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Astd o g Fofgh ztol7h ¢llth(p=0.726). =& Al 25
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0.856), 2333k o|UA|= AYUE A2 Hdt
9.20 £5.56%, R 11.04 +£4.95%=2 AA] EATH
Zpol= §lAlth(p=0.268). =% A] AMSH TFAQ F
AT QEZELL 134 +69 ml, RS 109 +52 miz

AN FARA Aol GeUTHp=0.521). Ed +4 A £
Y e Ao e AR AlELelA S0l 51, ©]
20] 231, A AHZo] 71, 030 2202 £
o golg 2ol YAHP=0561). & M B
guAAHo] AU MEZFL 1.14 £+ 0.56 logMAR, tf=
& 0.7 £0.57 logMARG oW, T & Ttof] EAISIA o2
fofat 2ol 7k Qe (p=0.002). o= % 718 7 Wy
o 748 L Heh, AUE AERS W Zuhy
A2 UES 2dehs thefdt Za) Aol o] 9l
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Table 1. Demographics of patients

k= Figure 1, Table 304 H= wpe} gk, Ziuhyju)A)

Z W= Wgke & Ao wle] tixolA 11.81+

12.87% 748t a, AWE AZFoA] 12.51 +26.69%
7

asiol £ 2 7] b A ¥ AuhfuAE UE Wl

Table 2. Preoperative diagnoses of corneas in patients with
low endothelial cell density

Diagnosis No. eyes (%)
s/p penetrating keratoplasty 13 46.4
Fuch’s dystrophy 4 14.3
Bullous keratopathy 2 7.1
Corneal ulcer 2 7.1
Unknown corneal opacity 4 14.3
Conjunctival-corneal intraepithelial neoplasia 1 3.6
None 2 7.1
Total 28 100

s/p = status post.
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Figure 1. Comparison of endothelial cell loss after cataract
surgery in the control and low endothelial cell density group
(LECD), very low endothelial cell density group (VLECD)
and very low endothelial cell density after penetrating kerato-
plasty groups (PK-VLECD). There was no statistically sig-
nificant difference between the control and LECD group, and
also between VLECD and PK-VLECD group (p > 0.05).

Variable LECD Control p-value
No. of patients 25 27 -
No. of eyes 28 29 -
Sex (M/F) 9/16 12/15 0.535"
Age (years)

Mean 62.46 + 12.73 63.62 + 11.64 0.804

Range 34-78 44-84
Nuclear opacity 2.21 £1.10 2.31 £1.20 0.726'
Phaco time (s) 91.94 + 87.23 89.24 + 68.97 0.856"
Phaco energy (%) 9.20 £+ 5.56 11.04 + 4.95 0.268"
BSS used (ml) 134 + 69 109 + 52 0.521"
Incision (Sup/Temp) 5/23 7/22 0.561"
Mean Preop BCVA (log MAR) 1.14 + 0.56 0.7 + 0.57 0.002

LECD = patients with low endothelial cell density; Control = patients with normal endothelial cell density; Preop = preoperative; BCVA = best

corrected visual acuity.
Mean + SD.
"Chi-square test; 'Mann-Whitney U-test.
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Table 3. Comparison of endothelial cell changes between the control, low endothelial cell density group (LECD), very low endothe-
lial cell density group (VLECD), and very low endothelial cell density after penetrating keratoplasty groups (PK-VLECD)

Cell density (cells/mm’) Cell size variation coefficient Hexagonality (%) Central corneal thickness (um)
Pre-op Post-op Pre-op Post-op Pre-op Post-op Pre-op Post-op
(mean+SD) (mean+SD) (mean+SD) (mean+SD)  (mean+SD) (mean+SD) (mean+SD)  (mean+SD)
Control 2780.76 £222.24 2445.83 +365.52 3500 +6.53 36.10+7.35 57.97 £1045 5648 +10.51 547.59 +£41.91 563.07 +41.58
LECD 988.44 +403.01 836.70 +£408.21 35.00+£9.46 37.56 +1029 52.33 +15.07 46.74 +14.63 525.33 +57.71 54537 +60.06

VLECD 645.14 £203.63  563.36 + 172.74
PK-VLECD 64740 £210.84 540.50 +190.97

3521 £975 36.64 +£8.67
3550 +£1024 3590 £9.48

5129 £15.05 4571 £12.49 544.36 +62.93 57221 +59.37
4.60 £1445 46.80+£9.25  550.00 +62.27 580.90 +63.49

Control = patients with normal endothelial cell density > 2500/mm’; LECD = patients with low endothelial cell density < 1600/mm’;
VLECD = patients with very low endothelial cell density <1000/mm’; PK-VLECD = patients with very low endothelial cell density

(< 1000/mm’) after penetrating keratoplasty.
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Figure 2. Comparison of cell size variation coefficient (CV)
after cataract surgery in the control and low endothelial cell
density group (LECD), very low endothelial cell density
group (VLECD) and very low endothelial cell density after
penetrating keratoplasty groups (PK-VLECD). There was no
statistically significant difference between the control and
LECD group, and also between VLECD and PK-VLECD
group (p>0.05).
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Figure 3. Comparison of hexagonality (6A) after cataract sur-
gery in the control and low endothelial cell density group
(LECD), very low endothelial cell density group (VLECD)
and very low endothelial cell density after penetrating kerato-
plasty groups (PK-VLECD). There was no statistically sig-
nificant difference between the control and LECD group, and
also between VLECD and PK-VLECD group (p> 0.05).
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Figure 4. Comparison of central corneal thickness (CCT) after
cataract surgery in the control and low endothelial cell density
group (LECD), very low endothelial cell density group
(VLECD) and very low endothelial cell density after penetrating
keratoplasty groups (PK-VLECD). There was no statistically
significant difference between the control and LECD group, and
also between VLECD and PK-VLECD group (p > 0.05).

4+ 34.76% ZHABIAOL}, = 2 7o) 2% A T
IE 1&2] Hgl= BAAQ Afo 1—t— ST E}(p=0 358)
He A Eo| A 5.26 + 32.98% ZHAGIAT
x1u15 /\1]:& % 8.95 + 30.63% z;
ol Aol glgich

/ww_ophthalmology.org 437



|
-
2
rok

(p=0.886). FAALZ o] Q= Apol= ofyglort, 4
= A F S7A2HE 0] Halgo] tiaat<AUE A
<SALE AEZI<HSARe & SAUE AZT9
e 2o, dizto] vls) &AL 5
=7} 1,000/mm” H]gEO.2 W, AZziuto|AldS A
2o oA 24 T YuNE] Al (remodeling)
A Y] 2 (demand)7F B A& & 4 AT
Z} ol A o] S zetTA e M3k= Figure 4, Table 3
= & AT 5 ek Bt SHAN A sa Aol
]3] ) z=oll A 2.90 + 3.38% 271519, AUE HEZE
oA 4.05+£7.41% F7teto, & o 7o & A & Hat
ALY Hehs FAA SR ofu] 3l Abel7E i3l
tH(p=0.993). E3F FAUE A|EFo| A= 5.65 +£9.53%
/I, Asamolds & SAUE AlZZoMe
6.16 £10.95% S7sto], s~ A 5 ST o]
SAACRE ou] Y= Aol (THp=0.977). SA3HA]

o ou] g Hol YA FHZUTAL st <

A ot

A o]q_
DY S I}
HpAEFO B gy & ZPubRLE WA O] QM) AakE Al
Hi, AUz A EZF] 19H(3.6%) o)A Zhafigo] dhayst
AL, o= & F 67ho] Ave THEX| ot Zhuhf
AlazRdo] 2= & 4 SASlHh o] A= & A
A3} et 49lom Zhatol Al & SiRtE & A WulA|
Wl 294 cells/mm’ et 71 9)9] Fx} = Zhulrizo) ut
AE = flot
o F
ofz] zhuko] HE2 glot A AHa} Fof ZufiEol
RS 7o) =2 A

& WA elA] vl
of BV} e W she i ok
we s Su, A7) AYE A= 9 glot
2]

Wy rlo o oz
oh
=

B = A |

ar
AMelo] st ojAd Esk chofst Alejojch Azbs &
U= 7hesh A2 A MR R ZpEgo] dhge urt
7tk WU =edt ZhtolAlS ) Aldeh= W
o AL, T WA ZtukRgo] obx wAelA| eskort
A7} o] B S S F ARG WA THsRE
nejsto] WUz g AATAA Zutol g FAo]
23 & Utk ThAste R Sl 25 Zubrgo) w

Sstotubsts|x| 2011 M 52 B M 4 &-

_}i:‘
o 382
i
iy rr
rl_r 1= Jlﬂ
M
10
™
)
rir
o
T
ot
o,
o
\
>
>
ot
o
o

=

H 2 rQ]FL 1o 1o
LI
H oo
>
e
i it
o
>
r i
X
to
o
lo
ek
£
K
)
st
N
re
N

o
=
RS
_?L
k=l
by

ol
e

N
il
o
1o
[e]
o e

e

7}
ZHIALS. 0] 85 WAl = A] S

[e)
T AEZEO] 19H(3.6%) o)A ZFat
z

By dr ooy £
o@ foh o ol S
— oxl i X

TE R
EA
= o
j_;;‘i&;gﬂ
o o

| ey
o F x o
g =

i

jus)
w
ofN
o>

N
=
T
)
1o
rE
o
K3

7} EAs M o7 oJn| 9 2}
L Holth o]t H|E YN ZYUEs} Gole
o AL 25 o|atd ) AlYad, Hlw
JoAN tr|Hog L zhuby
MR fgz0] THsRRS AAFSFGICH
SR f3lzo] MU fdeo] =¢JH
f 2gat o yxof oJa) Zuhfu A Ato] who]
oA Qe 2T $3ofA Lol o
15,710 2244 27kolur 247) 2, 2l A4
Fhf oA ze] 2 H& " A geolo] ofs) P4
2 Qlgt Zhahf a4z o] 21 Al 4" So zhat
o] elo] Hk. o]e]gh Zhhf Az o] &4t
< Zo]7] Y8 A
olf e AlE, P

el

k2
= 1
o 20

o oN
1-)]4 ﬂJIO <,
T g 8
e
g Wody T
- 1B
R go L g
<L i‘j j%
i
2
X

BN

o
|o
Hl

o [Ir

o
N

B
b

g

-

N

L ot o
o
Ju

>
e
¢

¢

o ol
STl
_]O
lo
1T
it
i)
Y
o
1o
u
~N,
e
ey

Sk T3t 83t =89 d3ely)|, El-Moatassem Kotb

and Gamil "& 7]2&0] HFegAle] Hlste] FUREY

[e]

o

SR WS Th S W 44

ol glof Ttk EABHA Hfol7t Glo 2

o &I 47177} Weke Avteta 3
A,

SHAlE 2 Aol AUE AET o] S F Zuhy

SA|ES o] g Bk 1S 7hkstA) wolof . 3

438 www_ophthalmology.org



027 9 : HUTHE Hxte| WNLS o

th g A oFASA](2 logMAR) el Ao =& & 0.04
(2 logMAR) & n|eFsl 7|40 glglot, A zahjju)A|
3L 7] s Aol wh T v ekt /\]Eﬂq Ao x|t B }#
TE olF o A= U *g%

235 ZlufRZo] 2]4Y 7

42| o] ulmA A
£ shupe) Aelo] & 4

o =
N
N
=
=
=
>
—1

UE NELT AEZuo|ld )
1,000/mm’ w]gto] 9l x_%«wowg T FAUE A=
+ e & A & ZFhfaA o] Uis, A|Z2TEHZ ] ol
A, SAAEHE, FAZEEA 2 Wl SA 8z
%ﬂ A= Zo|7} Yk ol A7 3
5% olate] At Aol Wiyl &S AlFEhE T
Hogl Zuhfjul A x| Wby} HEzabol&g v
FAUE AZFT v)55he AAR T U A
FolAe & FAUEA| LA =& o]|F Zuhfju]y
e, SN S, SAZUEA ) wslEe] o &
w9 E} HJraW Hl% % 2o R FOlalAl= A
W AE der) o Ao
lﬂAkﬂioﬂ EH?SP o l o 2 7sAS g%l 7
I Aoz Azt
RS- o] 29] ZHu oA = thE 7}
2} Y E A Z 7] 50] "oj7l K} o
< Ayl A4 So Foksh Aleilo] & A Qlek' Ing
et al''o] oJalH AZztato| A% 5 1 Fof| oF 33%9] 7}
34 T 52%, 5d Zo=
“0] Bk E3 Kim et al®
o ojsld ﬁ%@ﬂﬂ@ = 30Y, 671l 22 25%,
30%2] Zrar & £AE0] Bl H H} et EA Zhat
ju |

52
lo

i

ooy ooy W _1;
1ot o ;E o &7

L

Ol}ll
Ji

O

i)

©

>
N
mlo

T

d

=
>
r {
=2
1o

ol
J

&

[~

H
|

7)
A = oBe] Zhb N Z7kR] AR E S-S ke
S g8 Zla

)
74 A Bt P 2t S

o g KA Sl slvldink B4 S s

wwi et e @
7] QA Aapuke B 4
ol sick qu 240 A AR ol A%
Ao} 715 BEGThs olle] AT AuEre me
o o, el sk Rerd S Wy b
F AN A Az UEg b Sta Hlaske] 4
2t ARk ojmAo] djat 37} Ak Baske ) A
Zrgek. ST M R A e ZahfalaEe]
F B 3AY A=Y gshEcke Ba” §
& g 'IH & F 2719 Zerluinz )59 Bt 4
7159l Ztah A E 4 RS oSSk o B3 O F
QUTFEL BhZTE EAE s M| B e
Ak 25 29 40 WgE Antels dof] 1 @
A7E glek. kel A 2718 WA )% o) w2t
o] golxk ol 919 ZAEe] AA Bl FA A2l
Ztar e S Aes] west 2aE 7R Aol ek AR
= o] A SgAe) St YRS 7HH I 3
ZHeks dlell A7 Qe 2 kel W 34st A
= WAE B o] o FEAS 3 olgef 53
et W et Beo] Aw Ao|= Ao g

>1

T o

s 4
ARH O WA LR 54770 W w
l o RAE
olste] B|7st Ao Wy 442 16@6}&1 garelol HI
Z

75 Hgke] Aol

/ww ophthalmology.org 439



- Cfstetatets|x| 2011 X 52 B M 4 & -

7)
wo] 2 Zloltt. ol A w2, A=z u|A|E
Ao A Wto] Hste] Aeke) o] TAE u, of
GApolA ZAetol et WiWE sae A A AJDA,
o™ MW e AR o] F ZupiFo] TS
= Aol Aoldes AHshe A4 selE AT A
AAE Ashe dloll =52 & & 3ol o7t At A
7Rk, 5 @AY Ao R Ml aas s
stEt, of & Wl & VIS LT o 7] 5
=5 AR AJAL MWE et ek Foll e A
AAE AT = e shute] A7t & 5= Qs Jle=
Attt A= WA 2 gl A Wil e 5 Uy
Az Heks WU e DAY HIe &8 74
= 95laL, HuAle] 7] e Bl sl 5
A7 WS S A9 o 28sitt sl

Tl

1) Lundstrom M, Stenevi U, Thorburn W. The Swedish National
Cataract Register: A 9-year review. Acta Ophthalmol Scand 2002;
80:248-57.

2) Edwards M, Rehman S, Hood A, et al. Discharging routine phacoe-
mulsification patients at one week. Eye 1997;11: 850-3.

3) Walkow T, Anders N, Klebe S. Endothelial cell loss after phacoe-
mulsification: relation to preoperative and intraoperative parameters.
J Cataract Refract Surg 2000;26:727-32.

4) Yee RW, Matsuda M, Schultz RO, Edelhauser HF. Changes in the
normal corneal endothelial cellular pattern as a function of age.
Curr Eye Res 1985;4:671-8.

5) Bourne WM, Kaufman HE. Cataract extraction and the corneal
endothelium. Am J Ophthalmol 1976;82:44-7.

6) Kim EC, Kim MS. A comparison of endothelial cell loss after pha-
coemulsification in penetrating keratoplasty patients and normal
patients. Cornea 2010;29:510-5.

7) Liu Y, Zeng M, Liu X, et al. Torsional mode versus conventional
ultrasound mode phacoemulsification: randomized comparative
clinical study. J Cataract Refract Surg 2007;33:287-92.

8) Kelman CD. Phaco-emulsification and aspiration. A new techni-
que of cataract removal. A preliminary report. Am J Ophthalmol

1967;64:23-35.
9) Polack FM, Sugar A. The phacoemulsification procedure. III.
Corneal complications. Invest Ophthalmol Vis Sci 1977;16:39-46.

10) Gwin RM, Warren JK, Samuelson DA, Gum GG. Effects of pha-
coemulsification and extracapsular lens removal on corneal thick-
ness and endothelial cell density in the dog. Invest Ophthalmol Vis
Sci 1983;24:227-36.

11) Sugar A, Fetherolf EC, Lin LL, et al. Endothelial cell loss from in-
traocular lens insertion. Ophthalmology 1978;85:394-9.

12) Kaufman HE, Katz JI. Endothelial change from intraocular lens
insertion. Invest Ophthalmol Vis Sci 1976;15:996-1000.

13) Edelhauser HF, Van Horn DL, Hyndiuk RA, Schultz RO.
Intracapsular irrigating solutions, their effect on the corneal
endothelium. Arch Ophthalmol 1975;93:648-57.

14) Kim HJ, Kim JH, Lee DH. Endothelial cell damage in micro-
incison cataract surgery and coaxial phacoemulsification. J Korean
Ophthalmol Soc 2007;48:19-26.

15) Ali6 J, Rodriguez-Prats JL, Galal A, Ramzy M. Outcomes of mi-
croincision cataract surgery versus coaxial phacoemulsification.
Ophthalmology 2005;112:1997-2003.

16) Barrett G, Constable 1J. Corneal endothelial loss with new intra-
ocular lenses. Am J Ophthalmol 1984;98:157-65.

17) El-Moatassem Kotb AM, Gamil MM. Torsional mode phacoe-
mulsification: effective, safe cataract surgery technique of the
future. Middle East Afr J Ophthalmol 2010;17:69-73.

18) Armitage WJ, Dick AD, Bourne WM. Predicting endothelial cell
loss and long-term corneal graft survival. Invest Ophthalmol Vis
Sci 2003;44:3326-31.

19) Ing JJ, Ing HH, Nelson LR, et al. Ten-year postoperative results of
penetrating keratoplasty. Ophthalmology 1998;105:1855-65.

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

21) Wilson SE, Bourne WM, Maguire LJ, et al. Aqueous humor com-
position in Fuchs' dystrophy. Invest Ophthalmol Vis Sci 1989;30:
449-53.

22) Giasson CJ, Solomon LD, Polse KA. Morphometry of corneal en-
dothelium in patients with corneal guttata. Ophthalmology 2007;
114:1469-75.

23) Sugar J, Mitchelson J, Kraff M. The effect of phacoemulsification
on corneal endothelial cell density. Arch Ophthalmol 1978;96:446-8.

24) Matsuda M, Miyake K, Inaba M. Long-term corneal endothelial
changes after intraocular lens implantation. Am J Ophthalmol
1988;105:248-52.

25) Schultz RO, Glasser DB, Matsuda M, et al. Response of the cor-
neal endothelium to cataract surgery. Arch Ophthalmol 1986;
104:1164-9.

440 www_ophthalmology.org



—-0|23 2| : MUZMZ Ao WIjFra B2} -

=ABSTRACT=

Short-Term Outcome of Cataract Surgery Using Torsional-Mode
Phacoemulsification for Patients with Low Endothelial Cell Counts

Eun Kyoung Lee, MD,"* Mee Kum Kim, MD, PhD,"* Won Ryang Wee, MD, PhD,"” Jin Hak Lee, MD, PhD"”

Department of Ophthalmology, Seoul National University College ofMedicineI, Seoul, Korea
Seoul Artificial Eye Center, Seoul National University Hospital Clinical Research Institute’, Seoul, Korea
Department of Ophthalmology, Bundang Seoul National University Hospitaﬁ, Seongnam, Korea

Purpose: To evaluate the short-term clinical outcome of cataract surgery using torsional mode phacoemulsification for pa-
tients with low endothelial cell density.

Methods: Fifty-seven eyes of 52 patients who underwent torsional phacoemulsification and intraocular lens insertion were
included in the present study. Patients were divided into groups according to endothelial cell density (ECD). The control
group was comprised of patients with more than 2500/mm? of ECD and was compared with the low ECD group (LECD)
comprised of patients with less than 1600/mm? of ECD. The LECD group was further divided into a very low ECD group
(VLECD) comprised of patients with less than 1000/mm? of ECD, and a PK-VLECD group comprised of patients with less
than 1000/mm? of ECD after penetrating keratoplasty. Measurement of ECD, cell-size variation coefficient, hexagonality,
and central corneal thickness were performed preoperatively and 1 month after surgery.

Results: The only one patient who had undergone penetrating keratoplasty with remaining low endothelial density and
grade 4 nuclear sclerosis developed overt corneal edema after cataract surgery. No statistically significant differences in
the change of endothelial cell characteristics and central corneal thickness before and after surgery were observed be-
tween the control and LECD group and between the VLECD and PK-VLECD group.

Conclusions: Even in patients with low ECD, torsional phacoemulsification appears to have a similar effect on the
short-term change of endothelial cells, suggesting cataract surgery can be conducted with a staged approach when the
density of nucleus is moderate or less dense.

J Korean Ophthalmol Soc 2011;52(4):434-441

Key Words: Cataract surgery, Corneal endothelial cell, Fuch’s dystrophy, Penetrating keratoplasty, Torsional phacoe-
mulsification
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