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(Table 2).

Table 1. Mean endothelial cell density obtained by a specular microscope and a confocal microscope (Mean+SD)

Subject Specular*

Confocal-A”

Confocal-M* p-value

Endothlial cell density (cell/mm’) 2797.6+354.14

2973.1£284.24

2861.9+335.58 0.241°

* Specular=specular microscope;

" Confocal-A=confocal microscope with automatic count by NAVIS;

¥ Confocal-M=confocal

microscope with manual correction by NAVIS; ¥ Tested by ANOVA.
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Table 2. Inversion of hexagonality by the specular microscope and pleomorphism by the confocal microscope (Mean+SD)

Subject Specular* Confocal-A" Confocal-M* p-value§

Pleomorphism (%)"! 56.14+11.61 54.77413.93 55.24+12.65 0.147

* Specular=specular microscope; " Confocal-A=confocal microscope with automatic count by NAVIS; ¥ Confocal-M=confocal
microscope with manual correction by NAVIS; ¥ Tested by ANOVA; I Pleomorphism=measured by the ConfoScan 4 Confocal
microscopy and compared with inversion of heagonality of Konan Robo Specular microscopy.

Table 3. Mean coefficient of variation by specular microscope and the polymegathism by confocal microscope (MeantSD)

Subject Specular* Confocal-A" Confocal-M* p-value§

Polymegathism (%)" 33.71£6.57 39.68+9.76 38.75+7.68 0.005

* Specular=specular microscope; " Confocal-A=confocal microscope with automatic count by NAVIS; * Confocal-M=confocal
microscope with manual correction by NAVIS; ¥ Tested by ANOVA; i Polymegathism=measured by the ConfoScan 4 Confocal
microscopy and compared with coefficient of variation of Konan Robo Specular microscopy.

Table 4. p-value of post-hoc test for multiple comparision of coefficient of variation by specular microscope and the
polymegathism by confocal microscope (tested by Scheffe’s method)

Specular* Confocal-A" Confocal-M*
Specular* - 0.003 0.34
Confocal-A" 0.003 - 0.01
Confocal-M* 0.34 0.01

* Specular=specular microscopy; " Confocal-A=confocal microscope with automatic count by NAVIS; * Confocal-M=confocal
microscope with manual correction by NAVIS; " Polymegathism=measured by the ConfoScan 4 Confocal microscopy and

compared with coefficient of variation of Konan Robo Specular microscopy.

AHdn g o AEHA HolAlF= 33.71%, FLx olg)3t Zehyu] PrIE 9)ste] o) 7HA] AALET
AN A A=A ol Ae] MEChAAL 39 68%. 7 AdE oy 4 WdHoz ARdu A o
TExFEVEY FEEATHAMY AETHAE S WAl g7p7F Hado g 2olal gty vl
38.75%0°1%oH, TAHLE {3t zolE EHATH o MtE ZY2HHU AL oo vt RFEo] @
(p=0.005)(Table 3). oA AWt Zure] HH =S yBAo T =HI 4 9)

Hazt Fo1gE9 /\}? e AN 23, s9x i, Z1AC 2gE Z2aW S o] Este] AsoE HA
HEW Y AesSATHE ol &3 Alxrgaye] Fd 7FsstH, E8o] A Zutell M= WA E H7brt 7t
2PV FERAAYHAMY Axnads 4 S AR 7L Qo] I AREo] AR Sk &
7ol Alxud WolAge} nlaste] foJ3k 2fol S A 28y 2 A3 4 1 1A WA 2L =7}
H3H(Table 4). AESAYHeRE AR A sdxAddrEe 2%

o} Hhm}@] Hof* e ﬂim WrtEte Hise]
n| &t Ao, AefgA e JHE HoFe AEUdY
2 AzTEdd deirs 2 Aol gk vl @A

A e Az £ FdZdA o 3,000~ 7R Felld AFE v glong B ATE A8
3.5007)/mm*A=2 =] Hi ZT“HJMH]:EA w0t
AeE oF 3,02571/mm’elH, o *é% Uetl= Mg AN EEEE 435 WA 250
ZAPA L] AR HIEE 6T%AE, HHES L}E}qq QoI AN Ao s =3 AS9) %mx?gdu]
= A AEEA e HeAgE 0.2972 <A 3 4o A5 3 RS vlaste] SA 4
o, yol7t E9A ATUEE HH FasH HF_ OF {3 Ao} Aoy I FA= Rt STk
g8 g Sk s FFE Belg AFS Bnygon ol AsZAUH A Y EUE

1574



— CHetet st ol Xl 20084 Ml 49 & XM

oﬁ

An|F o= F43% F9Eth A HrbEdokar
P Imre and Nagymllhaly%«] A Aye} o
.28y Klais et al?'e 23] WA x5
#37}Q‘ii‘:hu B3ttt oleldt WA
J3te A1 WIAl2 BAE Aoz 4
el 71908 AeE At ZHhf a4
AEo 2 EAske o] T2 o] Jd
0}133} HdA ol &gk Azpe} vlszatA Al
Q3= A¢e B2, AAsEAZE a0
r AAIE AEs] AASHA X)) wEolga
o 99 =i e AsSFUHEY F5RA
o< Agsithe 2798 Hgsaach ! 59
An|7F o] At gzt FHEN e SAFAE
?-_FJ A= o ztol7F YehA] o, Al
HAT A dAn F ] MEE A HolAleE 793 2}
o]2 Bl Kitzmann et al& TIxHEARZEY
AESANHY A5 WHAEEES} AERoATE
HefFrteta SAPAER S-S FAaGrtete Bl
UATH oY, olF FERAWHOZ A5
A ZYE, S2EAzHE 2 AZHo| AT e
Aoz S43 Aol Z 2polE HolA] etrhal B
SFATE > MAEA AWdn| Al o3 Zehfy) A%
i}ﬂ A3 AdAdo] =2 whH AEZHolAS
Bl &2 A 4o] Bolthe Bus® 1
]Fﬂﬂ Qo] @afo] QdRlo g 2848 4
2 FYxAAnBAME AEAF A5 Ao
T7F Bositha Azbeitt gk FHEr
o= 757 o]/ ME7} % Q?l R
galM Basithe maslt gloy §Y
7ol G A tisiAe ofF dAFH vt
ey U U]ﬁ«] 35 157 o)< W
1 A7) SlEide oy He 297 JFEA
to] o i&ﬂ—‘f—_ AAAR FAI7E o] FE=
Aav Ao YWAd 2o YIAxe B 7]F
| aH& WHAEZZE 5071 o]l B
£ 712 AAstd E4st9 oy AFEHE A
32 ol digk £ A7t 288 AoE AzEn
a8 AHAv 7 F s Av A 9FS
corners method = dlo|y &R wA =21
ol g&ate] B3R ks W= Aol7k ot B
gk 735 Fog Abol7h HEEA gkthar ®Halvt
—Ur22 ojm|zA] BAolgh= GAE Tl AAHoL s}
1202 WAFE o5 wZAA A7 A3
tel o 74gske Aol7] wiel ek eglo]
AE doha A4t AHEY R FdS AR
AAE = HA WA XY AF7E FIxHE

B
r°"

?1.
ol
32
kY

o g og
of [H 1S 1‘>’
o> l'ﬂ-‘ N

rulo

23] m[m 1~4

BeoZ @ S Bd M Re O NN

o pE X & gd ¥2
&grﬁgmﬂ

_g

|

Of

L (- ol

4 [n i jﬁ fr
ofh l-O
g

A 12 —1)1'

O_>|".14—‘—|—‘

Od
Z
2
—%
9

)
=

_l

20 BUond o £ ¥ W to gE K

B o
8]
_1_4 [

=
o2
-

O:

=2,
>
I'N

FiN

coh o Mt (0O o o N
ol bt 3:2 m[o o 1N

e

N l'11>‘

o
B I

| 10 = —

Pl o] Al Az 75 35/0ET AM &
AH O R fF-840] Fojxithal AeH o] & AFIM=
o5 QS AP B As skt e
9 WS AW Ao F& A= Fasia A
7hste ok s Ao dds 7h @A=o
AEE B 93 FoA7t 2o Aoz AR,

Aoz FUxFAVEL HIHEY AHdvF
of s As HEsted PARsnz oA =AtE
T 5 glom HApzto] e deje @l 8l
o HE3 Bo] Hof shate} Aol HojA Zte
FEold £5, ¥ wlo] wdshA] L ARl
Bl Wy F7Pt rhsstal vidg A o2 e
= SR AFS 5 glow, ZepduiE by

ﬁ} a2y AETEAde] 7
of ZHduge] 2Axte} vlauste] Fo)gk
01113 Ei% e s AAJNY 223
2o faHom FS ashke Auhlald
5ol ¥ fr&stA AR

o
o
ox
e
r%

1) Maurice DM. The cornea and sclera. In : Davson H, ed. The
eye, 3rd ed. New York: Academic Press, 1984; v. 1b. chap. 2.

2) Burns RR, Bourne WM, Brubaker RF. Endothelial function in
patients with cornea guttata. Invest Ophthalmol Vis Sci 1981;
20:77-85.

3) Mustonen RK, McDonald MB, Srivannaboon S, et al. In vivo
confocal microscopy of Fuchs’ dystrophy. Cornea 1998;17:493
-503.

4) Wilson SE, Bourne WM. Fuchs’ dystrophy. Cornea 1988;7:2
-18.

5) Adamis AP, Filatov V, Tripathi BJ, et al. Fuchs’ endothelial
dystrophy of the cornea. Surv Ophthalmol 1993;38:149-68.

6) Mandell RB, Polse KA, Brand RJ, et al. Corneal hydration
control in Fuchs’ dystrophy. Invest Ophthalmol Vis Sci
1989;30:845-52.

7) Wilson SE, Bourne WM, O’Brien PC, Brubaker RF.
Endothelial function and aqueous humor flow rate in patients
with Fuchs’ dystrophy. Am J Ophthalmol 1988;106:270-8.

8) Kaufman HE, Capella JA, Robbins JE. The human corneal
endothelium. Am J Ophthalmol 1966;61:835-841.

1575



—olny 9 : Ho

re

ola

9) Capella JA. The pathology of corneal endothelium. Ann
Ophthalmol 1971;3:397-400.

10) Maurice DM. Cellular membrane activity in the corneal
endothelium of the intact eye. Experientia 1968;21:1094-5.
11) Chiou AG, Kaufman SC, Beuerman RW, et al. Confocal
microscopy in cornea guttata and Fuchs’ endothelial dystrophy.

Br J Ophthalmol 1999;83:185-9.

12) Hara M, Morishige N, Chikama T, Nishida T. Comparion of
confocal biomicroscopy and noncontact specular microscopy
for evaluation of the corneal endothelium. Cornea 2003;22:
512-5.

13) Hernandez-Quintela E, Mayer F, Dighiero R, et al. Confocal
microscopy of cystic disorder of corneal epithelium. Ophthal
mology 1998;105:631-6.

14) Lemp MA, Dilly PN, Boyde A. Tandem scanning (confocal)
microscopy of the full thickness cornea. Cornea 1985-6;4:205
9.

15) Cavanagh HD, Petroll WM, Alizadeh H, et al. Clinical and
diagnostic use of in vivo confocal microscopy in patients with
corneal disease. Ophthalmology 1993;100:1444-54.

16) Sheppard C Jr, Wilson T. The theory of the direct-view
confocal microscope. J Microsc 1981;124:107-17.

17) Brakenhoff GJ, van der Voort HT, van Spronsen EA,
Nanninga N. Three-dimensional imaging by confocal scanning

1576

i

t

SaxH o W@ —

re

ola

fluorescence microscopy. Ann N Y Acad Sci 1986;483:
416-27.

18) Wiegard W, Thaer AA, Kroll P, et al. Optical sectioning of
the cornea with a new confocal in vivo slit-scanning video
microscope. Ophthalmology 1995;102:568-75.

19) Kim SY, Korea external eye disease society. Cornea, 2nd ed.
Seoul: Ilchogak, 2006;34.

20) Imre L, Nagymihaly A. Reliability and reproducibility of
corneal endothelial analysis by in vivo confocal microscopy.
Graefes Arch Clin Exp Ophthalmol 2001;239:356-60.

21) Klais CM, Biihren J, Kohnen T. Comparision of endothelial
cell count using confocal and contat specular microscopy.
Ophthalmologica 2003;217:99-103.

22) Kitzmann AS, Winter EJ,Nau CB, et al. Comparision of
corneal endothelial cell images from a noncontact specular
microscope and a scanning confocal microscope. Cornea
2005;24:980-4.

23) Kim KS, Park YK. Assessment of the reproducibility of
corneal endothelial cell analysis with non contact specular
microscope. J Korean Ophthalmol Soc 1998;39:70-5.

24) Waring GO III, Bourne WM, Edelhauser HF, Kenyon KR. The
corneal endothelium; normal and pathologic structure and
function. Ophthalmology 1982;89:531-90.



— ettt ol X1 20084 M 49 & M 10 = —

=ABSTRACT=

Comparision of Specular Microscopy and Confocal Microscopy for
Evaluation of Comeal Endothelium

Ja Young Lee, M.D.l, Seung Hee Lee, M.D.l,
Sung Kun Chung, M.D., Ph.D.Z, Hae Young Lee, M.D.!

Department of Ophthalmology, Seoul Adventist Hospital', Seoul, Korea
Department of Ophthalmology, St. Mary’s Hospital, College of Medicine, The Catholic University ofKoreaZ, Seoul, Korea

Purpose: To compare the results of specular microscopy with those of confocal microscopy for evaluation of
corneal endothelium.

Methods: We evaluated corneal endothelium of 103 eyes using specular microscopy and confocal microscopy.
Endothelial cell density, pleomorphism, and polymegathism were measured using a ConfoScan 4 confocal
microscope (Nidek Technologies, Inc, Greensborom, NC) in automatic mode before and after manual
correction. Also, endothelial cell density, the coefficient of variation, and hexagonality were evaluated using
a Konan Noncon Robo-8400 noncontact specular microscope (Konan medical, Inc., Hyogo, Japan). The
differences in results obtained from these various methods were compared: polymegathism was compared with
the coefficient of variation, and pleomorphism was compared with the inversion of hexagonality.

Results: Endothelial cell density as measured by specular microscopy, the automatic count of confocal
microscopy, and the manual correction for confocal microscopy were 2797.6+354.14 cell/mm’, 2973.1+284.24
cel/mm’, and 2861.9+335.58 cell/mm’, respectively. Results of each test was not significantly different
(p=0.241). The inversion of hexagonality, pleomorphism of automatically counted confocal microscopy, and
the pleomorphism of manually corrected confocal microscopy were 56.14%, 54.77%, and 55.24%,
respectively. Results of each test were not significantly different (p=0.147).The coefficient of variation of
specular microscopy, the polymegathism of automatic counted confocal microscopy, and the polymegathism
of manually corrected confocal microscopy were 33.71%, 39.68%, and 38.75%, respectively. Results of each
test were significantly different (p=0.005).

Conclusions: Endothelial cell density and polymegathism as measured by confocal microscopy were not
different from specular microscopy results in normal corneas, but these results were different for
polymegathism in normal corneas. Therefore, manual correction for endothelial cell evaluation of a disordered
cornea should be performed during clinical evaluation.

J Korean Ophthalmol Soc 2008;49(10):1572-1577

Key Words: Confocal microscopy, Corneal endothelium, Specular microscopy
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