ IURP WKHRNH¥Y¥BUH IRRIFPPZWWHH IRU &RQJHQLWDC
GHDWK LQ HDUO\ LQIDQF\ WR WKH RbO GRKW ORWOMH ELAMHWWDLQ NH\ IHDWXUH\
VXUYLYDO XQWLO DGXOWKRRG ORWRQINSQ VKDY B WRSDBWROHY DQG WKH VS
KLVWRSDWKRORJLFDO IHDWXUHV ZKRF I KHOBHIQQM KROBRRWEW XEW\SHYV 1RU
LIDWLRQ EXWPROHFXODU JHQHWLFVWHWMNWILEDWHRSYd GMRWIGDUG RI &DUH

GH4QLWLYH HWLRORJLFDO GLDJQRV&NQ $RQRAHDIO b HZSROIWVWWKKLHH v
FODVVL4FDWLRQ FOLQLFDO SUHVHQWDWLRQV KLVWRSDWKR

ORJLFDO IHDWXUHV DQG PDQDJHP RQJ
P\RSDWKLHV LV SUHVHQWHG KHUH RIXB O AW EBKOAa

MXVO:YSXCOM BWXGLHV RQ FHOO OLQHV SDWLHQW W

PRGHOV KDYHKHOSHG WR XQGHUVWDQG
&RQJHQLWDO P\RSDWKLHV &0 DUH KORINURIGIQHERWYJI &0V 7KH PDLQ PF
ZLWK UHVSHFW WR WKHLU FOLQLFDQ GHE WHQMW® WREH DDWRRLDWHG ZLWE
ORJLF IHDWXUHV DQG PROHFXODU JG BHW WA EMVHEL\ROWLRQ FRQWUDFWLR
KDYH EHHQ WUDGLWLRQDOO\ FODVIVQ AMIGL @ QV KM EOBPWQW DVVHPEO\ DQ

W # ¢O0DVVLAFDWLRQ RI FRQJHQLWDO PA\RSDWKLHV EDVHG RQ PXVF

~N

([ BWUXFWXUHG :LWK SURWHLQ® L 1HPDOLQH P\RSDWK\
DEQRUPDOLWDH¥RBXODWLRQ LL &DS GLVHDVH
PXVFOH ELRSV\ LLL O\RVLQ VWRUDJH K\DOLOH ERG\ P\R
LY 5SHGXFLQJ JHEUD ERG\P\RSDWK\

Y — QWUDQXFOHDU URG P\RSDWK\

YL $FWLQ P\RSDWK\

'LWK FRUHV L &aHQWUDO FRUH GLVHDVH
LL OXOWLPLQLFRUH GLVHDVH
LLL &RUH URG P\RSDWK\

'LWK FHQWUDO @QXF\RWMILXEXODU P\RSDWK\
LL SHQWURQXFOHDU P\RSDWK\
1RQ VWUXFWXUH®K 4EHU VLIH L &RQJHQLWDO 4EHU W\SH GLVSURSRUW

DEQRUPDOLWILYBDWROWLRQ
. PXVFOH ELRSV\

*HQHWLF &OLQLFV _-XO\ B6HSWHPE!
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Ql@&ﬁb’ bQ\PF&Jﬁ_DWHG ZLWK FRQJF

+RZHYHU WKH SUHFLVH SDWF¥

EDVLVIRUPDQ\RIWKH &0V UHPDLQV

IHPDOLQH P\RSDWK\

K2WWCc82XCOM

&RQIJHQLWDO P\RSDWKLHYV DUH WUI

EDVHG RQ WKH SUHGRPLQDQW SD
REVHUYHG XQGHU OLJKW DQG HOH

DV OLVWHG LQ 7DEOH IRUWK HYV
WLRQDO 6WDQGDUG RI &DUH &RPPL

O\RSDWKLHYV

OK;8YK2V ;M;XC8 2WCW

*HQH 3DWWHUQ RI
~QKHULWDQFH
) G LW LIREDD®L@) FODVVLAHG $5
|F§<V}£ %%EéLFU“R”V“Isz:HS DD PXYFQH
NWHﬁQ@@‘U@#@B\B&VLQﬂ $
730 %HWD WURSRP\RVLQ $'
7117 TURSRQLQ $5

/+/
WKETHY ZEWK

.HOFK OLNH IDPLO\

$5

7KH JHQHWLFV Rl FRQJHQLWDO P\RS
VSHFW WR WKH KLVWRSDWKRORJLH

o bk s O FIK qILF\J\H_l%'(PI-FI

LO\

$5

2QH KLVWRSDWKRORJLF W\SH RI &
E\ PXWDWLRQ V LQ DQ\ RQH RI PX
JHQHV JHQHWLF KHWHURJHQHLW\ I

PO E HHIOO-KVEHS HD W
OWT® DB GERIPDHQW RQ
S E IPWWDGNLRQV LQ WK

DQG
WDLGLQJ
H

VDPH JHQH FDQ OHDG WR GL*HUHQ
ORUHRYHU WKHUH FDQ EH VLJQL4
DQG LQWHUIDPLOLDO YDULDELOLW
WKH VDPH JHQH PXWDWLRQ 1RUWK
DO ~QWHUQDWLRQDO 6WDQGDUG
IRU &RQJHQLWDO 0\RSDWKLHV

SKHQRW\SH FRUUHODWLRQV RI FRQJ
DUH KLQGHUHG E\ WKH FOLQLFDO
SKHQRW\SH EXW FHUWDLQ VSHFLA4F

EW WA I N T = W L N

$5

VVUUIUI"LULU
QbRW\ HYHO |

L% §RY

RU

$5

&HQWUDO FRUHDQG OXOWL PLQ

LFRUH

8L & BIHLRET DU IIHiH

SWRY $5

QRWIYSH DGQ

h7olL7WWdaQD\RSDWKLHV

$ 1

&HQWURQXFOHDU P\RSDVY

vV KA\

4R HBW X EXSBLRY

o

WR WKH LQYROYHPHQW RI D SDUWL
OLVWV WKH YDULRXVJHQHV NQRZQ V
&0V DQG WKHLU SDWWHUQV RILQKHU

KCMC82K 2MC@;WX2XCC(

&RPPRQ FOLQLFDO SUHVHQWDWLR
K\SRWRQLD K\SRUHS5H[LD DQG PX
ZKLFK FDQ RYHUODS ZLWK RWKHU Q
RUGHUV LQFOXGLQJ FRQJHQLWDO P
VSLQDO PXVFXODU DWURSK\ FRQJ

HI1H O H
NO DU 1T\ ro—ouTi

vVRLEH D\\Q\PRPFLLQJWHG ZLW

K

$ '

J WD GRH GILQI LQWHJIUYDW RS

&RLOHG FRLO G

) FRGw

RPDL&

DLQLQJ SURWHLIQ

QUIRI6IM LW HGXHXW FO
VEOHIHUPQWHM®O\H[S
HSXWRWHN VG XODU GLV

H

UHV BB G

nyXﬂRHLQg\NVY\L%%%KJL[B'c
HRG W}P@P%‘\H |"‘H%<'1;Q/\HE L

¥G VWHULC
QLQJINLQD

) H
VH

VIQGURPHV FRQJHQLWDO P\RWRQLF
PHWDEROLFP\RSDWKLHV &HUWDLQ
WLF LPSRUWDQFH LQFOXGH IDFLDO
ZLWK SWRVLV RSKWKDOPRSOHJLD

WRU\ ZHDNQHVV DQG RUWKRSHGLF
SHFWXV FDULQDWXP DQG N\SKRVFR
PD\ UDQJH IURP SURIRXQG ZHDNQH

SVVVWUR

| BB XPRRELADY B R

SWRU$S

&RQJIJHQLWDO 4EHU W\SH GLV

SURSRI

THC S B S KB WURSER,

VLQS' $5

Il H
I_I'\I'DULI_IJVVLF‘ O LN

5 6 /YL GHQHRRGURWA

LQ $' $5

$4&THQEBRD WNHNOHWD

ZLWK GHDWK LQ HDUO\ LQIDQF\ WR
VXUYLYDO WR DGXOWKRRG

SUR[LPDO PXVFOH ZHDNQHVV 6RPH

1RUWK
WKH FRQJHQLWDO P\RSDWKLHV KD¥H $KQRNVREPOIOIHEFRWLYH $'

°PDEH ZHDNQHVV DQG

O P)&V%QH

J

ORVW RI

KDY & LQUWNRIBL QH QW

D[LDO RUUHVSLUDWRU\PXVFOH ZHDNQHVYVY RU ZHDNQHVV

*HQHWLF &OLQLFV _ -XO0\
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RI DQNOH GRUVL5H[LRQ &DUGLDF LQYRQYEBBHQMW LV XQ O 2 8B
XVXDO LQ FRQJHQLWDO P\RSDWKLHV H[FHSW LQ SDWLHQWV

ZLWK YDULDQWYV LQ JHQHV7 HIDFRRGEG LIQV\ W MR QWLF FOLQLFDO DSSURDFK KHO

P\RVLQ KHDY\ FR

B+tQ 7TDEOH

OLVWVDWR/HW VPHQWDQG PDQDJHPHQW RI WKH

/[ rico

C

~

RIWKH FOLQLFDO IHDWXUHV ZKLFK DRAFYYBMMH EQWHUHIIUWWHDN QW LRQ RI WKH U
W\SHV RI FRQJHQLWDO P\RSDWKLHV HhQHEWRLEFQVKN®Y L Q
QDUURZLQJGRZQ WKH SRVVLEOH JHQHWLF GLDJQRVHYV

&OLQLFDO FOXHV WR WKHHWLRORJLFDO GLDJQRVLV RI FRQJ

7117

7117

&OLQLFDO IHL 7\SHRIFRQJHQLWDO P *HQHV LQYROYHG |
1IHRQDWDO RQVHW " 1HPDOLQH P\RSDWK\ 1(% $&7$ 730 730
+1 102"
" &RUH P\RSDWK\ ' 5<5
" @ HQWURQXFOHDU P\RSDWRYO
0LOG FRXUVH ZLUWK” &HQWUDO FRUH P\RSDWK\ 6(31
VXUYLYDO LQWR D GX&HNKRRBQXFOHDU P\RSDWRYO '10
ODFURFHSKDO\ " & HQWURQXFOHDU P\RSDWRYO
. OLQNHG P\RWXEXODU P\RSDWK\
VHYHUH QHRQDWDO IRUP
)DFLDO LQYROYHPHQWPDOLQH P\RSDWK\ " 1(% $&7$ 730 730
d+1 102" I+
' 8 HQWURQXFOHDU P\RSDWRYO '10 5<5
3WRVLV " & HQWUDO FRUH P\RSDWK\ 5<5 6(31
" OXOWL PLQL FRUH P\RSDWKY{31 5<5
" @§HQWURQXFOHDU P\RSDWRYO '10 5<5
2SKWKDOPRSOHJLD &HQWURQXFOHDU P\RSDWRYO '10 5<5
" & HQWUDO FRUH P\RSDWK\ 5<5
" OXOWL PLQL FRUH P\R|SDW (31 5<5
1IHFN PXVFOH ZHDNQHMNRDOLQH P\RSDWK\ " $&7%
6HYHUH UHVSLUDWRUMPDOLQH P\RSDWK\ ©730 7117 I+ /02
LQYROYHPHQW DW ERRWK P\RSD WK\ ' 5<5
" 8 HQWURQXFOHDU P\RSDWRYO
&DUGLRP\RSDWK\ " 1HPDOLQH P\RSDWK\ " 730 $&7%
' & RUH P\RSDWKLHV &HQWUWEO FRUH
DQG OXOWL PLQLFRUH
3UHGRPLQDQW D[LD@&RUH P\RSDWK\ ' 5<5
K\SRWRQLD
-RLQW FRQWUDFWXUHYPDOLQH P\RSDWK\ " 730 7117 .1+
" & HQWUDO FRUH P\RSDWK\ 5<5
" 8 HQWURQXFOHDU P\RSDWRYO 5<5
ASKRVFROLRVLV " 1HPDOLQH P\RSDWK\ T 1(%
" & RUH P\RSDWK\ ' 5<5 6(31
JRRW GURS SHV|FDYX\HPDOLQH P\RSDWK\ " 1(% 730 730
OXOWL PLQL FRUH P\R|SDW KX +
" @ HQWURQXFOHDU P\RSDW K\O
0DOLJQDQW " &HQWUDO FRUH P\RSDWK\ 5<5
K\SHUWKHUPLD " OXOWL PLQLFRUH P\RSDWK3<5
L " & HQWURQXFOHDU P\RSDWEX5

*HQHWLF &OLQLFV

_ -XO\ B6HSWHPE!
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" +LVWRUV &OLQLFDO HLVWRUDN'\RL G- HUHQWLDO GLDJQRVHYV

FUHDVHG IHWDO PRYHPHQWYV HDUO\QIT:!)RQQMV |ngé%|§56 PXVEXODU DWU

WR UHVSLUDWRU\ LQVX]FLHQF\ 5RS QH LWDO PXVEXODU
WR WKULYH GXH WR IHHGLQJ GL]JFXOM,\ G1\§ }:’\RWRQLF G\WWURSK

PRWRU GHYHORSPHQWDO GHOD\ Gk D\R IGQJ‘]RPHV 206 PHWDE
DQG D ZDGGOLQJ JDLW DQG GL]FXFQSVB gb |_00|_ VIQGURPH D
VWDLUV DQG JHWWLQJ XS IURP D VLW 1]—|8L WP VB R SDWK\ FD O KD Y
SRVLWLRQ ZLWK RU ZLWKRXW KLVWRY %\Pé_l_%: DU, DEOH OLVW
LQ RWKHU IDPLO\ PHPEHUV VXJJHVYY, W WERLQ;LL UHOQWLDWH WKHVH
RI D FRQJHQLWDO P\RSDWK\ &OLFQQI.(%]E?_R%/L PWKLHYV

WLRQ 4QGLQJV LQFOXGH P\RSDWKLF ID K SRW

GLPLQLVKHG GHHS WHQGRQ UH5H[HVE UN@WWEIQIQOEQRRG DQBELDLDGREW
PXVFOH SRZHU PRUH VLIJQL4FDQWOPXY KPR BGYWNHBEKLHV 60$ WISHV DQ!
SUR[LPDO OLPE PXVFOHV DQG MRL&GW®HHREGK' KEHHHELWDUN PRWRU VHQVR
VLIQLAFDQW RYHUODS EHWZHHQ WKH &0l QR RESODHDW Yy RAXVHV LQFOXGL
&0V ZLWK RWKHU JHQHWLF QHXURPX VXD PQ 6 ILVFEPRHDPWRUN PA\RSDWKLHV F
&OLQLFDO IHDWXUHV RI WRQJXH |IDNKEHFAOBHR RUPND RIDCARQIHQLWDO P\F
G\WPRUSKLVP RWKHU WKDQ P\RSDWKRK¥HDPHIWNLYDPOLEQWLO DGXOWKRRG 7
SURJUHVVLRQ DQG H[WUHPH MRLQWDMUWY WEKPWKHOS WR GL-HUHQWLDYV

SRLQWHUV IRUDQ DOWHUQDWLYH GUYRFFARQIHQLWDO P\RSDWKLHYV

" 'LeHUHQWLDO GZKHQFRROORZLQJ FRQDERUDWRU\ HYTKKHMDIRO®®RZLQJ ODE
GLWLRQV FDQ KDYH VLJQL4FDQW SKBWRUN\SHYDEXBWQRS LV GRQH LQ SDW
ZLWK &0V DQG VKRXOG EH FRQVLGHALMX D\& 6 B ¥ ¥ IQRMWH S H

'LeHUHQWLDO GLDJQRVHV IRU FRQJHQLWDO P\RSDWKLHV SUHVHQWLC
LQIDQF\

'LVRUGHU 'L -HUHQWLDWLQJ IHDWXUHYV

6SLQDO PXVFXODU DWURSTXUWASRI IDFLDO PXVFOHV WRQJXHIDVFLEXODWLI
VHUXP &3. GHQHUYDWLRQ SDWWHUQLQ (10*

&RQIJHQLWDO PXVFXOPDUSDWVMQUIREBIKDFLDO PXVFOHV FDOIPXVFOH KNSHUWU |
G\WWURJO\FDQRSDWKLHVY GLVWDO MRLQW|OD[LW\
UDLVHG VHUXP &3. G\WVWURSKLF FKDQJHV LQ PXVFOF}
PLIJUDWLRQ GHIHFWV G\WWURJO\FDQRSDWKLHV DQ
K\SHULQWHQVLW\ PHURVLQ GH4FLHQF\ LQ 05-EUDL

&RQIJHQLWDO P\RWRQLP\RWRQRHBFKY WKHPRWKHU HYLGHQFHRIP\RWRQLD I

&RQIJHQLWDO P\DVWKHAWRVLVDQG RSKWKDOPRSOHJLD VLQJOH 4EHU (0* 5
VIQGURPH VSHFL4F SDWWHUQ RI P\DVWKHQLD ZLWK DEVHQFH R
UHFHSWRUDQWLERGLHYV

OHWDEROLF P\RSDWKLRMHQWUDO QHUYRXV VIVWHP LQYROYHPHQW [UDLVHG
UDJJHG UHG 4EHUV RQ PXVFOHELRSV\ PLWRFKRQGL
(OHYDWHG DPPRQLD PHWDEROLFDFLGRVLV| DEQRU
DFLG DQG XULQH RUJDQLF DFLG VFUHHQ LQERUQ HU
PROHFXOHPHWDEROLVP
+HSDWRPHJDO\ZLWK K\SHUWURSKLF FDUGLRP\RSDW

3UDGHU :LOOL VIQGURPBHHGLQJ GL]FXOW\ZLWK IDLOXUH WR WKULYH PDUNH
QRUPDO (10*

&RQJHQLWDO K\SRP\HOL@DMINIQIIRI QHUYH FRQGXFWLRQ YHORFLW\ L|Q 1&6 DC
| QHXURSDWK\ SDWWHUQ LQ (10*

J

6HUXP &3. VHUXP FUHDWLQH SKRVSKRNLQDVH (0* (OHFWURP\RJUDSK\ (10* (OHFW!
516 5HSHWLWLYH QHUYH VWLPXODWLRQ VWXG\ 1&6 1HUYHFRQGXFWLRQVWXG\ &6)

*HQHWLF &OLQLFV _ -XO\ B6HSWHPEY
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'L+HUHQWLDO GLDJQRVHV IRUPLOGHU IRUPV RI FRQJHQLWD

'LVRUGHU 'L -HUHQWLDWLQJIHDWXUHV

/ILPE JLUGOH PXVFXODU DNMDURBXVHYH VSDULQJ FDOIPXVFOH K\SHUWURS
LQYROYHPHQW SURJUHVVLYH V\PSWRPVY HOHYDWt}

6SLQDO PXVFXODU DWURBSKLWOSAHW FOH VSDULQJ QRUPDO WR VOLJKWO\ UD

DQG GHQHUYDWLRQ SDWWHUQ LQ (10*

O\RWRQLF G\WVWURSK\ *ULS P\ARWRQLD DQG SHUFXVVLRQ P\RWRQLD HYLGFH
(0~

+HUHGLWDU\ PRWRU DQGDH@WRRXVFOH VSDULQJ SUHGRPLQDQW GLVWDO P

QHXURSDWK\ VXIJIHVWLYHRIGHP\HOLQDWLQJRUD[RQDQO QHXUR.

$FTXLUHG -Q5DPPDWRWXVFOH SDLQ RWKHU VAIVWHPLF IHDWXUHV RI DXWR
'LVRUGHUV $XWRLPPXQHE@HONRAICHWDWUWKULWLY DQG UDVKHYVY SUHVHQFH RI
PDUNHUV UHVSRQVH WRLPPXQRVXSSUHVVLYH WK

.

6HUXP &3. VHUXP FUHDWLQH SKRVSKRNLQDVH (0* (OHFWURP\RJUDSK\ (10* (OHFW
1&86 1HUYH FRQGXFWLRQ VWXG\

D 6HUXP &3. LV XVXDOO\ ZLWKLQ QRXPRE LOAVPR WRHPWENO VWXGLHV DUH QH
RQO\PLOGO\HOHYDWHG LQ &0V PLFURVFRS\ KHOSV LQ KLVWRSDWKROR
E (OHFWURP\RJUDSK\ (0* VKRZVR'PY%§BVV\/$<H¥ RI'FRQJHQLWDO P\RSDWKL

FKDQJHV RUPD\EH QRUPDO z KWKHDYDLODELOLW\ RI QH[W JHQHL
UHFHOW \HDUV DQG WKH FRQVHTX

F 1HUYH FRQGXFWLRQ VWXG\ 1&6 #NdNM@@@U%BHE@@VLVDQG DFFXUDWH |
EXW ORZ DPSOLWXGH PRWRU UH M FIPPLBdV SUHIHU WR GHIHU PXV
VHHQ LI WKHUH LV PDUNHG ORVV RPN RAH EXPHVLYH QDWXUH  %XW PXV

KHOS WR FRUURERUDWH WKH GLDJQRVL

PROHFXODU JHQHWLF WHVWLQJ LGHQWL

RU YDULDQWV RI XQNQRZQ VLIJQL4FDQFH

LQ FKDUDFWHUL]DWLRQ ZKHQ JHQHWLF

QRW\LHOG WKH GLDJQRVLV
7KH W\SLFDO KLVWRSDWKRORJ\ 4QGLC

W\SHV Rl1 &0V DUH DV IROORZV
D 1HPDOLQH P\RSHDBIKRSV\ VKRZV FKD!

DFWHULVWLF QHPDOLQH URGV QHPD L

RQPRGL4HG *RPRUL VWULFKURPHVWDL!
7KHVH DSSHDU DV UHG FRORUHG URG\

WKH FHQWUH RU SHULSKHU\ RI WKH 4EHL

LQ DOO 4EHU W\SHV $W ODWHU VWDJH

ELRSV\ FDQ UHYHDO FKDQJHV Rl FKURQ!

: LQ4OWUDWLRQ 4EURVLV DQG 4EHU VSOL

PLFURVFRS\ (0 URGV KDYH D ODWWLI

$ QHRQDWH ZLWK WKH VHYHWH RRIHIH URMPEOH = OLQH DQG FDQ VKRZ
RQVHW IRUP RI QHPDOLQH P\RAOHWKD Z W K

UHVSLUDWRU\ LQVX]FLHQF\ VL QFH RIYHWEK\ R QBAIKFRUH P\RSDWKLHV I

PXOWLSOHFRQJHQLWDO MRLOMHIBEWHBEWPHY SUHVHQFH RI FHQW

VWDLQLQJ ZLWK WKH R[LGDWLYH VWDLQ)

" OXVFOH ELRRWW FRQJHQLWDO P\RS@IWKLHV+ QLFRWLQDPLGH DGHQLQH

FDQ EH GLDJQRVHG XVLQJ PXVFOH ELU$RSVDOROBRZRBKURPH R[LGDVH &2;

E\ OLJKW PLFURVFRS\ DQG HOHFW$RQ KH\FH) RUFRBUHDY RI DEVHQW R[LGD

XQOLNH FDVHV RI PXVFXODU G\VWURSRLEVVRDKPX\HFOM ELRSV\ WKDW UH5HF

*HQHWLF &OLQLFV _ -XO\ B6HSWHPE!
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PDQ\4EHUV VKRZLQJFHQWUDOL]HG QXF
P\RWXEHV WKHVH DUH VHHQ RQ ORQJLV
DVDURZRIQXFOHL 7KHFHQWUDO QXFO
$73DVH UHDFWLRQ DQG LQFUHDVHG SHU
3$6 DQG R[LGDWLYH HQJ\PH VWDLQLQJ
E\D FOHDU KDOR 5RPHUR %LWRXQ
PLFURVFRS\ VKRZV FHQWUDO QXFOHL Z
RIPLWRFKRQGULD

G &RQJHQLWDO 4EUH W\SIHWALHGWR KR |
&)7'DVVRFLDWHG ZLWK NQRZQ JHQHWLF
VKRZ W\SH 4EHUV WKDW DUH JHQHUDOC
WR RYHU VPDOOHU WKDQ W\SH 4EHUYV
%

~W LV LPSRUWDQW WR HPSKDVL]H W
WKHVH VWUXFWXUHG DQG QRQ VWUXFW X

OXVFOH ELRSV\ ZLWK PRGL4®GVFRHEWG RQ ELRSV\ FDQ EH VHHQ LQ°

WULFKURPH 0*7 VWDLQLQJ GLVRWEHY LQFOXGLQJI PXVFOH GHIHQ
LQJ SUHVHQFH RI UHG FRORBH(‘@’ 'ﬁﬁ‘b%'ﬁﬂ KPQJHV PXVFXODUGI\VWUF
URGV LQ WKH SHULSKHU\ DV bVH\V XFHG FKDQJHV 7KHUHIRUI
WKH FHQWUH RI WKH 4EHUV FKDQJHV DUH LQWHUSUHW
P\RSD WK\ HF LQLFDO H[DPLQDWLRQ DQ
IRU QLWH GLDJQRVLV RIFRQJHQLW
RI PLWRFKRQGULD 7KHVH FRUHV UX &
ORQJLWXGLQDO D[LV Rl WKH PXVFOEFRESI-%( % @HVWFLSQUHKVH%QSD\?VFRHGLI
FHQWUDO SHULSKHUDO PRUH WKD 'RUPY RI FROIHOLW

RI YDULDEOH VL]H 'XERZLW] HW DO
WURQ PLFURVFRS\ WKHVH FRUHV P WHUQOF;'VVLHQOE(EZ%VH
ZLWKRXW DQ\ GLVUXSWLRQ RI WKH #E,EVFOHELRSV\KE
VWUXFWXUH RU XQVWUXFWXUHG z 00 2L WK PXVEC
FRPHULF VWUXFWXUH ZLWK DEVHQ VWLQJ Co WKH SUN
LQ WKH FRUHV 8QOLNH FHQWUD
DUH LGHQWL4HG DV PXOWLSOH IREDO D)FRJ(BIIB)IVXG)HEDURUBQ?—IW(ILH?OWHX/(WD_@JJH
R[LGDWLYH HQJ\PH DFWLYLW\ ZKLF KQ B %% DWNVRAQ@JIDIW QRZ WKH SUHIHUUI
XQHYHQ VWDLQ RQ WUDQVYHUVH VHIFWDQROPDWXBB\RIMW&EH FOLQLFDO GLDJQF
F @HQWURQXFOHDIUKP\REDWBEEWHRARBWMK\ DOG IRU H[DFW FKDUDFWHUL
IHDWXUH LV WKH SUHVHQFH RI LQW HUGEDD\S]H G DQG ENQEWUIG XVHG DV WK
QXFOHL )LJXUHV $ % 7KH ELRSFWRQOUPOWRNNGVHVW LQ SODFH RI PXVF
P\RWXEXODU P\RSDWK\ UHYHDOV 4 EHIOD WHIRWKHYLVEISDUW IURP DFEXUDWH

J

OXVFOH ELRSV\ VKRZLQJ IHDWXUHV RI &RUH P\RSDWK\ $ &HQWUDO
VWDLQLQJ RQ 1$'+ UHSUHVHQWLQJ FHQWUDO FRUHV . % & OX
R[LGDWLYH HQ]\PHDFWLYLW\RQ 1$'+ UHSUHVHQWLQJ PLQLFRUHYV

*HQHWLF &OLQLFV _ -XO\ B6HSWHPEY



V/[/ _FiFo

. J

OXVFOH ELRSV\ ZLWK KHPDWR[\OLQ DQG HRVLQ + ( VWDLQLQJ VKRZ
P\RSDWK\ $ 7UDQVYHUVH VHFWLRQ RI PXVFOH ELRSV\ VKRZLQJ FH
QXFOHL DUH VHHQ DUUDQJHG LQ URZV

. J

OXVFOH ELRSV\ VKRZLQJ IHDWXUHV RI &RQJHQLWDO 4EUH W\SH GLVS
RIPXVFOH ELRSV\VKRZLQJDWURSKLF 4EHUV + ( : % $WURSKLF W\
VWDLQLQJ ;

WKH SUREDQG LGHQWLA4FDWLRQ RI WKH W DFW\IPHQHWLF
HWLRORJ\ KHOSV LQ DFFXUDWH DVVHVVPHQW RI WKH
ULVN Rl UHFXUUHQFH LQ RWKHU IDPKIOUH BB EHRQRRGHARLWH FXUDWLYH WKHU
SUHV\PSWRPDWLF VFUHHQLQJ DQG $DHVHAW WRHVMQ\RI WKH FRQJHQLWDO P!
RWKHU DW ULVN IDPLO\ PHPEHUV MG LVG LSOHQDWD®DQDJIJHPHQW LQYRO
JHQHWLF WHVWLQJWR SUHYHQW UHRXOBRQRKRI\WKMHVIWEBROHQWHURORJI\ &O
$YDLODELOLW\RIQH[W JHQHUDWLROYWKRXHGIFTYH PR SK\WWVLRWKHUDS\ LV
KDV VLIQLAFDQWO\ UHGXFHG WKH RRWIPFFT WP RIIRUIFWHG LQGLYLGXDO
PROHFXODU JHQHWLF WHVWLQJ IRUR®V -1QeWgV PFOYMR VHYHUH FDVHV DV |
YDVWO\ LPSURYHG WKH PXWDWLRQ @RUHEMIUTY VIbXH IRRE VXSSRUWLYH FI
KHOSHG LQ LGHQWL4FDWLRQ RI PDQV IORY RS WROKHLRWMDPLQ PRELOLWN\DQG U
JHQH YDULDQWY UHODWHG WR &0V WARRRVPYRYV HIREPJIJUHVVLYH WUHDWP
1*6 EDVHG FRQJHQLWDO P\RSDWKRBE@PVRY DNHIEHOS DFKLHYH D VDWLVI
PXOWLJHQH VHTXHQFLQJ SDQHO RW PErFxWW®W HYyFPHH HISHFWDQF\ 0DQDJK
VHTXHQFLQJ SDQHO FDQ EH XVHG B¥SERHWMLXWDWREM)PSWRPDWLF FDUH LC
WHVW DQG LI QR VLJQL4FDQW YDULDQWYV DUH IRXQG
'KROH H[RPH VHTXHQFLQJ DQG RU :KRO HJ]%%(@#’HSK\VLRWKHUDS\ IRU PDLQ
VHTXHQFLQJFDQ EH GRQH IXUWKHU 518X\ SREHY DQRG IXQFWLRQ DQG |
51$ VHT LV OLNHO\ WR UHVXOW LQ LPsb®¥RRBUALSHIGRARFYP WRUN FDSDFLW)
\LHOG IRU FRQJHQLWDO P\RSDWKLHV I DXYMRONHCGW BYHHWHGLQJ GL]FXOW\ W
5DYHQVFURIW HW DO WKH QHHG IRU JDVWURVWRP\ LQVHU'

*HQHWLF &OLQLFV _ -XO\ B6HSWHPE!



RQVHW VHYHUH IRUPV OMSBKYWCOM

UHJXODU PRQLWRULQJ RI UHVSEUBWRYNWIPSBER¥8wWKLHY DUH DQ LPSR

DQG VLIQV RI QRFWXUQDO K\SRYHQMEPPWLRERPX®FX0oDU GLVRUGHUV
K\SR[LD HYHU\ PRQWKO\ GLDJQRVLV KDV LPSRUWDQW LPSOLFDW

"FRQVHUYDWLYH WUHDWPHQW RI PRQWIDFMIW HV BULWMKRH LQJ ITRU SRWH(

LQLWLDO VWDJHV WR DYRLG VXUF®PWLRQV DYRLGDQFH RI DQHVWKHWLF
IRU JHQHWLF FRXQVHOLQJ DQG VFUHH

“FDUH RI VFROLRVLV E\ EUDFLQJI DRV ®PEWUNM DQG IRU SUHQDWDO ¢
UHTXLUHG VXEVHTXHQW SUHJQDQFLHV LQ WKH IDP

"DYRLGDQFH RI DQHVWKHWLF GYRIWRRFIDWHG
ZLWK PDOLJQDQW K\SHUWKHUPLD, HVSHF O\,IRU
LQGLYLGXDBONIHQWKP XWDWLRQ %%WL’\R%

'H:LQWHU -0 HW DO 6DUFRPHUH "\VI)
"M:XC8 OYMW:KCMA 1IHPDOLQH O\RSDWK\ - 1HXURPXVFXO

JROORZLQJ DFFXUDWH GLDJQRVLV RI VRO DB FWHEWLOO 2[LGDWLYH VWU
GLYLGXDO DSSURSULDWH JHQHWLF FREKOWIKXOLDQWDR[LEEGDQW WUHDWPHQW
SURYLGHG WR WKH SDWLHQW DQG WEHSIDH@ODWHRRW SDWK\ %UDLQ
WKH QDWXUH Rl WKH GLVRUGHU QDWXUDO FRXUVH DQG
SURJQRVLY DYDLODEOH PDQDJHPHQW REWRWEZRWY DJIVWXKH OXVFOH %LRSV\
VXUYHLOODQFH PRQLWRULQJSODQ %dVHEERRDG K KWKEEIQWMURQ (OVHYLHU
4HG XQGHUO\LQJ JHQHWLF HWLRORJ\ WKARUDFW SDMWWBOQ Q7 KH JHQHWLFV R
RILQKHULWDQFHL H DXWRVRPDO GRPPFRSPWHLHYR WRREE &OLQ 1HXURO
UHFHVVLYHRU; OLQNHGFDQEHFOHDUO\DVFHUWDLQHGDQG
WKHULVNRIUHFXUUHQFHLQ VXEVHTXHQYWSHLHIYBQFLHWLBO &RQJHQLWDO
WKH IDPLO\ FDQ EH GHWHUPLQHG 3UHODWMGHUNVIBRWIY¥LWDWLRQ FRQWUL
FDQ EH R*HUHG IRU DW ULVN SUHJQDDR®GHAXWHKAUHRXKBRWUDFWLRQ 1DW 5HY
WDUJHWHG PXWDWLRQ DQDO\VLYV DIWHU LGHQWLI\LQJ WKH
H[DFW SDWKRJHQLF YDULDQW V LQ WKHRUMKNY GEOUREFOEG DSSURDFK WR Wk
DQG RU FDUULHU SDUHQWYV 9DULDEBRJHBUMYY IPARWPWKLHV 6HPLQ 3H
UDQJLQJ IURP PLOG WR VHYHUH HYHQ DPRQJVW
DeHFWHG PHPEHUV RI WKH VDPH IDPLOY{RRWKHUWBMWQ DO -QWHUQDWLRQDC
DXWRVRPDO GRPLQDQW FRQJHQLWDO RPRSDWRPRVWMWEK IRU &RQJIJHQLWDO
DW<5JHQH DVVRFLDWHG FHQWUDO FROS8SHRMHOVIWRD@WKH GLDJQRVLV RI
PDNH FRXQVHOLQJ HVSHFLDOO\ DERXRMRBIOWEURVYQRWMXWRPXVFXO 'LVRUG
DQG SRVWQDWDO RXWFRPH GL]FXOW

5DYHQVFURIW * HW DO 3DWKRSK\VL
%:8:MX :A2M8:W FHSWV LQ WKH FRQJHQLWDO P\RSDW

WKH ERXQGDULHV VKDUSHQLQJ WKH
&HUWDLQ WKHUDSHXWLF PRGDOLWLHV IRU FRQJHQLWDO P\
RSDWKLHYV DUH EHLQJ LQYHVWLIJDWHGD YHQ@RVULRINW KDWW DO 5HFHQW DGY
EHHQ UHSRUWHG DV D EHQH4FLDO V)XCHIIOV/MPIHGL. QRBERQJHQLWDO P\RSDW
QHPDOLQH P\RSDWK\ PDLQO\ IRU VLDORUUKHD 5\DQ

HW DO 1 DFHW\OF\VWHLQH LV BRIPHUR UILHGYWILWRXQ 0 &HQWURQXF
DQDQWLR[LGDQWSWKHUHDOPWRG FRQIJHRISWWEXLHY 6HPLQ 3HGLDWU 1HXURC
P\RSDWKLHV 'RZOLQJHW DO B\ULGRVWLJPLQH

DQ DFHW\OFKROLQHVWHUDVH LQKLEL®ARQ® ORDNWEBIGI QLBM/ DU\ / W\URVLQH V
SRUWHG LQ VRPH VWXGLHV WR VKRZ VLWOQ WILFOD WQFQHEDPRLQH P\RSDWK\ - &
LPSURYHPHQW LQ FHQWURQXFOHDU P\RSDWK\ $ VLQJOH

LQWUDYHQRXV GRVH RI $$9 K070 IRUDQOL&NHIBW DO &RQVHQVXV VWDW
P\RWXEXODU P\RSDWK\ LV XQGHU 3KDVMW DB QG IFIDG& RLFDOWH IRU FRQJHQLWDO
WULDOV $63-52 WULDO &OLQLFDO7ULBRRNVOIRYHXURO



	Abstract
	Introduction
	Pathophysiology
	Classification
	Molecular Genetic Basis
	Clinical Manifestations
	Clinical Approach
	History/ Clinical examination
	Differential diagnosis
	Laboratory evaluation
	Muscle biopsy
	Muscle imaging
	Molecular genetic testing

	Management
	Genetic Counseling
	Recent Advances

