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(p=0.042, p=0.045, p=0.036 respectively).
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Lomb Surgical. Inc., Aliso Viejo, CA, USA)o| &A 4C
Y2 SR & SWEAAL, ol =& SA] &
Hom gutste] ehedfel ¢l AW (Konan Co.,
Nishinomiya, Hyogo, Japan)& &35} WaAE 9L A
ABtict okA g3l u]ate] eye banko|A ZFAJEF 7)=
ZUARAE AR $YFoizate] JHE 2453l
BHEAJol|l= 7]5Ake] tro], A, AR, 1A E H HBsAg,
HbsAb, HCVAD, HIV Ab, VDRL AbS w35t @4 welst
2 AA A3}, AFA] 2 Optisol—GS®o| RZ3)7|71%] A=

AlZY, 71ZE 719 e] 2% duAd a4, AdHdn A4S =35t
2ot 247 715 5ol Qgie

Ngurgunel s SAgoldutel uEs uE A
of Zpah Ao} Zhutol4] 7ol QkesjolA 24t
/ Fa19ict. olefat zfole} 7]
Zaje] A, Uoloke] A, Amkite BEsAe] 7
FAIZL HERE o[ A7 o] BRAREE vhEro 2 3 Aj
FE o)A 7R 9] 7} ThAME AT ko] A, HEol
HEA ] ZHeful A 2] AFA|, BEY H Axt
O] AHTAE Yot T

AR £42 SPSS V.19.0Z& o]g&3dto] Al
pvalue7} 0.05 v]gkel 495 EAEA ojoj} g R

2 Bolaisich

ol

2 ot

Zha7) 520 AR 14415 7TIA|E Hak 55.20 £
13.70419a, o] & YAL 47%H(54.0%), oIS 40
(46.0%) ] Ath(Table 1). Zut7|5ALe] Afke] Qlo=z

Ay Ag oF, HE k] golgirk(Table 2). 7]

FZag R A Qe $9Foizkare] Optisol-GS® Bz
Ao ;Lgnﬂﬁw:\z¢§ Wt 2789 + 235 cells/mm” o
o, Zhako]A] 2] of k23 l A EAeE ZFr A 2=
B3 2592 + 254 cells/m 2 EAsHoez o3t 7+
25 2 EHp<o 001). = Zufol| A WujA|zs=2] 7t
A7) Qo By ZHhuAEZ ZhAsRe 197 + 148
cells/mm u} APGEE HZNo|| HZSL7| 714 AY A7t

Table 1. Age and sex distribution of imported donor corneas

MZE 9 ¢ et oM zzAo Ojx

= AXt-

= Hat 9.0 £ 5.5470]GlaL, HEFE o]Ashr| 71| A
A7 Tt 143.2 £ 53.5A1ZK(5.97Y), AFFEE o] 45}
717HA A AR Bt 152.2 4 53.0417H6.34) o] gic}
(Table 3).

HEH HE A 7WHH§4A1]:T£ 7} 2500 cells/mm adlels
o] ke 7eH8%)o| %o, J%GMW SA9S =
33%H(38%) & ~7}H°1 UG K HE A 74‘1.“4134
A ZZ=7} 3100 cells/mm” o]Akol L% 29H14%)0] 9}
o, REgYolA ZAsHS EH% 29H(3%) 0.2 7HAE|o]
AATH Table 4). WulAHE Zr42Fo] 100 cells/mm” w]k
o] o2 250H(29%)0] o1, 300 cells/mm” o]AFel oFe
209H23%) o]t Table 5).

Yz zat 878k el ml=ro A FFE]= eye bank

Table 2. Causes of death in imported donor corneas

Disease No. of eyes (%)

Heart disease (myocardial infarction etc.) 30 (35)
Cancer 16 (18)
Cerebrovascular disease 16 (18)
Trauma 13 (15)
Anoxia 6 (7)
Pulmonary problem 6 (7)
Total 87 (100)

Table 3. Endothelial cell changes and time distribution of im-
ported donor cornea

Endothelial cell
density (cells/mm2)

At preservation 2789 + 235
Before keratoplasty 2592 + 254
Cell loss count 197 + 148
Time (hr)
Death to preservation time 9.0+5.5
Preservation to surgery time 143.2 + 53.5
Death to surgery time 152.2 + 53.0

Values are mean + SD.

Table 4. Changes in number of eyes of endothelial cell density

Endothelial cell density At preservation  Before keratoplasty

(cells/mm?) (%) (%)
Less than 2500 7 (8) 33 (38)
2500-2699 29 (33) 23 (26)
2700-2899 27 31) 22 (25)
2900-3099 12 (14) 7 (8)
3100 or more 12 (14) 2(3)

Age (yr) Male Female Total (%)
Less than 30 4 3 7 (8)
31-40 1 2 3(3)
41-50 7 6 13 (15)
51-60 11 12 23 (26)
61-70 21 12 33 (38)
71 or more 3 5 8 (10)
Total 47 40 87 (100)

Table 5. Number of eyes of endothelial cell loss count

Endothelial cell 1
ndothelial cell loss count s, 6 e ()

(cells/mm?)

Less than 100 25 (29)
100-299 42 (48)
300 or more 20 (23)

/ww_ophthalmology.org 21



- CH&totastg| x| 20124
o 9 ot Zetf AL ZrasE B9, South
Dakota eye bankoj|A] 280}, 214 + 148 cells/mm®, California
eye banko]|A] 259} 209 + 177 cells/mm®, North Carolina
eye bankojA] 17¢F 186 + 151 cells/mm® Hawaii eye
bankof| 4] 9¢F, 139 + 79 cells/mm®, Lonestar eye banko]]
A 8ok, 184 + 107 cells/mm*o]ch(Fig. 1). Z} eye bank
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Figure 1. Mean endothelial cell loss count of eye bank.
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Figure 2. Correlation between donor age and endothelial cell
loss count (r = -0.049, p = 0.650).

Table 6. Demographic features of the sex of imported donor cornea
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Figure 3. Correlation between death to preservation time and
endothelial cell loss count (r = -0.040, p = 0.714). Mean
death to preservation time was 9.0 + 5.5 hours.
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Figure 4. Correlation between death to surgery time and endo-
thelial cell loss count (r = 0.216, p = 0.045). Mean death to
surgery time was 152.2 + 53.0 hours (6.34 days).

Male Female p-value
Age (yr) 55.0 + 14.0 549 +13.5 0.884
Endothelial cell density at preservation (cells/mmz) 2815 4+ 223 2758 + 247 0.264
Endothelial cell density before keratoplasty (cells/mm?) 2629 + 225 2549 + 281 0.310
Cell loss count (cells/mmz) 186 + 133 209 + 165 0.214

Values are mean + SD.
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APSRE HE27EA Y] AIZRE 6A17F mRkel T1Ea) o)l

82 Upro] ZPhfjulA| s ZHass Afolo] ARAIE
Tt o, fost A= $ch(p=0.058, p=0.148
respectively). BERIZIAE 9AIZE 15A)17t]| TisiA e Lol
FEAIE Tt o, felet At AlE §IScH(p=0.184,
p=0.530, p=0.590, p=0.626 respectively).

HEoh HEA9] Zhhfjul A za Frel ZHuhfjujA)L
Haey Ato]o] ARAIE dotiy] sl HE A9 Zhat
a4 Hgto] 2789 + 235 cells/mm’o| B2 o] A
427} 2800 cells/ mm” m]ghel 23} o)Akl 07 Upieo]
FHBAS Fotglo, ZF wtubeh {93t Al gl
tH(p=0.086, p=0.061 respectively). RF7IX| &2 7]ZA}
A AEob Zhat a2 THAF Abol o] AHAIE &
ot 7] 98l 7]F5A A% Wato] 55.20 £ 13.704] 0]
2 Aol 60Ameel Fat o]l #Fo ' o] A
BAE Fsho, 7z dubth foR A= ¢lgl
(p=0.060, p=0.437 respectively).
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(p=0.036).
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A = Qo] Fo 2007 WulA|E7kA] FASFACE o]A4F
o oAl Faste] 24 Al ek Hdjsh WaiskA)
AEE k9l

NS Ao Qe HEl Bz A9 Wul N E57}
Pt 2789 + 235 cellsymm’o] Qe d uhaf kol 2
At Yu M| Es it 2592 + 254 cells/mm’2 E7|8}
Ao & (olgt 7havt qlolet k2giol A et WA E
e BHE B2 A9 YoM ZEch Bt 197 £ 148
cells/mm® ik, BE Zhabol A Wm| Al Z4=0] 747} 9l
itk Hu et al’2 19999 Efo] o] 639te] 291502}
uk-S o]-8-5t Zatol Ao 3t Halof| A, u]=tol| A Efo| o]
w3 § Zho |25 249 A3 FF 590 +247
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sue culture medium 199 (TCM 199)9} &=A| 2= bi—
carbonate®t HEPESE 3k8-3lc}h w3l H|F= ofu]i Al
1% dextran, 2.5% chondroitin sulfate, 1 mM sodium
pyruvate, ascorbic acid, antioxidant, vitamin, ATP &=-
E3 gentamycin 100 ug/ml, streptomycin 200 pg/ml S
o xgksiet” o]l Optisol—GS®ol| A A4 4ol A 142
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necrosiso] WA 4A1E 4= 9lom Yang et al’e 119Fo]
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w2 AR AoR 245 AT, BE 190 A w7k
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[ B5Ea AEeo] B HotEe] Helw, BE 14
Aoz Az 2717} B8 Zrteli Az 72 Apolo] #
o] LEfLpA] liol Mt Bl Anute] o] & it
[e] e

=
10 11
3 Bskok T Wagoner et al 2 £¢3ojZd-g o] &
z

<

il

g Zhaho 2o A 71 HEAZIOR Qg o]X4d & HE

Zhatol| A A BB B0 Ao d HEo| Au] Ado] 9,
149 2t Aol A&HE A% YTk sl 529
Fojzture oulalgo] A1 &4 & AFo|} 2=
59| 340l =29 7H5Ado] Atk Wang and Hu'*= 71¢]
AP Bzdof 7] ZHkS 5 rpme] SR AEA7|E 3
o & o] A7} dl A ekl A HojA 1o 5
A3zt zo] grivka B aslget. o] AFAle|A Q]
Aifo] 1 AA| 4:9]Fofzbute] L4342 ol T A&
4 Qo AL 7Robejof sttt o]t 429l Foiziutel B
2 9 ol 34S AYzksto] 2 uf, 524]goizhato] Ffof
=2 3 o]0 AFYPET] Mol W] S-S A2H
gt & 7habo| Al Alaistis Ho] ebAT 4 gtk HolA
B A3 oug Ad 4 (w.

=
14;1
oy
F>
O

Jg
~
i
Y
1_

5 3 Aol

AgtH o g fofet AudAE EOIX] oFoket. mpxt
T2 2 | skl 7]1221e] 018 Alo]o|x &
Ho g ot AUUAS Ho|x| ghoron], 7| ZA}0|
Aol Wi Hgof et Fo4E
Folgt A4AIAE Holx] ekttt

o Hu
}‘>’ “D‘ N 01[‘ L
¥

A3k 7] el Apgat HE 2

2 Fohn oeld QA B Aol ZuhuAE
e ARE BEAY AT o3 AT
L oItk ol o] A@A A HEY AFE A

N
N

st3|X| 20128 M 53 @ M1z

T 6A7F olUjet LA glom, Kim et al“of 2w &
7oA ARG 6AIZE ool A& Qb= AR Hat ko]
A glo] Optisol—GS ol 4°Cofl A 237k ZhatolAof g
st Zahyu st SAH AoR Hol Lmo Aol
A} B ok AZ0 1A ABFsE A7 6A4]7F o|Ujgkal &
Ak o] AL 7rokste] REZR| 9] A7HS 6417 njuka)
o[Ql TIHOE tiro] WA s Afoloke] AT

A slglo, folF ARBAS Kol ektrh 94]
7, I5AREOR L 290l §o3 RS HolX
= ool

Culbertuson et al'®} Musch et al'’-& zbato]Al4x4r &

o WA ESRe] At & A Foizure] M Ee] 4
o ATHIAZE QIEkL shglom, Kim et al i Aol 44
= A oAzt < F 37§D YA Es Afolof -2
3 AWEATL ki ®askgick. Wagoner et al'! E3
SAHOR FolalAe AT FATAZINA & A 7
gyl m] A 24271 2900 cells/mm” o]AFollEl Zo] 2500
cells/mm’ o]3to] Y Tt 0|4l 51 AEgo| o
w0 wnstolrh. B Aol A ZuhfEAE ase u
2] OS] AT 9 AR ol 7S] AR
ot ATRIAZE A%t & A= & T WIAx
W ool Tk 2AR: ohA] Aigkont, Zutolalel %
T oAzl ol 57t QhA ﬁ%oﬂfﬂﬂ & A YalA|
4o} QIRo] glonz maERe olAixe] At Y
AR oIS ATHE Folie o] AnHoz &
A yajAze] gag o o 22 & 3 958 7dE
3.

lﬂ-ql\ﬂi = 9800 cells/mm’S

8ol ufe} 2o 2

A2 olskort, ol AL ¥

o|A] ot 7] WAL Sk} HERE o]A]71A]9] 7]
Zho] 7o wE ¥ Ul Ao FRT oae

0{

Y

<

B AolA HE Hppajgie] TU(168A41) o]

= : el
Aol Zuh i AE ot folgh At 99
o1}, 79 o]l A9 folat ATAE Rt ol
Hu et al’o] Abge o] 7kxe] Alzko] 79 o)4f AHH
oAl T ol zrue] Ayt ©] ghot 4

°

,_‘

AEgo| 9olat yWoktta ¥ st &, Wagoner et al'
SAACR FostA= YA sYdFolzato A HE
E] o]A7}R]Q] A|7Fo] 175A17H(7.29Y) 2} &kl :,Loﬂ
A 245417H10.29) Kk A9E FEc} o] 4] e] 5@ 4

o] o rbu Bustgd A7} ApE 4 g 2

UrEP;‘i‘:h_’— 3 4= 9lrh Kim et al " E7|E A} & -

nfr

ww_ ophthalmology.org



-ZNE o Uz
3T} AN 1041713 2401 Ak 78 At
Optisol-GS™e] ¥ 5 AAT A0 2 WAL 22 7
sk, *Pxﬂ Hyt 220 Qb A& ATt w2
7 ol B F 1205 7 Ale] YR 4 747
454.5 + 311.53 cells/mm’= 720l|4] 14 Afolo] WA
E Zr 74491 1137 +578.94 cells/mm’ 2Tt 401344 2
UTHL QT o] ERE AFEY] ZurS it o= g Aib=

oLt 2 Lol 4] WQl Aulr} o]ot SARsITEIL B 4= 9
oh ol4rel 2uE oz wze) nE ¥ 79 ol 2t
SfolAlg Agsts Aol Batts o 4 stk

Ve o shgelduint 4l geiz
3t Ao Axt Bl AtollA =Wet 9l
o7t £ 7 7o) 44 ATBI PSS Ao|2 1
oA oF=t}1 d}gon, Park et al®y} Cho and Kim*'=
Zhato| Al 2 A ZHaAFEU & B o] Sol|A] 22¢) o] Zbup

AN

Shimazaki et al

Zhatol4] & A Zbap
o] Sfgoizupuct HAx] ek shgick. olejdt 4¢)
Fojziure] A3 FFeiure] HEOR GoRE 4
QgolZate ol 43t Zroldlo] & H O WA Ao
2 =g 4 ek o]¥ AT FolZute] ezt Sa
e RS FaT 80l F9 el 4 glrks A
DS o Selgelznte] el B3 F oj4sd
Aol A7kehe ofnlE Atk & 4 giek | dolt
Z L et 2 & $0) Aol o] 4o
5, B G5 o) Aol ofe o AR A
7} 9ad o Az

TnEL]

1) Barron BA. Penetrating keratoplasty. In: Kaufman HE, Barron BA,
McDonald MB, eds. The Cornea, 2nd ed. Boston: Butterworth-
Heinemann, 1998. chap. 34.

2) KrohnJ, Hevding G. The influence of donor age and cause of death
on corneal endothelial cell density. Acta Ophthalmol Scand
2005;83:746-50.

3) Williams KA, Roder D, Esterman A, et al. Factors predictive of
corneal graft survival. Report from the Australian Corneal Graft
Registry. Ophthalmology 1992;99:403-14.

4) Ha DW, Kim CK, Lee SE, et al. Penet rating keratoplasty results in

oMz zAol OjXl= QIXt-

275 cases. J Korean Ophthalmol Soc 2001;42:20-9.

5) Polack FM. The endothelium of failed corneal grafts. Am J
Ophthalmol 1975;79:251-61.

6) Hu FR, Tsai AC, Wang 1J, Chang SW. Outcomes of penetrating
keratoplasty with imported donor corneas. Cornea 1999;18:182-7.

7) Arndt C, Reese S, Kostlin R. Preservation of canine and feline cor-
neoscleral tissue in Optisol GS. Vet Ophthalmol 2001;4:175-82.

8) Lindstrom RL, Kaufman HE, Skelnik DL, et al. Optisol comeal
storage medium. Am J Ophthalmol 1992;114:345-56.

9) Yang SW, Oh SJ, Kim KS, et al. Morphologic evaluation of cat cor-
neal endothelium preserved in Korean corneal storage medium. J
Korean Ophthalmol Soc 2000;41:2652-62.

10) Komuro A, Hodge DO, Gores GJ, Bourne WM. Cell death during
corneal storage at 4 degrees C. Invest Ophthalmol Vis Sci
1999;40:2827-32.

11) Wagoner MD, Gonnah el-S, Al-Towerki AE; King Khaled Eye
Specialist Hospital Cornea Transplant Study Group. Outcome of
primary adult optical penetrating keratoplasty with imported donor
corneas. Int Ophthalmol 2010;30:127-36.

12) Wang 1J, Hu FR. Effect of shaking of corneal endothelial
preservation. Curr Eye Res 1997;16:1111-8.

13) Stainer GA, Brightbill FS, Calkins B. A comparison of corneal
storage in moist chamber and McCarey-Kaufman medium in hu-
man keratoplasty. Ophthalmology 1981;88:46-9.

14) Filatov VP. Transplantation of cornea from preserved cadaver eyes.
Lancet 1937;1:1395.

15) Kim EC, Lee KT, Kim MS. The changes of corneal endothelium in
rabbit according to storage temperature and enucleation time. J
Korean Ophthalmol Soc 2008;49:309-18.

16) Culbertson WW, Abbott RL, Forster RK. Endothelial cell loss in
penetrating keratoplasty. Ophthalmology 1982;89:600-4.

17) Musch DC, Meyer RF, Sugar A. Predictive factors for endothelial
cell loss after penetrating keratoplasty. Arch Ophthalmol 1993;
111:80-3.

18) Kim SH, Ahn BC, Chung YT. Endothelial cell changes after pene-
trating keratoplasty. J Korean Ophthalmol Soc 2000;41:1124-31.

19) Shimazaki J, Shinozaki N, Shimmura S, et al. Efficacy and safety
of international donor sharing: a single-center, case-controlled
study on corneal transplantation. Transplantation 2004;78:216-20.

20) Park SH, Kim JH, Joo CK. The clinical evaluations of the penetrat-
ing keratoplasty with imported donor corneas. J Korean Ophthalmol
Soc 2005;46:28-34.

21) Cho EY, Kim MS. Penetrating keratoplasty before and after estab-
lishment of Korean network for organ sharing. J Korean Ophthalmol
Soc 2006;47:525-30.

/ww_ophthalmology.org 25



- chstotnbsts|x] 201249 A 53 M M1 &S -

=ABSTRACT=

Analysis of Factors Affecting the Decrease of Endothelial Cell Density
in Imported Donor Corneas

Seok Joon Kong, MD', Kyongjin Cho, MD*, Man Soo Kim, MD, PhD'

Department of Ophthalmology and Visual Science, College of Medicine, The Catholic University of Korea', Seoul, Korea
Department of Ophthalmology, The Dankook University Medical Collegez, Cheonan, Korea

Purpose: To evaluate the difference between corneal endothelial cell density at the moment of preservation and at kerato-
plasty in imported donor corneas and to analyze the correlated factors of the difference.

Methods: Eighty-seven imported corneas were evaluated. Corneal endothelial cell density at the moment of preservation
was obtained from the medical record and was measured just before the keratoplasty. Correlation of the difference in en-
dothelial cell density with the following factors were analyzed; donor sex, donor age, death-to-preservation time, preserva-
tion-to-surgery time, death-to-surgery time, endothelial cell density at the moment of preservation, and preservation period
of the corneas.

Results: All of the corneas showed a decrease in endothelial cell density. Mean endothelial cell density of imported donor
comeas at the moment of preservation and at keratoplasty was 2789 + 235 cells/mm? and 2592 + 254 cells/mm? (p < 0.001),
respectively. Mean endothelial cell loss was 197 + 148 cells/mm?, which was significantly correlated with preservation-to-
surgery time, death-to-surgery time and a preservation period longer than 7 days (p = 0.042, p =0.045, p =0.036, respectively).
Conclusions: Reduced death-to-surgery time and keratoplasty before 7 days of preservation are needed for better surgical
outcome.

J Korean Ophthalmol Soc 2012;53(1):20-26
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