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[ Abstract] Objective To assess the changes in corneal endothelial cell density ( CD) and morphology in
patients with different stages of keratoconus. Methods A cross-sectional study was conducted. One hundred and

nineteen patients ( 199 eyes) with keratoconus who were treated in the Eye Hospital of Shandong First Medical
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University were included from March 2018 to October 2021. The 199 eyes were classified into stage [ (111 eyes of
58 cases) ,stage Il (41 eyes of 30 cases),stage Il (47 eyes of 31 cases) keratoconus groups according to the
Amsler-Krumeich classification. In the same period,25 age- and sex-matched healthy subjects (50 eyes) were enrolled
as a normal control group. Corneal topography and anterior segment parameters such as keratometry ( K), central
corneal thickness (CCT) ,thinnest corneal thickness ( TCT) , anterior chamber depth ( ACD) , corneal diameter and
corneal volume were obtained by Pentacam 3-dimensional anterior segment imaging and analysis system. The corneal
endothelial CD,percentage of hexagonal cells (6A) ,average cell area (AVE) ,maximum cell area (MAX) ,minimum
cell area (MIN) , cell area standard deviation (SD) and cell area coefficient of variation (CV) in the central area
were evaluated by non-contact specular microscopy. The correlation between corneal endothelial CD, morphological
parameters and corneal topographic parameters was analyzed by Spearman rank correlation. This study adhered to the
Declaration of Helsinki and was approved by the Ethics Committee of Shandong Eye Hospital (No. SDSYKYY201803).
All patients were informed of the purpose and methods of the study and written informed consent was obtained before
any medical examination. Results The CD of the normal control group and stage 1, Il , l keratoconus groups
was 2 941(2 809,3 072),2 825(2 667,3 030),2 747 (2 475,2903) and 2 370(2 142,2 525) cells/mm’,
respectively. With the progression of keratoconus,CD decreased gradually,and there was a significant difference in CD
among the four groups (H =94.862,P<0.001). There were significant differences in CV and 6A among the four
groups (H=45.018,20.421;both at P<0.001).CV was significantly higher in stage Ill keratoconus group than that
of the normal control group and stage | and II keratoconus groups and 6A was significantly lower in stage [l
keratoconus group than that of the normal control group and stage | keratoconus group (all at P<0.05). With the
progression of keratoconus, MAX, MIN, AVE and SD increased gradually, and there were significant differences in
MAX,MIN,AVE and SD among the four groups ( H=37.905,32.437,110. 182,72. 941 ;all at P<0.001). MAX and
MIN in stage Il keratoconus group were significantly higher than those in stage [ keratoconus groups and normal
control group (all at P<0.05). AVE and SD in stage Il keratoconus group were significantly higher than those in
normal control group and stage | and II keratoconus groups (all at P<0.05). In patients with keratoconus,CD was
moderately positively correlated with CCT (r,=0.47,P<0.001) and TCT (r,=0.53,P<0.001) ,and was moderately
negatively correlated with mean keratometry (Km) (r =-0.59,P<0.001).6A was weakly positively correlated with
CCT (r,=0.18,P=0.01) and TCT (r,=0.22,P=0.002), and was weakly negatively correlated with Km
(r,=-0.32, P<0.001). CV was weakly negatively correlated with CCT (r,=-0.35, P <0.001) and TCT
(r,=-0.37,P<0.001), and was moderately positively correlated with Km (r ,=0.48,P<0.001). There was no
correlation between CD, CV,6A and ACD, or corneal volume. Conclusions As the keratoconus progresses, the
cornea protrudes and becomes thinner with CD and 6A decreasing while CV increasing. Corneal topographic
parameters are related to the density and morphology of corneal endothelial cells.
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Table 1 Comparison of demographics among various groups

A3 wgemy ke veva BeVAS i
(HB/4,n)  [M(Q,,0:),%] [M(Q,,Q;),LogMAR] [M(Q,,0Q;),LogMAR]  [M(Q,,Q;),mmHg]
IE ) HR 21 25/ 50 19/ 6 18(18,22) 0.40(0.40,0.52) 0.00(0.00,0.00) 16(14,17)
T 303 I8 4 £ i 281 58/111 40/18 20(17,23) 0.60(0.52,0.92)* 0.05(0.00,0.22)* 15(13,17)"
04979 [52] 4: ff BoE 2L 30/ 41 19/11 22(20,26) 0.92(0.52,1.16)™ 0.30(0.22,0.46)™ 15(13,16)"°
100 389 1580 4 £ J 2 31/ 47 23/ 9 22(16,28) 1.10(0.92,1.70)** 0.52(0.40,0.82) ™" 14(13,15)"°
H/X® {4 1.131 7.255 78.973 150. 701 35. 857
P 0.770 0. 064 <0.001 <0.001 <0. 001

T+ 5 E U 2 B, P < 0,055 5 T IE 4 A I 4 He " P < 0. 055 5 I 00 IR0 HE £ 4L L 4, “P< 0. 05 (#:X7 #0385 + : Kruskal-Wallis H 4 55,

Wilcoxon £§ 58K %:) UCVABRIRYLJ1; BCVA : B i iE AL

1 mmHg=0. 133 kPa

Note : Compared with respective normal control group,*P<0. 05; compared with respective stage | keratoconus group,”P<0. 05 ; compared with respective

stage I keratoconus group, ‘P<0. 05 (#;)(2 test; * : Kruskal-Wallis H test, Wilcoxon signed-rank test)

visual acuity 1 mmHg=0. 133 kPa

UCVA : uncorrected visual acuity; BCVA :best corrected
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r.=0.53,P <0.001), 5 Km 5 ot 2 F B 7 H] %
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Table 2 Comparison of corneal endothelial parameters among different groups [ M (Q,,0,) ]

4151 IR %k CD(A4/mm*) CV(%) 6A(%) MAX (pm*) MIN( pm®) AVE(pm’) SD

IE 3 0 4 50 2941(2809,3072) 39(36,44) 53(49,58) 833(733, 932) 98( 80,120) 340(326, 356) 137(122,160)

[ Mg mBEa 111 2 825(2 667,3 030) 37(33,41) 54(46,61) 842(704, 971) 121(103,134)"  346(327,3 705) 132(116,148)

1497 10 oy 4 41 2747(2475,2903)*"  40(36,44)" 50(48,55) 901(774,1015)*  108( 88,156)"  392(354, 409)*"  147(130,172)"
IWIEHE AR 47 2370(2 142,2525)™  44(40,48)™  45(42,55)"" 1032(902,1143)*™  130(110,147)*"  422(395, 471)"™ 190(164,213)""
H 1l 94. 862 45.018 20. 421 37.905 32.437 110. 182 72. 941

Pl <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

e 5 IE A R4 B, P<0. 055 5 T M9 B4 fA S g, " P< 0. 05 5 TT 3 I90 4 ff E 41 L 42

“P<0. 05 ( Kruskal-Wallis H #; % , Wilcoxon £ 5k #6

5)  CD 2 M % B CV 2 40 1 AR S R 805 6A 75 A TR Al IS 1Y) 77 0 55 MAXC e K A0 M 1T L 5 MUIN - /D 240 D 1 AL 5 AVEE S 3% 200 g 17 B 5 SD - 41 g 1 AR

PR 2

Note : Compared with respective normal control group,*P<0. 05;compared with respective stage [ keratoconus group,”P<0. 05; compared with respective

stage I keratoconus group,“P<0.05 (Kruskal-Wallis H test, Wilcoxon signed-rank test)

CD; cell density; CV; coefficient of variation; 6A ; percentage of

hexagonal cells; MAX : maximum cell area; MIN : minimum cell area; AVE ;average cell area;SD:cell area standard deviation
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Table 3 Comparison of corneal topography parameters among different groups [ M(Q0,,0,) ]
2 5 R %k CCT(pum) ACD(mm) FBEE AR (mm) AR (mm*)
TE I 4 50 550(537,574) 3.22(3.13,3.30) 11.70(11.50,11.90) 61.70(59.70,64.20)
T30 [ 4 o B2 111 496(474,518)" 3.77(3.46,3.91)" 11.90(11.60,12.20) 59.00(57.30,61.50)"
11 307 1520 4 £ s 20 41 469 (440 ,484) ™ 3.88(3.68,4.09)™ 11.90(11.55,12.15) 58.70(56.25,60.55)"
I 349 153 4 ) Mo 4 47 417(395,458) ™ 3.94(3.61,4.17)™ 11.80(11.50,12.10) 58.60(55.10,61.50)"
H Al 146. 454 103. 136 7.292 22.797
Py <0.001 <0.001 0. 063 <0. 001

%)

stage I keratoconus group, “P<0.05 (Kruskal-Wallis H test, Wilcoxon signed-rank test)

55 97H1 6 (r.=-0.32,P<0.001) ;CV 5 CCT TCT ¥y 5
596K 5 (r.=—0. 35, P<0. 001 ;r, =

5 Km 5 e 25 8 B E A 56 (r, = 0.48, P <0.001)
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n=199) A:Km 15 CD 24 H% r =-0.59,P<0.001 B:Km 15 6A RMAMAE r =-0.32,
P<0.001 C:Km 5 CV ®2EIEMX 7. =0.48,P<0.001 D.CCT 5 CD EIEMK r =0.47,
P<0.001 E.CCT 5 6A B2iEHH% r =0.18,P=0.01 F.CCT 5 CV itk r =-0.35,
P<0.001 G:TCT 5 CD 2FEAMX r,=0.53,P<0.001 H:TCT 5 6A B FEAME r =0.22,
P=0.002 I.TCT 5 CV EHAA% r =-0.37,P<0.001 CD: 405 i ; Km: 53 £ i ) %5 CV .

T <5 0 X HEAUA [, P<0. 055 5 T 301 B0 41k £ IEE2H LU, " P < 0. 055 5 10 J07 [B0 4k #f3 5 401 e 42, ©P < 0. 05 ( Kruskal-Wallis H %, Wilcoxon 44 5 Bk

CCT; tr e ffy B L BE s ACD i o5 IR B

Note : Compared with respective normal control group,*P<0. 05;compared with respective stage | keratoconus group,”P<0. 05 ; compared with respective

3 itig
-0.37,P<0.001) ,

20 AT B S R A N AR T 2L F) T 2305 CCT o o JIREJRE JEE 5 TCT - S Ak o )52 2

Figure 1 Correlation between endothelial CD , morphological parameters and corneal topography
A: Km
B: Km was negatively correlated with 6A
r,=0.48,P<0.001 D:CCT
E:CCT was positively correlated with 6A  r =0.18,P=0. 01

was negatively

ro=-0.32,

parameters in keratoconus ( Spearman rank correlation analysis, n = 199)
correlated with CD  r,=-0.59, P<0.001
P<0.001

correlated with CD

C: Km was positively correlated with CV was positively
r,=0.47,P<0.001
F:CCT was negatively correlated with CV  r =-0.35,P<0. 001
CD r,=0.53,P<0.001

negatively correlated with CV

G :TCT was positively correlated with
r,=0.22,P=0.002 I.TCT was

CD: cell density; Km: mean keratometry;

H:TCT was positively correlated with 6A
r,=-0.37,P<0.001
CV ;coefficient of variation; 6A ; percentage of hexagonal cells; CCT; central corneal thickness; TCT:

thinnest corneal thickness

CCT:central corneal thickness; ACD ;anterior chamber depth
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