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HHV-1  herpes simplex virus type 1 HEANAZITIRATE o
HHV-2  herpes simplex virus type 7 BEALANZTA A ZE o
HHV-3  varicella-zoster virus HIEHFRBE AN @
HHV-4  human cytomegalovirus EhREA PAAOTARA B
HHV-5  Epstein-Barr virus LT R i R B
HHY-6  human herpes virus-6 B RAANZTSALLAE A
HHV-7  human herpes virus-7 [ A e Sy O ) g

Kaposi's sarcoma-associated & PRI G AN G (HH

HHV-8 herpesvirus CEBEEE AL AN A W)

HHY © human herpes virus
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B3 Hq bXHOTA4N
AR 09 )

HEERE SO Lk - 2
B AP B

CHEMBEISE 2 %, AIDS O U LIEIRO D Th o 72y, £
VIBI L CiE, HEHE highly active anti-retroviral therapy (HAART) ™

DALY, TOHIEZEA L T D, BRI L LT B

OMAFEMoN - BRI S LTw S (E 3. kA ek
U7z, 1 FEEGS RS2l s ivnd, T4 T

CHEBETH D,

BE NI GTIE PCRICE A o 4 L A
DNA BA5RECH L4, CMV T i 2 L v A0l
E L TR OMoBEG R0 L H D,
ii’ié‘%?i‘wi‘fﬁ CMV Lo 15, iy o CMV HUEUILE (antigenemia)
DA EORLE W R A VAREL R E L L,

BEECHICMVEE (Friruvn, "LHryirzuany ol

L EBIL, RO G, W RAE LS D
*

ALY 4 (immune recovery uveitis™?

 ZOMOANILNZIA IR

FOAO NN LA 4 L Ao TT LR ssécs" SO 4 L 2
ELUTOEE S L0, sz ol b ws, Epstein-Barr
virus (HHV-5) 22 HHV-6 {2 HCMV & & 125 msii s
I LR 75 Z S SR TB Y,
&ﬁﬁﬁﬁ%ﬁhfu&w%ﬂ%%ﬁ?ﬂfm&ﬁ,%wigu%
BRI G L B ) B E 7 A

HHV-8 (2 AIDS a0 AR AP S Eh /7 4I VAT
KR O 77 K VIO KN 7 4 W ATH . ik AIDS %
VRIEARZ W ETELAOT, ZOWRDOANLNAT L L AL

@
Ty M L7 b O THL v b,

OF B o)
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1. FEE . F 1o Xq RCAURITADBEICERS.

2. FEE G VESy v XPREFSE/EXREL BAhiE, 3.

3 EEE JVESYIARYEHKFTICMATRTAS NEREHET 3.
2UTX O T ITHR.

| BN EEY (R

i

BT TS TRIR R B B (DREEE © terminal bulb #5% 1L

MEF, TNF VAL PZE DD LR, > b, K& AT
RAEZR (B1). ZhTd E2EERo 85 (dendritic tail).
AEMEETORESS : K4 >~ Mid Cochet-Bonnet fEH1H GO
H. KFLZ2WHALHEDT, IKFPBRVDTAVRATRWER
VRV,

B2 CERERMOMESE : 2720 [AvR2Ewbh/izZeddhs] #
100% fEH L Tidwvid v, FRERBEOME (A LR - 588 - »»

F£1 BEANMNZEER (EEE) AOHRRBNE EFOFTE
AELEB] (FER1, 2 #HEA*L)

1. VES w228 (7L o0OEL) REH 5 /8
2. 05% 75 €y O ER 3E/B

EBOFMECEBA

WwWoX 3 b id case by case

ToLFITBDIENG : .

3ENCTAHADOSPKHPHTL 39, BELSZOEEH5VIEEAEERS LT
AIEE

SPK ABIET®H O BEWEEE, NS 7O0ELARBRAOTYER

AbEVWEERROVLTAD

a NINRITEEY. » EFZHEPYET. ChHPEERHBL.

b. BE® compliance B, = RIBICE->TVWBZEHH 5. BYNLEFEHRD
7 RN ZNBE.

C. NIVRZAESEDN, RIBARY I EL VDL, S /Sy 7R (K527
OEN) ARICHIVEAT, AR T 2REETY (X704 FAR
PRFAIS T MLIR).

d 7YUOENREANNZS $NhTHES BROSBRULAMI Z0FOFIY
CERVURSY. BRTRIZILLHS.
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LEBEOEE

TR EREREBIH5
DT, ®IBHBH SN HEE
BREBEDFRHICHERE
DHBEFT-EFID L0
HEZEORERELTHE, #iE
BIAOLWERPERED
SREFEETIVERS
FEREBYr B ENERIE
T3,
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1 #mERAERER

215, tE hREkELEER
Bl -THY, "WNZXETH
BN E L vy, B
HHEOHD 2B % (dendritic
taill] S E&ns, NILRAEE LB,

L), NVRATIERTOFEIEEN W2 E93% »,
FIvIr A ROAINRZITAICEZBH g ru~x by 57«
AT Y 15 RIETHETE MR oMBEEZES L TIr) 285, &
ET T AV A LA Uik dE R 100 %, B 60% %o T,
BE 2 AR GRS, 2011 4E & D BB
PCR (LK 2220« KL 25, AL XA T 4 VA (herpes
simplex virus ; HSV) OB G I3 TR T E a2 L dH D).
fli - F OWIZ D HSV 14 shedding™ LTETWD 2 L &Il
k. Realtime PCR Tit % (372 OAHA, SET 208 H 1.
MEFEM : HSV OPiikig, B CTHL S b b7 TH T Y
PRI 7= RS, TgM A% 1gG X Y v 2 & Tarll.
T NERE
L HERAL SRS S IR, 1e5d .
2. TH Y NT A=A ST BEARIE AP L - i,
TR K A W gk

3. PREEVEAMNAT S A - BIECIRINZ RO ER OB AL, RIRIE
i,

4. FEAPGEPEA B @ SECRAN AT PR IZ E4E @ SPK (superficial punc-
tate keratopathy 3 FUIRZERGfE ), A7 Ze 2R,
EE RV R ZoMiz 05,

BHINILNZAEER (RER)

s

H

o

HFRATEE BB RE CHRRAER (K 2) - EFEMAEER O @ J
P &R, EAUCHE S IRIERE M IS 21 eE A5 (keratic precipi-
tate ; KP) & BREACHL. JEARMGIZ PR R HIE v, BUETE TRy
Wl LM A, MENTHEWE FEE R 4 TOMBEEE R
BI L9 20T, FEB IR SOBE L v,

BEHEETORESR : K1 >~ & Cochet-Bonnet £ BRI 5o fli
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HSV Tl 1 L X #HEES
ICBREBEELTSHY, ey
1WA FETREIZTTL 3.
Z 1L % viral shedding &Y
9. BEEORBANI LS
BEEINB.50 A 49 AT,
1B LS 1 BER
PR T HSV-DNA &
ENAEVWSIHRELHD T
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il 3tk

Bl TR, 2 MBS,

1. 0.1% 74 brs® &ER 3[@/3
2. JESy 7RV RE$FE 3@/8
BER TR, 26T 3.

1. 0.1% U>ForL® S8R 3E/8
2. VES v o X* REFH 3E/E

. W5 x# ) KL T BT
i,

B2 TEHEMOREST « B iz
CWIERIIICIE L) iU,
7 100% {3 L TldwiT 2w,

BRI 2 e,

PCRICK B 50 « Dl x FRILL C,
BEos Lad L REE, Btk

EU R A 1A

MiEH A : £ 7%,

noassay + HOLHIKL) T
| T NEHRE

1 WFRAOL < Z f g%

L, EEDY.

?ﬁ/%?ﬁmﬂﬁ&ﬁ~

s, 2y 7 ML

3. MRTE - PURPEMI S« dEhE
BIEEDhTiZd b

[~

72720, AR ZAEnbh/zZ
GEPRICHIIEDOPN G B A OO T,
FruTA A MCAIRIT AL BEH - LM ClL, %ahd

ARE. ki =
=W TIL A

DERREIE S F X T,

R LS5 P oo fLRE 70
L (CL) flil].

T TR, SR,

2. BEERE

B2 FMlRRAER

60 i, Bit. ABMEHEREPLO
R DR & fifE T 5 BIEREEL
HNERD .

BRANVANZAER (RER) ~ORBNT & T OFHE

RBOFFHCET R

WX B Hid case by case
EELTSRHD, WELYPHBIENG
BEEET .

BRERGZEPTEONF AL 553 F CREAEHBRD L
@ﬁﬁ*@%ﬁ%%{erm/ﬁﬁwﬁb01%7ﬁxbmy®ﬁﬁ}
L& - TRBRELEYPHEARNERL 25, —DHIICES.
PHOTBRULLGBEEBHL, BOBBE»I TR EHETS (3

DPATROTEBRLARL AP THEHETS).
FHEGACEDOHNU TAREEAPEB TR, BYXEDEMTEA
BRE

NEEFICNLCE Y, BWiifia G3B) RERORE
EHUCZITO/4KPF—ESH
BEARTWE VS

P Tiie &, A W AN L EQHITE, X701 FEk
BEEVET Yo 2" REH

ENH D DHTHRBETY EERLIC
(kB BEL, —ETH
701 R EERLAEZED
HBEBITIE, COBRGE

AN

1,:“1(33;{"{9}0)@“! V
oo F D IREE AF

7272 L, BREEDSES )i (enzyme immu-
FatkCdhiug, AV RAZRINEHITE 5.

MLR TR

B EINE PN <I"i

}; ;)u ,7)
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LEANE © Descemet Wik 22 D (A1, Tl e, o

HES IO ffER.

BB R 2L Oz L L0 5.

BRI ZEEER

:
;
|

BB OTFERE © AP I M bl (B3) 450 TEb
OTEF., TO0EEOMILERE, R, W kERH L

M PEAE D BUE AN O TR

HWRBEOER LBV ELTY
sine herpete). fIFEHAEITL, HETHENNTL L2 L LH 5.
SUF T 2IE & L viE A S 225, Al
EHE IS T A 0B D .

ABRIMEET ORE

PCR I & B30 © il % FI L

(Hutchinson’s law).
Wit Aid WA B % (zoster

T, #MiE. HSV @ X 9 2 shedding

ERVOT, B SHKE L TGRS Z LD T, IRET
L AL 2 <, T 2 PCR O A THIFL 726 & zoster

sine herpete £ If-5 (/3

PRI

JEILER <),

MBS 47 RIEE O I - ‘f’)’ﬁ{?iifiﬁi??il;\;ﬁ"fi’«*#“ B 1272l

zoster sine herpete % Hif&fili ¢

Wid 2 D128k L vs,

X3 EHRAILNIHER
54 1%, B BUSABREEOR
BEES B, COEFNTIRES
HE-THEY, BELESBEIET
LT3,

3 BFRANINZEHERANQHABLS & 7 OFFHIE

SR T

BREE - FE&&#EQ

Z® Eﬁé‘iﬁ@ﬁiﬁ BFE

NIk Ly 7 ¥ 3,000mg

6*

1. 01% UXFor® SR
2. VES v o AR R#F

%3 AR

3E/H
3@/8

BBOF@EEEESR

WOoX s 551 case by case
REELTCRDB, WELEYPRDBIENG
BRANWARZIBRBATRERFTOA K%

WHEMICER L TLVY, BErER
BRUIGVWIBRIEIL HS.

wﬁ@%&@@ﬁﬁ FE 1, 2%@?%’5’ b“?fcﬂ%‘_ﬁ%%.@:?&ﬁ?ﬁiiﬁ(,

TEZMABIEHEFIHY
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Hili AL XA MBS 0 3k, B AR L H D WL, 772 LadIk
A 5 SR

ZFOAl 5 “HUHEA OV AR A MBS IR0 L Ao AL

RE R ICIMEIL E FoiFiir F LoD,

REPFEIRNANNWANZITELVDIEEN D, 2 DENX,
a BFEEETFEITHS.
TR EREFED RV
c BIERLYRERIZ.
d M AMOEE SBRNDEECL S H .
e BBEBEOMBREICELTRIINIENENTHS.

a. M & & /JG*;? HEARALIE v AV 2 B R AN
PLTRINRLT L2, HERFTHREI L.
b.ﬂ%ﬁﬁﬁ%??m“@l?@ﬁ%ﬁ?%%.

c. B ¥ MK SO TESIIE AT 5.

d. HERIEIE O FEREL AR - THURAIAT 155 5.

e. TRIEBOMEINICH LTH Y 4 L 28I R v, Mgk T o
7 7 I SR B RS R

a, ¢ (FELVOR D% 6I3RDLTHALH. 1277,
W&ﬂ?’%>“§21”zi§w» TV ROT, w%u:m& SC5. [
LT, OV EMTHED LA LR

SEowtE 5 HEIRBICEBEL, 2HA»SBRAPETLALDR
BRRUZZ. LIBHCHRBOERY 2. GIRARBEEZHICTYT. 2
YR N XERER V. EYLEAEREEAD,,

a 8BRS :
b MEZE

c MEREE

d w71 ZE

e BIBEEATOT KEE
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2. miEES

IR SIESS (zosteri-
form simplex)

BBz IdREZO®EL
MNEl, BEOEbDEV
», FrE-EREAEEL
ETIE, BEHBEHIILVE
BILZHRETSIIENS
N, —R, HIREBDLIIC
HABDT, miIREMEZ L
WhhTuwa,
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%M ORISR A LAY % b - 72 o fa B & -
J OTEREFIME D B BRFT R L LT HSV I X 2 B < 2 14
BahgbN A, BRERERIIREL-I AT 5. BIKR
RSB YPTHETH ¥ b7 A= LTI, HEERITT2
HTlHEkERETHIEiEhw, I0% 7 ML v ZEFERZ W
ELTAY T A=NAEERTIITCENTD S,

d (&2 —2BALLINLARWVD, BFFen
274 FHEH, BEE LT, FHIWHSEKRTHEVLIALL
)

AIEIER
ANIWNRZBERTHRSTVWBDEREND.

a PCRZEREEZEETH 5. -

b AMLAIBROFEREL B.

C 7Y UVOENDPE—RIRETH 3.

d BfEAMNRITLIVITBPRERTH 3.

e EHERICH L CEIBEEX O FEEZHW3.

a. HSV Tl shedding #°% 5@, PCR BHTH B %
HEETE R,
b. A MLVAGHFEDOFENICERS.
c. LR FEHEIIAPDOLT, Ty 7uiVEfERT 5.
d. HSV Qi 1 8 & 2 BB Y, WAV ATIE 2 BAL WIS,
AT I BT, 2BMTRIAZEIZENT, DLES
NIZTFEREDDE V5.
e. A70A4 F* 2 RITNEHEEPD RS 22 L0HELD S
B, ATuA FiLTHET2DEEERK T2 Ly,
a (RIFLO%s 18 MEHREMIEIE 14 THEIC e 28N
b, COMBED e Z@Y &), BEEINLIRETH L.
LaL, TOMETEa"HLMIENT, el ZiELWIZ &lho
TWw5, ZORBEHEARINCIIRTIVA, SEMERERBRIC—E
WD wol, HFEVLIALIARWV,)

(F L3 K)
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| BERERIEY A VAR TRIES D
N 92 (corneal endotheliitis) (XA BN EGAINIICER Y 2 4

%%&E&%ﬁf&%,gﬁ?&t&@ﬂ%@%ﬂﬁ&%ﬁ%ﬁ%
Serz g, JBROMPUNEINER B AR 5 PHAL XA LV AR
HRIGHTHIHEIE 7 4 L AOPER DNA i E a2 &5, V4
WA EHEZ SN TWBEY, THEDALNAE Y 4 LA 3CEAE p.295 2.
EMATEEDREETH BGOSR L 72Y £ L A D1

LIS E o TRIEF ERT LD EMMEIN TN D, FAALRR

AN 92 CiE, ACAID (i I s 50324647 5 anterior chamber-

associated immune deviation) & 102 [ 4G W19 7 o T30
’ikfélﬁﬁ*”ééﬂi%tl%&-’é‘% ZEH, EETF LRI TR ENRT

 SPRRR—

WwhY, T, POV AR X ATEHEDEER) L 2w AR
mﬁ%ﬂf&mﬁ#~,%4%1%m©4w2k£%mkmak#
BB T LA S LN ENTH B0, D o b ARG AR

" e e e 2, BMREAEOERE L
i, T AREIE e o4 4 b A e T L AN R BUALNITEHY, IRRHAS

EEARIGTIEPHSNATWS, TRV LA v TREEBETSBECS
FRITIEPHMSNTWS, IBEYA [[IETANEE s

4»zﬁfﬁ%ﬂzﬁw&ﬁl@&ﬁﬂ$¢7 ElZkoTHLES, O BEROBEELTESETS

, 5. —F, A hAHOYA
LN S L £ 5 Tn D™ NABBRERE, S
r | EFERGEECRETS
- BIEARERICEENTERKRFIR | cermEEnTaY, X0
i ] REEETEETCH 3.

AN EERR AT A 2 ED e W IREG R M SpiE &, o e AP REOSES 1
o3 LT LAY (keratic precipitates ; KPs) #4205 N RS - A AR
(B1,2). 1VBABIAL S IHEN S W2 S BE STy, 5 Do aTRECBEN, b
ZEE I A S el o CIEFT L, IERREOSEICE L ENB.

BARD KPs %, 19IIZEAI L7 KPs 25 4 B (o4 >0
—Yay) B S EDH L. MENILHTLO A X B AN
AEHIEDINT 2 U5 2 EAYSEITH D, MEIT5 5 L APk M
i (bullous keratopathy) (2 5. RO L AT, WRE
SEF LM I N TwD, LIFLIZIE RIS E S0 2 2
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E1 AEARKTLSNSBRHLERMRE

H2 BENER

8o0E B
RAY oy bSLTTH, BETAY
ShilBICEs - TEF B HEE
FEeRBEsELESYELL
3. MipEErneHEEsELY

Ly,

EFHISNT WA,

1 IV AEBBRARRDZE A

PCR (polymerase chain reaction) % HJ\W/zfipiRKdr oo 4L 2
DNA OB TH A, PCRIGIERIZIKIEDG W0, HlEL
ITEMAD Y 4 VA DNA 25 5 B %24 E%’ﬁfﬁﬂﬁiﬁ

%, 7 A4 WA PCR O#S L BRI, JU7 4 0 AHHHISHT 2 Kb
B EREAIIHET L Ty A AR B g5 & @‘Fér“%‘%'zﬁ}"'«:é%

BEEZLNDL, FEHEY AV AH g SR MmIBENEETIE, WY
ARAEEATFOA FEFHLERET).

AL BEIES |
ffiﬁﬁ%’zﬁﬁ{iﬁ,% 1, OGS & ERATEETH B ML
IBELTATOA FEHFEZIT-TH, MBEREIGOCE L 2 wEat
L, REHBERD LERD D, T, BIHAW O ACGETE M IE R,
BRI IR BOSR g 2 8 D K L, BB o M IR &
DELTWD X RAEFITIE, MBEAEEE - TY A4 VAR %
79 e F Lv, LRI~ L~ X (stromal herpetic kerati-
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EHRS T RAEEE
kY (KPs) »BHEER
CEEETAOICHLT, AR
RERTRBHEOGZES
T, R bAREGICLRESE
BE (corneal edema) ¥ KPs
BPEETBIENIEETS
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In Vivo Confocal Microscopic Evidence of Keratopathy
in Patients with Pseudoexfoliation Syndrome

Xiaodong Zbeng,' Atsushi Shiraishi," Shinichi Okuma," Shiro Mizoue,' Tomoko Goto,"?
Shiro Kawasaki,' Toshibiko Uno,"> Tomoko Miyoshi,** Alfredo Ruggeri,*

and Yuichi Obashi®

Purpose. To measure the density of cells in different layers of
the cornea and to determine whether morphologic changes of
the subbasal corneal nerve plexus are present in eyes with the
pseudoexfoliation (PEX) syndrome.

METHODS. Twenty-seven patients with unilateral PEX syndrome
and 27 normal controls were investigated. All eyes underwent
corneal sensitivity measurements with an esthesiometer and in
vivo confocal microscopic study. Densities of the epithelial,
stromal, and endothelial cells were measured. The density and
tortuosity of the subbasal corneal nerve plexus were also eval-
uated.

ResuLts. Eyes with PEX syndrome had significantly lower cell
densities in the basal epithelium (Z = 0.003), anterior stroma
(P = 0.007), intermediate stroma (P = 0.009), posterior stroma
(P = 0.012), and endothelium (P < 0.0001) than in the corre-
sponding layers of normal eyes. PEX eyes also had lower
subbasal nerve densities and greater tortuosity of the nerves
than normal eyes. Fellow eyes of patients with PEX also had
significantly lower densities of the basal epithelial and endo-
thelial cells than the normal eyes. Corneal sensitivity was sig-
nificantly decreased in PEX eyes, and this was significantly
correlated with the decrease of basal epithelial cell and sub-
basal nerve densities.

ConcLusions. These results have shed light on understanding of
the pathogenesis of decreased corneal sensitivity in eyes with
PEX syndrome. PEX syndrome is probably a binocular condi-
tion for which keratopathy of the fellow eye also requires
observation. (Invest Ophthalmol Vis Sci. 2011;52:1755-1761)
DOI:10.1167/i0vs.10-6098

he pseudoexfoliation (PEX) syndrome is a common age-

related disorder of the extracellular matrix and is fre-
quently associated with severe chronic secondary open angle
glaucoma and cataract.'”® The prevalence of PEX syndrome
varies widely in different racial and ethnic populations. In
addition, the prevalence of PEX is dependent on the age and
sex distribution of the population examined, the clinical crite-
ria used to diagnose PEX, and the ability of the examiner to
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detect early stages and more subtle signs of PEX. For example,
the highest rates in studies of persons older than 60 years of
age have been reported to be approximately 25% in Iceland
and more than 20% in Finland.>*# The ocular manifestation of
PEX syndrome is the production and progressive accumulation
of abnormal extracellular fibrillar material in almost all the
inner wall tissues of the anterior segment of the eye. This
characteristic alteration predisposes the eye to a broad spec-
trum of intraocular complications including phacodonesis and
lens subluxation, angle closure glaucoma, melanin dispersion,
poor mydriasis, blood-aqueous barrier dysfunction, posterior
synechiae, and other related v:omplications.l'5

The PEX syndrome is associated with corneal endotheliopa-
thy, and this has been suggested to be the cause of the so-called
atypical non-guttata Fuchs endothelial dystrophy.>® PEX en-
dotheliopathy, a slowly progressing disease of the corneal
endothelium, is usually bilateral but is often asymmetrical. It
can lead to early corneal endothelial cell decompensation,
which can then induce severe bullous keratopathy, a vision-
threatening disorder.

Clinical signs of PEX syndrome include decreased corneal
sensitivity, thinning of the central corneal thickness, and im-
paired tear film stability.”"®> However, the underlying cause of
these clinical findings has not been well investigated, possibly
because objective and accurate in vivo examination techniques
are not available.

Recent advances in imaging technology have improved the
ability of these instruments to diagnose different ocular dis-
eases. The Rostock Cornea Module (Heidelberg Engineering,
Heidelberg, Germany), consisting of a contact lens system
attached to the Heidelberg Retina Tomograph II (Heidelberg
Engineering), is such an instrument. It uses laser scanning
technology to investigate the cornea at a cellular level, and
structures such as the subbasal nerve plexus, which cannot be
seen by slit-lamp microscopy, can be clearly seen.'®*

In vivo confocal microscopy (IVCM) was used by Martone
et al.’? to examine one eye with PEX syndrome, and noncon-
tact IVCM was used by Sbeity et al.'® to study PEX, PEX-
suspect, and normal eyes. However, there has not been a
detailed and quantitative study of the morphologic changes in
the corneas of eyes with PEX syndrome.

Thus, the purpose of this study was to examine the under-
lying pathogenesis of PEX keratopathy and to obtain evidence
to explain clinical findings such as the decreased corneal sen-
sitivities observed in patients with PEX syndrome. To accom-
plish this, we used IVCM to determine cell densities in different
corneal layers of eyes with PEX syndrome and their clinically
unaffected fellow eyes. These findings were compared with
those in normal control eyes. The nerve densities in the sub-
basal layer were also analyzed, and their relationship with the
alterations of clinical corneal sensitivity were analyzed.

1755
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SUBJECTS AND METHODS

Subjects

We studied 27 patients (16 men, 11 women; mean age, 74.4 * 6.3
years; age range, 65-90 years) with diagnoses of unilateral PEX syn-
drome. In all eyes, exfoliation material (XFM) was seen by slitlamp
microscopy at the pupillary border or on the anterior lens capsule.
Eyes with PEX syndrome were placed in the PEX group, and clinically
normal fellow eyes were placed in the PEX fellow eye group. Age- and
sex-matched normal subjects (16 men, 11 women; mean age, 72.7 &=
6.5 years; age range, 61-92 years) were also studied. One eye from the
normal control group was randomly selected and used in the statistical
analyses. Exclusion criteria included Stevens-Johnson syndrome, lym-
phoma, sarcoidosis, corneal dystrophy, injury, inflammation, systemic
therapy with drugs with known corneal toxicity; treatment with top-
ical anti-glaucoma drugs, steroids, or NSAIDs; contact lens wear; pre-
vious ocular surgery; and other ophthalmic diseases.

The procedures used conformed to the tenets of the Declaration of
Helsinki. Informed consent was obtained from all subjects after an
explanation of the nature and possible consequences of the proce-
dures. The protocol used was approved by the Ethics Committee of
Ehime University School of Medicine.

Corneal Sensitivity Measurements

Measurement of the corneal sensitivity was performed with a Cochet-
Bonnet nylon thread esthesiometer, as described.'® The examination
was begun with a 60-mm length of nylon filament applied perpendic-
ularly to the central cornea, and the tests were continued by shorten-
ing the filament by 5 mm each time until the subject felt the contact of
the filament. Each subject was measured twice with a between-test
interval of at least 5 minutes, and the average of two measurements
was used for the statistical analyses.

In Vivo Confocal Microscopy

IVCM was performed on all subjects with the Rostock Corneal Module
of the Heidelberg Retina Tomograph II (HRTII-RCM; Heidelberg Engi-
neering). After topical anesthesia with 0.4% oxybuprocaine (Santen
Pharmaceuticals, Osaka, Japan), the subject was positioned in the chin
and forehead holder and instructed to look straight ahead at a target to
make sure that the central cornea was scanned. The objective of the
microscope was an immersion lens (magnification X63; Zeiss, Chester,
VA) covered by a polymethylmethacrylate cap (TomoCap; Heidelberg
Engineering). Comfort gel (Bausch & Lomb, Berlin, Germany) was used
to couple the applanating lens cap to the cornea. The polymethylmeth-
acrylate cap was applanated onto the center of the cornea by adjusting
the controller, and in vivo digital images of the cornea were seen on
the monitor screen. When the first layer of superficial epithelial cells
was seen, the digital micrometer gauge was set to zero, and then a
sequence of images was recorded as the focal plane was gradually
moved toward the endothelium. Each subject underwent scanning
three times at intervals of at least 15 minutes.

The laser source of the HRT-II RCM is a diode laser with a wave-
length of 670 nm. Two-dimensional images consisting of 384 X 384
pixels covering an area of 400 X 400 um were recorded. The digital
resolution was 1.04 um/pixel transversally and 2 um/pixel longitudi-
nally, as stated by the manufacturer.

Image Analyses

Central corneal images of all subjects were taken, and the three
best-focused images from the superficial epithelium, basal epithelium,
subbasal nerve plexus, anterior stroma, intermediate stroma, posterior
stroma, and endothelium were selected for analyses. The selected
images were randomly presented to two masked observers (XZ, SO)
for evaluation. All data are presented as averages of three images.

IOVS, March 2011, Vol. 52, No. 3

Cell Density Analyses

Morphologic characteristics and densities in the different layers of
the cornea in the PEX and PEX fellow eyes were assessed and
compared with those of normal controls. Superficial epithelial cells
were identified as polygonal cells with clearly visible cell borders,
bright cytoplasm, and dark nuclei. Basal epithelial cells were iden-
tified as the layer just above the amorphous-appearing Bowman
membrane. Basal cells had bright borders, a uniform shape, and
nonhomogeneous cytoplasm. The anterior stroma was identified as
the first layer immediately beneath the Bowman membrane, and the
posterior stroma was identified as the layer just anterior to the
Descemet membrane and the endothelium. The intermediate
stroma was defined as the layer halfway between the anterior and
posterior stroma.'® The corneal endothelium consisted of a mono-
layer of regularly arranged hexagonal cells with dark borders and
bright reflecting cytoplasm.

After selecting a frame of the image and manually marking the
cells inside the frame (>50 cells), cell densities were calculated
automatically by the software installed in the instrument. Cells
partially contained in the area analyzed were counted only along the
upper and right margins. The results are expressed in cells per
square millimeter.

Analyses of Subbasal Nerve Plexus

The subbasal nerve plexus layer is located between the Bowman
membrane and the basal epithelial layer through which numerous
nerve fibers pass. The density and tortuosity of the subbasal nerve
plexus were analyzed as described.'#'® Two parameters were ana-
lyzed: the long nerve fiber density (LNFD) was determined by dividing
the number of long nerves by the image area (0.16 mm?), and the nerve
branch density (NBD) was determined by dividing the total number of
long nerves and their branches by the image area. Nerve tortuosity was
classified into 4 gradings: grade 1 = approximately straight nerves;
grade 4 = very tortuous nerves with significant convolutions through-
out their course.®

Statistical Analyses

Data were analyzed with statistical software (JMP, version 8.0 for
Windows; SAS Japan Inc., Tokyo, Japan). All data are expressed as
the mean * SD. The differences of cell densities between PEX eyes
and normal controls or between PEX fellow eyes and normal con-
trols were evaluated with two-tailed Student’s #-tests. The differ-
ences of cell densities between PEX eyes and their fellow eyes were
evaluated by paired #tests. The Wilcoxon rank sum test was used to
compare the values of corneal sensitivity, LNFD, NBD, and the
nerve tortuosity between PEX patients and normal controls. Spear-
man’s correlation was used to determine the correlation among the
parameters of basal epithelial cell density, subbasal nerve density,
and corneal sensitivity. P < 0.05 was considered statistically signif-
icant.

Resurrs

The mean age was not significantly different between patients
with PEX and normal controls (two-tailed Student’s #tests, P =
0.725). Eyes with PEX showed typical whitish exfoliation ma-
terial on the pupillary border or on the anterior lens capsule on
slit-lamp examination. Pigmented keratoprecipitates and slight
folding of Descemet membrane were also detected in some
patients. Fellow eyes of PEX eyes and normal control eyes
appeared normal by slit-lamp microscopy.

Corneal Sensitivity

The mean corneal sensitivity was 47.8 = 5.6 mm for PEX eyes
and 53.7 = 4.9 mm for PEX fellow eyes. This difference was
significant (P = 0.005; Wilcoxon rank sum test). Mean corneal
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sensitivity was 55.6 = 4.7 mm for the normal control subjects,
and the corneas of eyes with PEX were significantly less sen-
sitive than those of normal control eyes (P < 0.0001). The
difference in corneal sensitivity between PEX fellow eyes and
normal controls was not significant (P = 0.378).

Cell Densities

The density of the corneal superficial epithelial cells was
872.6 + 95.3 cellsymm?, and that for the basal epithelial cells
was 4829.7 + 462.1 cellsymm?® in PEX eyes. Densities for the
corresponding layers in PEX fellow eyes were 910.4 * 80.8
cells/mm? and 4996.7 = 438.7 cellsymm?, and densities for the
normal control eyes were 886.4 * 101.7 cells/mm?® and
5446.4 + 639.9 cellsymm?®. The density of the basal epithelial
cells was significantly lower for PEX eyes and PEX fellow eyes
than for the control eyes (P = 0.003 and P = 0.015, respec-
tively; two-tailed Student’s #-tests; Fig. 1). The difference in the
density of the basal epithelial cells between PEX eyes and PEX
fellow eyes was not significant (P = 0.589; paired #-test).
Differences in the densities of the superficial epithelial cells
among the three experimental groups also were not significant
(Fig. 1.

Densities of the cells in the three stromal layers of PEX eyes,
PEX fellow eyes, and normal control eyes are shown in Figure 2.
Compared with normal controls, the cell densities of PEX eyes
were significantly lower in all three layers of the stroma (anterior
stroma, P = 0.007; intermediate stroma, P = 0.009; posterior
stroma, P = 0.012; two-tailed Student’s #tests). The densities in
these three stromal layers in PEX fellow eyes were also lower, but
the decrease was not significant (P = 0.196; P = 0.261; P = 0.08;
respectively; Fig. 2).

Endothelial cell densities were 2240.7 = 236.6 cells/
mm?2, 2386.6 + 200.8 cellsymm?, and 2738.7 *+ 233.2 cells/
mm? for PEX eyes, PEX fellow eyes, and normal eyes, re-
spectively. Differences between PEX eyes and normal
controls (P < 0.0001; two-tailed Student’s #-test; Fig. 1) and
between PEX fellow eyes and normal controls were signifi-
cant (P = 0.001). The difference in endothelial cell density
between PEX and PEX fellow eyes was not significant (P =
0.754; paired t-test).

There was a higher degree of pleomorphism and
polymegethism in PEX eyes than in control eyes. The coef-

Epithelial and Endothelial Cell Density
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Frcure 1. Corneal epithelial and endothelial cell densities of eyes

with PEX syndrome, their clinically unaffected fellow eyes, and eyes of
normal control subjects. *P < 0.01; *P < 0.05.
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FIGURE 2. Cellular densities of anterior, intermediate and posterior
stroma of eyes with PEX syndrome, their clinically unaffected fellow
eyes, and eyes of normal control subjects. **P < 0.01; *P < 0.05.

ficient of variation (CV) of the cell area was 45.2% * 8.7%,
and the percentage of hexagonal cells (HEX) in PEX eyes
was 30.5% * 10.3%. Both values are significantly different
from those of normal control eyes (CV, 30.6% * 5.6%, P =
0.016; HEX, 50.3 * 6.8%, P = 0.008; two-tailed Student’s
ttest). PEX fellow eyes also showed a similar tendency of
increased pleomorphism and polymegethism, but the differ-
ences were not statistically significant.

Subbasal Nerve Plexus

The LNFD and NBD were significantly decreased in PEX eyes
(17.4 + 6.3 and 32.2 * 8.3 nerves/mm?, respectively) com-
pared with those in normal controls (35.9 = 8.2 and 72.2 *
8.8 nerves/mm?; P < 0.0001 and P < 0.0001, respectively;
Wilcoxon rank sum test; Fig. 3). PEX fellow eyes also had
decreased LNFD and NBD, but these changes were not

, Subbasal nerve fiber density
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90 @ PEX fellow
b O normal
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FIGURE 3. Subbasal LNFD and NBD in eyes with PEX syndrome, their
clinically unaffected fellow eyes, and eyes of normal control subjects.
**P < 0.01.
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significantly different from those of the controls (31.5 = 7.8
and 69.9%9 .4 nerves/mm?; P = 0.093 and P = 0.301).

Confocal images of PEX eyes showed extremely tortuous
nerve fibers, thinning of nerves, short nerve sprouts, fewer
branches from the main nerve trunk, and highly reflective
inflammatory infiltrates in close vicinity of the subbasal nerves.
Representative confocal images of the three groups are shown
in Figure 4. In PEX eyes, 85.2% (23 of 27 eyes) had grade =3
subbasal nerve tortuosity, and the degree of tortuosity in PEX
eyes was significantly higher than that of the controls (3.2 *=
0.7 vs. 1.6 = 0.6; P < 0.0001; Wilcoxon rank sum test). The
degree of tortuosity in PEX fellow eyes was also greater than
that of normal controls, although the difference was not sig-
nificant (2.1 £ 0.9 vs. 1.6 * 0.6; P = 0.054).

It was our impression that PEX eyes had more inflammatory
cells, including dendritic cells, infiltrating the subbasal cell
layer and anterior stroma, and these changes were more severe
in eyes with decreased subbasal nerve densities and lower
corneal sensitivities (Fig. 4).

Correlation between Corneal Sensitivity and
Subbasal Nerve Density and Basal Epithelial
Cell Density

Spearman’s correlation analyses showed that there was a
significant positive correlation between corneal sensitivity
and the subbasal nerve densities (LNFD, r = 0.764, P <
0.0001; NBD, » = 0.634, P < 0.0001; Spearman correlation
coefficient). Corneal sensitivity was also significantly and
positively correlated with basal epithelial cell density and
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FIGURE 4. In vivo confocal micro-
scopic images of the subbasal nerve
plexus in patients with PEX syn-
drome and a normal control subject.
(A) Representative image from a nor-
mal control subject showing sub-
basal nerve plexus with long nerve
fibers running parallel to the Bow-
man layer. The nerve fibers appeared
to be straight with minimal tortuos-
ity. The subbasal LNFD was 31.3
nerves/mm?>, and the nerve tortuos-
ity was grade 1. (B) Representative
image from a PEX syndrome eye
showing very tortuous nerves with
significant convolutions throughout
their course. The tortuosity grade
was 4. Note the intensive infiltration
of dendritic cells (arrows) in close
vicinity of the nerve fibers. (C) Con-
focal image of the subbasal nerve
plexus of another PEX eye showing
the thinning of the nerves, short
nerve sprouts, fewer branches from
the main nerve trunk, and signifi-
cantly decreased nerve density. The
LNFD was 6.3 nerves/mm?. Arrows:
dendritic cell infiltration. (D) Confo-
cal image of a PEX fellow eye show-
ing moderately tortuous subbasal
nerve plexus with a tortuosity grade
of 3 and an LNFD of 18.8.

significantly and negatively correlated with subbasal nerve
tortuosity (Table 1).

Confocal Microscopic Detection of
Hyperreflective Material

IVCM showed hyperreflective material, probably XFM, in the
subbasal epithelial layer or the anterior stroma of 22 of the 27
PEX eyes (81.5%). The hyperreflective material was also ob-
served abundantly in the endothelia of all PEX eyes. Five of 27
(18.5%) PEX fellow eyes showed hyperreflective deposits in
the subbasal epithelial layer or anterior stroma, and 14 of 27
(51.9%) had endothelial surface deposits of hyperreflective
material. In sharp contrast, none of the normal eyes showed
hyperreflective material in the subbasal epithelial or anterior

Tasie 1. Correlation among Corneal Sensitivity, Subbasal Nerve
Fiber Density, Tortuosity, and Basal Epithelial Cell Density

Corneal Sensitivity

Spearman Correlation

Coefficient P
Long nerve fiber density 0.7640 <0.0001*
Nerve branch density 0.6341 <0.0001*
Subbasal nerve fiber tortuosity —0.8250 <0.0001*
Basal epithelial cell density 0.6971 <0.0001*

* Statistically significant.
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FIGURE 5. Confocal microscopic im-
ages showing XFM in the subbasal
nerve plexus layer of a patient with
PEX syndrome. (A) Nerve fiber thin-
ning with tortuous morphology can be
seen (arrowhead), and XFM (arrows)
is seen in close vicinity of the patho-
genic nerve fibers. (B) Hyperreflective
deposits (arrows) indicative of XFM
can be seen in the subbasal amor-
phous layer of the cornea of another
patient in the PEX eye group.

stromal layers, and only two (7.4%) had a small amount of
hyperreflective material on the endothelial surface (Figs. 5, 6).

DIScuUsSION

The manifestations of PEX syndrome in the anterior segment
are widely known to affect intraocular surgery with poor
mydriasis and intensive postoperative inflammation. The
fact that aggregates of XFM can be identified in autopsy
specimens of the heart, lung, liver, kidney, and other organs

FIGURE 6. Representative confocal
microscopic images of the endothe-
lial layers of PEX syndrome eye, PEX
fellow eye, and normal control eye
group. (A) Normal subject with reg-
ularly arranged hexagonal endothelial
cells. (B) PEX eye showing increases in
pleomorphism and polymegethism
and decrease in cell density. Intense
hyperreflective materials indicative of
XFM can be seen. (C) PEX fellow eye
showing similar changes of endothelial
cells and deposition of XFM.
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in patients with ocular PEX suggests that the ocular PEX
syndrome is part of a general systemic disorder.'~>'7 In fact,
PEX syndrome has been reported to be associated with
cardiovascular diseases, chronic cerebral disorders, Alzhei-
mer disease, and acute cerebrovascular events.!” Two sin-
gle nucleotide polymorphisms in the lysyl oxidase-like 1
(LOXL1I) gene have been recently identified as strong ge-
netic risk factors for PEX syndrome and PEX glaucoma.'®
IVCM with the HRTII-RCM provides a new imaging method
that allows rapid, noninvasive, high-resolution, and microstruc-
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