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[ Abstract] Objective To analyze changes of donor corneal endothelial cell density (ECD) and morphology
from eye bank before and after keratolasty and the influencing factors. Methods An observational case series study
was performed. A total of 118 donor corneas,retrieved by the Shandong Province Eye Bank between July 2020 and June
2021 for penetrating keratoplasty ( PKP) and endothelial keratoplasty ( EK) were included. Among them, 99 corneas
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(83.90% ) were used for PKP ,and 19(16.10% ) for EK. The basic information of donors and the results of corneal
quality tests were analyzed and compared with ECD measured by endothelial microscopy one month after keratolasty.
Morphological changes in endothelial cells before and after surgery were observed, and factors influencing corneal ECD
and morphology were analyzed. This study adhered to the Declaration of Helsinki. The study protocol was approved by
the Ethics Committee of Shandong Eye Hospital ( No. SDSYKYY20170319). Written informed consent was obtained
from each subject. Results Among the 99 donor corneas for PKP ,there were statistically significant differences in
preoperative donor corneal ECD and 1-month postoperative ECD of implant among different age groups ( F=18.136,
5.936;both P<0.01) ,which were lower in the 31-60-year-old group and the >60-year-old group than in the 0—30-
year-old group and higher in the 31-60-year-old group than in the >60-year-old group, with statistically significant
differences (all P<0.01). There were statistically significant differences in the preoperative donor corneal ECD
among different donor cause of death groups (F=4.524,P<0.01) ,which was higher in the traumatic accident group
compared to the cardiovascular and cerebrovascular disease group, chronic organ failure group and malignant tumor
group (all P<0.01). The preoperative donor ECD in the death-tissue retrieval time <6 hours group was (2 577. 66+
284. 63) cells/mm” , which was higher than (2 372.46+399.75) cells/mm’ in the death-tissue retrieval time >6 hours
group, with a statistically significant difference (1=2.289,P<0.05). There were statistically significant differences in
1-month postoperative ECD among the preservation-surgery time <3 days,3-6 days,and >6 days groups (F=6.201,
P<0.01) ,with higher ECD in preservation-surgery time <3 days groups than in 3=6 days and >6 days groups ( both
P<0.01). The preoperative donor corneal ECD applied to EK was significantly higher than that applied to PKP (¢=
-2.660,P<0.01). ECD at 1 month after surgery applied to PKP was significantly higher than that applied to EK (=
4.286,P<0.01). The ECD reduction rate was 7. 14% (0.01% ,17.69% ) and 31.07% (22.11% ,45.86% ) in PKP
group and EK group,respectively,with a statistically significant difference (Z=4.969,P<0.01). The ECD was lower
in the group with dark area than in the non-dark area group before PKP , with a statistically significant difference (t=
6.789,P=0.011). There was no significant difference in ECD at 1 month after keratoplasty between the two groups
(t=0.005,P=0.945) . Multivariate logistic regression model results showed that preservation-surgery time >6 days
and the cause of donor death being malignant tumor were risk factors for the appearance of dark areas in donor corneal
endothelium (OR=9.038,P=0.030;0R=6.577,P=0.018). Conclusions The older the donor, the lower the
ECD. Prolonged preservation-surgery time (>6 days) is the main factor contributing to the decline in ECD after
keratolasty. Compared to PKP ,there is a higher endothelial cell loss after EK. The tissue preservation-surgery time >6
days and the cause of donor death being malignant tumor are the main risk factors affecting the appearance of dark
areas in the donor corneal endothelium. But the presence of physiological dark areas does not significantly influence
the ECD after surgery.
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Figure 1

Images of different types of dark areas on donor
corneas A: A large number of round dark areas with irregular
endothelial morphology, partially fused B :Plenty of consecutive strips of
parallel-arranged dark areas with regular endothelial morphology C: A
small amount of round and strips of dark areas D:A large number of

round-like dark areas with regular cell morphology
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Table 1 Comparison of corneal ECD before and after PKP
surgery among different donor age groups
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W15 0~30 HULIEEE, P<0.01; 5 31~60 % 41 b #,"P<0. 01 (1K
FRITZ M, LSD-t K 95)  PKP 28 A IR AS MR s KCD « P Bz 240 i 45 2

Note ; Compared with 0—30 years old group,*P<0. 01 ;compared with 31—
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Table 2 Comparison of corneal ECD before and after PKP
surgery among different donor cause of death groups

(xzs, cells/mm*)

x4 TERF-FAEAMGERHE PKP FAREF ECD
b8 (x+s,4/mm’)

Table 4 Comparison of corneal ECD before and after PKP

surgery among different donor cornea preservation-surgery

time groups(xzs, cells/mm”)
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density
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P 0.024 0.175
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91.92%) b % 5¢ % ,8 Bl (4 8. 08% ) 17 7E A~ [ #2 i 1)
Rz . A bR R A AT R A AR S 1A A
ECD 4> % Sk (2 362.33+ 413.02) fl (2 191.25 +
672.65) /mm”, 22 5 K4 iT 2% L (1=1.062, P =
0.291),
2.2.7 AFZEBERHARG AR ECD ¥ 17 PKP
(19 99 i i 5 b SR RS T1 ) (o5 71.72%) (AR
Jetepdm 19 B (5 19.19% ), R S BEAH =9 22 9 15l
(4 9.09%) , ARG 1 4~ H ECD 4> 5% (2 352.31+
457.29) , (2 337.26 + 444.14) F1 (2 342.22 =
260.38) ~/mm”, MK L 22 7 RG2S (F =
0.010,P=0.990) ,
2.2.8 [IMBENEBEXHAME ECD b 7EHT
PKP [ LA A B 3 25 A0 ( 7 25. 25% ) A7 7E 570 R DX
T4 KL 74.75%) AR, TR, 5TRIXAMLL,
A R ARTIR AR ECD 848, 2 7 A 5 it # 8B X
(t1=6.789,P=0.011) ; RJ5 1 A~ ,2 4L A ECD i
ZRIG B X (1=0.005,P=0.945) (£ 6) ,
2.3 PKP FARFIGEHE A 8 XAk K52 e R 43 A

FAT PKP i b4 B o, R T 25 AFE 7 2B IX 45
ARG 7B 28.00% ) 475 AT UL A B8R DX, 18 A5 (1
72.00%) N R BE N oI BRI H B, 4 MO RHE R
PKP ARFGAF7ERE 526 BE Rl & B X, R 5 XA R
T 55 BORFIA KA T2 8 A FLN 58 4571 R B X, R 5 WL
FRBIRIX (B 3) .

Z R Logistic [H 73 Hr 45 R B, /A7 - T AR
(6] >6 d AT T Jit P Sy S il 96 2 52 el 1 44 £ T 1
Rz H R X fE B & (OR =9.038,P=0.030; OR =
6.577,P=0.018) (3 7).,
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8 AL LHEARIG LA AR B IRER  BLL1 B 40 % FURTRE f0 I B 5 b 5 R T ‘ N o "
BT BB B2 R AR - TR 6 d A AR LA 0 R T R YEA B AL TR SZ R A AR

BCBEIR B3 GRAE-F R 6 d 10 BOR BT R QLR E NI IS B BE AR kR R R 24 T A R
LA A A L 19

M A5 N1 H [2-3]
Figure 2 Pre- and post-operative slit-lamp microscopy and endothelial cell images of corneas E"J ﬁﬁyﬁ IEJ 9 o
with different storage time A1l:Preoperative slit lamp microscopy image of a 36-year-old female i}if‘f‘}’é , a’:{z % H)%‘ ﬁ%’ @t% 323 ﬁzi

patient with fungal corneal ulcer ~ A2: 1-month postoperative slit lamp microscopy image of the

patient in Al using a donor cornea with a preservation-surgery time of 3 days A3: Preoperative g ’#HE@%EE*}‘I’E%&?*&* E/‘Jj}lj
image of the donor corneal endothelial cells with a preservation-surgery time of 3 days from an eye ﬂ} i ﬁ] Hﬁ%*ﬁ%jﬁ m % )Ié% gﬂ] /f,t . )J‘E i—}.

bank  A4:1-month postoperative image of endothelial cells implanted in A3 BI: Preoperative slit

S [9] 3 == H
lamp microscopy image of a 40-year-old male patient with fungal corneal ulcer ~ B2: 1-month /ﬂ:jj‘rﬁjji% ° HQE:FE/‘JI%ERR =
postoperative slit lamp microscopy image of the patient in Bl using a donor cornea with a ﬂg[lﬁ%%{%ﬁ%‘ﬁtﬁ%%ﬁ%ﬂﬁ’

preservation-surgery time of 6 days B3:Preoperative image of the donor corneal endothelial cells

. At e O
with a preservation-surgery time of 6 days from an eye bank B4:1-month postoperative image of @Tﬁ*%ﬁﬁﬁ’ﬁ{:ﬁgﬁﬂ% \Uﬁﬁjﬁﬂz’fﬁﬁ

endothelial cells implanted in B3 H;E?E}:i \A}Eﬁgﬂ%ﬂ%%[ﬂ R ﬁxﬂ-m
IR SR Bl 1) A R I HIR P 7 AR 41 A
£5 REFAFRAFAMRE ECD L (eus A/mm') (kA ILHERF 409, S I8 160 RS AL A

Table 5 Comparison of preoperative and postoperative ECD

FHR N 5 i Y A TR, i B S 9 R0 5 L0 T B2
= A A T R

between different surgical procedure groups (x#s, cells/mm”)

453 B AR R PR 3t 1 RE 1AM

PKP 41 99 2 550.72£307. 72 2 348.51437.23 FKP A EK i — 4R BARRRBE A R K
EK 41 19 2 750.37+251. 17 1 876.37+453. 64 AL AR AN AL A T R
i e I T A0 1 B R TG P 20 R S B MR A
P i <0.01 <0.01 KA HE IR AR AE . IR ECD A 52 Ay IR i
VE: CHSTREA K0 B0)  ECD: iy B A0 1 PKP : 558 M RS A 5 FRAE B T5 5 BE T - RO IR TR] A A7 A S5 B4 S5 R A
EKl\;oi;Ez(ﬁfj:ndem samples t-test) ECD:endothelial cell density ; PKP . ﬁﬁﬁj‘ IEﬂ E/:J %2 ﬂ@ © %E E/‘J éﬂ] E@ :‘lﬁ 9% ar ﬁE EB %jﬁﬁg/ﬁi N

e ey HK gl Kewiaksy KI5 RAE B AR A HE T R S =g
61 T A 2 20 B 3% e o T AR A BT ) AR A
*6 HEARBILRRXAPKP FAH/E ECD L btk ECD T £ B2 B 1 AR J5 A H 7 05 A B0 A £
Table 6 Comparisé:ii"jo\r/r::;le)CD before and after A Hﬁﬁtﬁiﬁﬁimﬁ%ﬂ Lhid i A Hﬁkﬁm“%/ﬁ\:ﬁ
PKP surgery between donor cornea with and without MR R s 30 o 24 BT I U R A R S AT E A AR K
dark areas groups (xzs,cells/mm’) NS5 BT A AR b B AR N A A O, DA BN
2] BAR RETBUE SR ARIE 1A A B AURRE S A B A A OGS A E AT AN o A I B A i
TS X 41 74 2 596.23+303. 17 2 346. 72£427. 31 ANAURT A B 1k G K 0 AL )2 1 HL L HA A2 T
HRXA 25 2 416.00+285. 99 2 353.80+474.55 BEWT 5 L RN 1Y K 22 B ET B DA 4k 3 £ B Y aE B
i 6.789 0. 005 U P B A 2 2 2 SR A ) L B
Lo _— k] 0 IS T3 1 7K I 0 35 0 J2 AU, K1 R 1

Y CHSLREA (KeBe)  PKP 5538 M BB HEA s ECD : 4 J% AL 46 e ‘ PR : N
Note: ( Independent samples t-test) PKP: penetrating keratoplasty ; Jﬂ&&% E 7% @I 5 ﬁj i *Z *E % 71( }Jﬁ lj] 5 i E/‘J o 1:/_5

ECD : endothelial cell density —+-[13,20]

o o
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B3 PKPFAMEAEANREXEGITLL A.78 % B4tk
JE, N B TS HL L ECD 3 2 151 A/mm®  B:78 % W AR Af H A

JE AT ILBER B G B X ECD O 1727 4~/mm” - €28 % BAE{E A A
R, 1A B2 300 K3 L TR A5 KU L ECD Sy 2 279 4~/mm® D128 %
PR AR S Y S TE % R WX ECD 2 2 033 4~/mm”

Figure 3 Comparison of images of corneal endothelial dark areas
before and after penetrating keratoplasty A :Cornea from a 78-year-
old male donor with regular endothelial morphology and an ECD of
2 151 cells/mm* B Implant from the 78-year-old male donor with a
large rounded black area still visible after surgery and an ECD of
1 727 cells/mm?
endothelial borders and irregular endothelial morphology, and an ECD of

2279 cells/mm?

normal endothelial cell morphology, no dark area, and an ECD of

C:Cornea from a 28-year-old male donor with unclear
D: Implant from the 28-year-old male donor with

2 033 cells/mm” after surgery

x7 RERRFE£HEERER Logistic @345

LA (66~75 %) 477 Musch 2877 #2 HR ik
A K A R AR By P B 40 M B R B £ ) PKP R
J55 P 200 L0 2 W B AR K T Borderie 2517 A h
I RN R ARk 10 B E , AR 4R Wk 0 AR I 5 A
5 3 T W e
ATFGE S B, WP LA ff I ECD A7 B S f 4 18 22
S BEAE YK ECD B, I HL AR B RS Al AR 5 47 AT I
AR 25 S . (HARTFTE>60 % 148 ik % F 2 ECD
PBAT K F] 2 000 4~/mm? Lh |-, AT SR 35 45 16 B £
B 5 97 B 3 NMER B AR S ECD FHER IR i
HUH 225 5 G ) 0 A AT SR L B R G R
Wil PRATEFE Ay 450 F A 2 B PR 2%, ) % 3
AF AR AR AT TN B2 S TR A 2, A0 I R S T
2 IR P8 P 7 I DR b, 24 £ M 52 7 R Je e
G AT VRS R AR RS R TR I, AT LA 24 BE 4F G
FBL ) B 255 R 0 D B 47 | 52 A 4 W f%9 E  TGC X 5 1 X
TP A R, 0 ARG W ) SR A s A7) I X 4t
A HE AT T 7 2
A 155 7 0 A A Y P A RIS ) 2 2 5 T 1
MAME M EEEE, HRTO A % T4k
ECD 5 {547 I ] %1% % & % R 5E . — WX 1
SCIGESL AR 4 CHIE P 7 d RS 8UR KM
R ShBEREsR I e I I Z . A BF TR 98, 4 A
FET BB LA K A5 A7 14 I (6] (6] B 7T LB 25 T 1)
R Armitage 257 BFS W, (AR IS R SR AT
I W) 2 5 100 28 B 5 97 v (R AF O A I ECD f B 2
R R A A W R A K B R A B ) 4 ok 8 s £
ECD WM. ASWFSE & B, A [ £
A7 I 1] X6 AR 5 A ECD K

Table 7 Multivariate logistic regression analysis of the dark areas on a cornea

from an eye bank

R A B R, BB R

PRAF 2 TR 18] Fi (9 I 18] 4, R

AN B1H SE {8 WaldX* (i P14 ORMH  95%T] {5 X [f] o

. T T
PR BE T R P O 8 ) 1.884 0.797 5.583 0.018  6.577 1.379-31.371 J& ECD # ik, ECD TF%T“J‘ N
BAE-F AR (>6 d) 2.201 1.014 4.717 0.030  9.038 1.240-65.901 PRI B Bof 2 T A 4 o AR A £

U5 SE AR EDR ; OR : LLAE L
Note ; SE ; standard error; OR ; odds ratio

FH1 P B2 4 3 TV 3 A R PR B i AR H
T A4 200 AR B 8 R R 3T B L 4 435 D RE A e B kT
@5 N 1Y ffi B ECD LA B 4F 29 0.6% 1) 7 ¥ 3 F
[l RFSE R PKP RJG 1A AE ECD B4 B R %
Mg, HARJE 3~6 1~ ECD PRI NS,

KT AR RPN B 20 5 AR AR I 2 TR OC &R L 7R
PO L ATE B — SO AT, 1 ECD Fifi 25 1t R 47 % 119
S8 i3 9L B 2 T A0 L R R AR AR IR AR

FEmE [a], & B2 R JE B AR A R
ECD (B ZH K, [F 48R &
il RER AL 6 d ik,

ECD T [, Al BEAS FHi& /5 PKP #l EK AR fgi .
PEAAFE T 1 BB IR R) 0 2 5 ) 7y JE 416 4% 55 o 1)
FREY . KEEWITEHINHRIET )5 12 h(&
R TC V8 A Tt 1l 8 b)) Sy A R IBORE 1) 11 A, 6 h
A S FEIBORE B ] o BRI O R AR BE T 0 A i i sl
AS LR AL T Bl SRS, B k452 1k 2B, JRUAS 78 i B BL
14 1 K G B B 6 T B ) SE K T R R 285 B0A R
PRz 0 5 T AR S A R B T F IR N ] A
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