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[ Abstract] Objective To evaluate the effect of mushroom-like pattern femtosecond laser enabled penetrating
keratoplasty with different laser energies on the ring incision and corneal endothelial cells, and compare with
conventional penetrating keratoplasty.  Methods According to the point/line separation and blasting energy, 48
porcine corneas were randomly divided into 6 groups by using a random number table. In group A,B,C,D and E,the
point/line separation was 4/4,4/4 ,8/8,8/8 and 4/2 pm,and the blasting energy was 1.5,2.0,1.5,2.0 and 2. 0 pJ;
In group F,a negative pressure ring drill was used to make penetrating incisions. There were 8 porcine corneas in each
group. Femtosecond laser of 200 kHz was used to make corresponding mushroom-shaped penetrating incisions on the
porcine corneas, and compared with porcine corneas incisions with a ring drill. The optical and scanning electron
microscope images were used to evaluate the glossiness of ring incisions. Four human corneas used femtosecond laser
for mushroom-like penetrating incisions with point/line separation 8/8 wm, and blasting energy 2.0 wJ as the
experimental group;three human corneas received a negative pressure ring drill for penetrating incisions as the control

group. The loss rate of corneal endothelial cells was observed and compared between experimental group and control
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group. The donor guardians agreed to the acquisition and use of the donors” cornea and signed informed consents. This
study protocol was approved by the Ethics Committee of Nanjing First Hospital. = Results  Femtosecond laser
mushroom penetrating ring incision completion rate was 100%. The corneal ring incision in each group was stepped,
and sections of ring incisions in group A and group E were glossiest by the light microscope. Sections of ring incisions
in group E were glossiest by the laser scanning electron microscope. The overall glossiness scores of the corneal ring
incisions among various groups were statistically significantly different by the light microscopy ( F=22.75,P<0.01).
Among them,the glossiness scores in the group A were higher than those in the group B,and the glossiness scores in
the group C were higher than those in the group D, with statistically significant differences ( both P<0.05). The
overall glossiness scores of corneal ring incisions among various groups were statistically significantly different by laser
scanning electron microscopey (F=122.33,P<0.01). Among them, the glossiness scores in the group A were higher
than those in the group B,and the the glossiness scores in the group C were higher than those in the group D, with
statistically significant differences ( both P<0.05). The corneal endothelial cells showed regular shape and tight
arrangement in the experimental group,and irregular shape and loose connections were seen in the control group. The
average corneal endothelial cell loss rate in the experimental group was (2.2+1.3)% ,lower than (6.7+2.1)% of
the control group, with a significant difference between them (¢=3.569,P<0.05). Conclusions Femtosecond

laser can produce perfect mushroom configuration, and the ring incision glossiness is better in comparison with
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trephine cutting. Femtosecond laser ring cut can lessen corneal endothelial loss.

[Key words] Femtosecond laser; Mushroom-like penetrating ring-cuting; Ring incision quality; Loss rate of

corneal endothelial cells

Fund program: Nanjing Science and Technology Development Project ( ZKX14034)

DOI:10. 3760/ cma. j. ¢n115985-20200325-00200

RO — B LK iR 22 e i [ R 0oL, @
Ao PO TR AR AT AL TS B T A Dl A P X A
BRARGATUIN . CRPHOL R A 2 D ReE RStk T
B A o R RO A S — il
AR, 7E FA RS R TR bt 18 B0 A i L
PR b T IR 38 28 3 A 1R 7 B9 AN [ 155 LA AN [ &
JBE VELAR BRI TCRPROL M B A YD A 9 B AR
PRNTE R BRAR R ER TR S HATE (18 1), LSS BLA
PEAGATT T o BERERY) O b SE R A BB IR , A
PGy, BETOR B B2 19 N B2 A0 L, SCRE IS I & 1 T
R 3R 0 RS E W T A 2 O A R Y
7 R5E A S 78, AR S 1 JRE AR A S 0 A 7 ) )
FARESEST L BT, RO FE A R AT R R Ok
SR BOE Mk Z R 28 . RENEOL T RLUTE 4 A
TR AR FERIR o) 1 R RE B S, H R R S
B GO RE R A 52 B A D) H) IR S Y g B A
W&, X A SR UI0 10 09 D 98 JEE D 3 T DAY B 40 D 1) 2 Vi)
BTGB T Y o AT TR TR BOE i 1 B 4R 2
Y)Y AT AR A e
1 MBRE5FE
L1 HE
L1.1 Aok 48 HUBERE IR A T M al KR 52

Y, R RA7,2h Wiz B = PR BIRAT
(97 R N AR el Rt 20 IR R SR AR G S oy

W Sk 170608) . 170711), 170710), 171008] , 171009] .
171203) 1 171204) . A5 J5 58 28 7 5 B2 B K57 [t
& T R B A B 2 D12 0 A A UE (180 5 . JKT1415)
PG IR /R S E o AR I3 AR A A B ) B A
i FH 27 ) 3, 2 2 38 i m) 45 o

1.1.2 F200 LA IR A7 ) (EUSOL-C, &
KH Alchimia 2y #) ), K F> 5% #8 ( Wave Light
FS-200, {1 [ J& #L 22 7] ) 5 1[5 B 4l ( Hessburg-Borron,
ZE [H Instrumen 2 7] ) ; % 0 i 4% ( Axio Scope Al, %
[l 45 W] 20wl ) 5 OG- L RUER (SUS010, H A H
SE ) 5 R ZE B AR BN B R B B (EB-3000xyz, 3 5
HAT A H]) o

1.2 J5

12,1 E@ O FUIAE S ard AR A/ 4% 1) A e e 1
REER , HBEALEC T 0K 48 SR IR M IEBE L 73 6 4>
H,A W N E/RI I 474 pm SRAERERE 1.5 Wl B 4N
J/ERIAIEE 474 wm BRI ARE R 2.0 w5 C 41 s/ 4R 1A] R
8/8 wm JRALAE R 1.5 wlsD 4 fi/ 2K H] #E 8/8 pum , £
MRS 2.0 pl; E 4 f/Z B BE 4/2 wm, 1 Y RE
2.0 Wl F A 9 0 SR BE AT 7 B IR D), AR 40 8
AR IR A e 48 KU 8 2 T N LA ps |, 40 A&
B a i AE B 2 R 2838 A IR D) 11 o SR A 3R 1)
58 JRUE B0 < 23 185 s 23 85 AT AR IBORE A0 2 910 10 58 385
B o B AN RE 58 2 AR IBOHE R, B U0 0 B 0 35 T A
KU R TE L R IY) F 8 R = 8 R B L 1



- 302 - th ARSI IR R 2 7 2020 4F 4 A4S 38 %45 4 ] Chin J Exp Ophthalmol, April 2020, Vol. 38, No. 4

Bx100%

E
=

|
o

E1 FERNBEREE AR BEdR C.HEE

D: R E:HLE
Figure 1 Schematic diagram of penetrating ring-cuting into cornea
A:top hat-like B:mushroom-like C;zigzag-like D Christmas tree-

like E :straight shaped
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Figure 2  Histopathological manifestations of ring incision among
various groups (HE X 100, bar = 200 pum)
group A and group E were glossiest, followed by group B and group C,which
in group D and group F were roughest The black arrow indicated the
stepping notch Figure 3  Ultrastructure performance of ring incisions
among various groups (X100, bar=100 um)
circular incisions in group E were glossiest,followed by group A,B,C and D,

Sections of ring incisions in

The corneal tissue of the

while group F was the roughest The white arrow indicated the glossiest notch
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Table 1 Comparison of ring incision glossiness
scores among six groups( mean+SD)
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Figure 4 Morphological manifestations of human corneal
endothelial cells between the two groups ( trypan blue and alizarin red,
bar = 200 wm)

morphology and tight connections in the experimental group

A The corneal endothelial cells showed regular
B: The
corneal endothelial cells had irregular morphology and loose connections

in the control group
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Table 2 Comparison of endothelial cell loss rate between
the two groups(mean=SD, %)
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