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[ Abstract] Objective To investigate the impact of recombinant human epidermal growth factor ( th-EGF)
on the epithelial recovery and the tear film stability after trans-epithelial corneal collagen crosslinking in patients with
progressive keratoconus. Methods A randomized controlled clinical trail was designed. Consecutive 66 patients
(37 males and 29 females) with an average age of (21.27+3.80) years old diagnosed with primary progressive
keratoconus and hospitalized in Xiamen Eye Center Affiliated to Xiamen University from October,2016 to January,
2017 were enrolled and treated with unilateral enhanced transepithelial corneal crosslinking surgery by iontophoresis,
and the patients were randomly divided into control group and experimental group according to random number table
method, with 33 patients 33 eyes in each group. The eyes in the control group were treated with carboxy-

methylcellulose sodium lubricant eye drops and the eyes in the experimental group were treated with rh-EGF eye
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drops. The ocular surface disease index ( OSDI) questionare, slit lamp examination, Schirmer [ test, corneal
fluorescein sodium staining scoring, non-contact tonometry, uncorrected visual acuity, best corrected visual acuity,
bulbar conjunctival congestion scoring, lacrimal sevretion test, non-invasive break-up time of tear film ( NIBUT) , as
well as tear meniscus height analysis were performed before surgery,and on day 1,day 3,day 5,day 7,day 14 and day
28 after surgery. This study followed the Declaration of Helsinki. The study protocol was approved by the Ethics
Committee of Xiamen Eye Center Affiliated to Xiamen University ( No. 2016-ME-003). Results On day 7 after
surgery, the OSDI values were increased in both groups than the preoperative value, while the value in the
experimental group was significantly lower than that in the control group (P < 0.05). There were statistically
significant differences in the overall corneal epithelial staining score values between the two groups at different time
points (F, . =16.701,P<0.01;F, =454.418,P<0.01). The corneal epithelial staining score in the experimental
group on day 3 and day 5 after surgery were significantly lower than those in the control group (1.79+0. 65 vs. 2.70+
0.68;0.91+0.46 vs. 1.55+0.51) (both at P<0.01). The conjunctival congestion score in the experimental group
was significantly lower than that of the control group on day 3 and day 5 after surgery (both at P<0.05). There were
statistically significant differences in the overall NIBUT values between the two groups at different time points (F,, =

group

13.084,P<0.01;F, =34.383,P<0.01). The NIBUT values were significantly decreased rapidly on day 7,day 14
and day 28 after surgery in both groups (all at P<0.01),but gradually recovered. The NIBUT of the experimental
group on day 7 and day 14 after surgery were significantly higher than those of the control group ([ 8.18+2.26]
seconds vs. [5.93+2.33] seconds; [ 9.49+1.95] seconds vs. [ 7.52+2.27 ] seconds) (both at P<0.01). No
statistical differences were found in the tonometry value,visual acuity,value of Schirmer I test as well as tear meniscus
height at any time point before or after surgery between the two groups (all at P>0.05). Conclusions
Recombinant human epidermal growth factor has positive effects in the patients received enhanced transepithelial
corneal crosslinking surgery, presenting with promotion of epithelial healing, relief of post-operative discomfort,and the
recovery of tear film stability.

[Key words] Recombinant human epidermal growth factor; Keratoconus; Corneal collagen crosslinking;
Corneal epithelial defect; Tear film
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Table 1 Comparison of ODSI before and after enhanced
transepithelial corneal crosslinking ( mean+SD)

ANTE) i A] 25 OSDI i

A IR%K

A i RIGHE TR RFEHE 14K RFHE 28K
XERRAL 33 13.52+3.46 45.45+9.38° 14.76+4.06" 12.55+2.76"
K 33 13.27+3.45 38.30+0.10* 14.30+3.66" 11.79+2.48"

s F oy =8. 168, P<0.01; Fyyy = 428. 169, P<0. 01. 5 AR H A ,*P<

0.05; GARIGH 7 KIH,"P<0.05; 5% FUAL A, P<0. 05 (T &2 4
P R 2R T 25 43 B, LSD-¢ K 36 ) OSDI : R 252 95 95 48 %K
Note: F,,,,, = 8.168,P<0.01; F,  =428.169,P<0.01. Compared with

those before treatment,”P < 0.05; compared with those on day 7 after
surgery, "P<0.05 ;compared with those of control group,“P<0.05 (two-way
repeated-measures ANOVA ,LSD-¢ test) OSDI:ocular surface disease index
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Figure 1 Changes of the corneal epithelial defect after enhanced

RIG3d

~

S

Xof B2

el

transepithelial corneal crosslinking in both groups On day 1 after
surgery , positive small fluorescein plaque in the central cornea and diffuse
punctate fluorescein staining in the mid-peripheral cornea could be
observed in both groups. On day 3 and day 5, moderate punctate
fluorescein staining was observed in the control group, while only mild

punctate staining was observed in the experimental group
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R2 2NEABERREXHKFRAGTERERER
R EREETSHEN (meanzSD)
Table 2 Comparison of corneal fluorescence staining scores
before and after enhanced transepithelial corneal crosslinking

AN T B ) R A B e AT

Al R

EN:] REHEIRX REHE3IR REHESK
XFHEZH 33 0.33%0.48  3.67+x0.78  2.70£0.68  1.55%0.51
I 33 0.30+0.47  3.88+0.65  1.79+0.65° 0.91+0. 46"

W Fyy = 16.701, P<0.01; Fyppy = 454.418, P<0.01. 5% 41

8,0 P<0. 01 (H &2 I i (9 9 IR 3R 0 22 70 A7, LSD-1 4 56
Note: F,,,,, =16.701,P<0.01; F,, =454.418,P<0.01. Compared with

those of control group,“P<0.01 (two-way repeated-measures ANOVA ,LSD-¢
test)
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I, 25 A G R L (34 P<0.05) s S ARG 26 14
RANE 28 KR VH B4 W6 1 2 ik 2 B AR AT KT, 5
R 2 S TG L (3 P>0.05) (£ 5)

2 A2 FORH G A [ B ] SR IR NIBUT P25 55
WA Gt 2% B L (Fyy, = 13.084, P<0.01; F,,, =
34.383,P<0.01), 2 N4 AR J5 45 B[] 45 2 AR NIBUT
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AR NIBUT {5 FXTIRAL, HER LR ITFE X
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Table 3 Intraocular pressure using non-contact tonometer before and

2 AN FARET G A5 B A AR HR R B A
R Z R YW LRI 2% 8 L (Fuy =
0.002,P>0.05; F,,,; =0.205,P>0.05)
(£3).
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2% AT GE 2 B L (F oy = 7. 156, P<
0.01;F,, = 608.639, P<0.01), RJ5
501,35 R 2 4 B HRBRES I 70 i 2
AR EEREm, ZR¥WAERIT¥FEX
(1 P<0.05) ; B % AR J b 7 i 1] (1)
SIS 11150 N S R S 7 N e
14 RFE 28 R 5 ARATHLER, 2 7T
Gt E (¥ P>0.05), RJFH 3 K
FEE 5 KRBT, 1 50 21 £8 AR BR 25 1 7 i 7%
B BACT X A, 2R WA SRR

after enhanced transepithelial corneal crosslinking ( mean+SD)

AN T i 1) 3 A 42 fi AR

gﬂ%” ﬁﬁﬁ > 2 S A S A N A N A

A AREHIRK AREHESK REHF4RX KREHE28XK
Xof R 4 33 14.36+1.98  14.48x2.37 14.36+2.45 14.36%2.50 14.45%2.37
255 41 33 14.48+1.68 14.18+2.65 14.45%2.55 14.24+2.55 14.55+1.99

i F g =0.002,P>0. 055 F .y =0. 205, P>0. 05 (5 & Il 455 1) P B R Jr 2543 B7 , LSD-t #6:5)
Note: F,,,, =0.002, P>0.05; F,. =0.205,P>0.05 ( two-way repeated-measures ANOVA
LSD-: test)

x4 2N HABEREZEFABGEAR R E R
B AR BK 45 % 75 1M 72 FZ A9 L (mean=SD)
Table 4 Comparison of bulbar conjunctival congestion scoring before and
after transepithelial corneal crosslinking ( mean+SD)

AN T o i) R 5 7 o S

Eigl IR %

AR REFIR REFIX ABEHSK REH 4R ARHBK
A4 33 1.0520.30  4.76+0.68" 4.14x0.55" 3.06x0.85"  1.13£0.49  1.08:0.40
KA 33 1052031 4.66+0.71°  3.76x0.47" 2.620.67" 1.14x0.42  1.07+0.28

Wi Fyy =7.156,P<0.01; Fyy =608.639, P<0.01. 5 ARF] L4, P<0.05; 5 X% B4 L
e, P<0. 05 ( T 42 U H5t 10 1 BB 2 7 25 04, LSD-t Ko )

Note: F,,,,, = 7.156, P <0.01; F,. = 608.639, P < 0.01. Compared with those before
treatment , * P<0. 05 ; compared with those of control group,”P<0.05 (two-way repeated-measures

ANOVA ,LSD-¢ test)
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2 A 2H AR IR IE I o BE SR LB 22 RS R X
(Fuy=0.138,P=0.711) 5 A [F] i ] g5 58 HR TH 37T o5 2
MR ZE A G L (F = 17.93,P<0.01)
2ANHARIEER T KR IE A R B AR R A B IS, 22
FAGIFE X (P<0.01) ;2 AR 14 KA 28
R g AR FH T g7 EE 5 R D B R 2 S H T g A T L
(¥ P>0.05)(%£7),

xRS 2HMAABRKREZIBEFARAEGEARERES
BB S W ERZ A (mean+SD , mm)
Table 5 Comparison of tear volume before and
after transepithelial corneal crosslinking ( mean+SD , mm )

AN T I ) 5 H 9 23 i

415 IR%
AHI RIFH TR REH 14K REH 28 K
XPEEAL 33 12.3924.03 17.21x4.81° 12.33£2.94 12.4223.59

Il 33 12.97+3.93 15.79+5.78" 13.24£3.81 12.52+3.67
i F gy =0.003,P=0.959; F 1 =21.755,P<0.01. 5 RA] AL, " P<
0. 05 (T & W &t 1 W5 K 2 7 25 43, LSD-t A5 55
Note: F,, = 0.003,P=0.959;F,,.=21.755,P<0.01. Compared with

s ¥ time

those before treatment,”P < 0.05 ( two-way repeated-measures ANOVA,
LSD-: test)

x6 2N AHABRKFEZBEFAREGERERES
EHR NIBUT gy 254k (mean=SD,s)
Table 6 Comparison of NIBUT before and
after transepithelial corneal crosslinking ( mean+SD,s)

AT i 5 NIBUT

ZiCTI L
Rt REHTRK AREH 14K ARFH 28K
X 33 11.08+3.63 5.93+2.33" 7.52+2.27" 8.98+3.15"

KEGZH 33 11.74x3.79  8.18+2.26™ 9.49+1.95" 10.10+2. 11°
T Fypy = 13.084,P<0.01; F .y =34.383,P<0.01. 5 ARFTLE, " P<

0.05; 5% B4 e, " P<0. 05 ( T A& ) &t A9 15 (A 3% Jy 22 43 7, LSD-t K
By)  NIBUT.: HE42 fih =G 7H B Bk 2L B5F ] Note: Foup = 13.084,P<0.01;
F e =34.383,P<0.01. Compared with those before treatment,“P<0.05;

compared with those of control group,”P<0.05 (two-way repeated-measures

ANOVA,LSD-¢ test)  NIBUT:non-invasive break-up time of tear film

®T 2N HAEREXRKFAGTEARENES
BIRBA S E R E L (mean=SD , mm)
Table 7 Comparison of tear meniscus height before and
after transepithelial corneal crosslinking ( mean+SD,mm)

A TR) I i) g5 9H 90 o JEE

A5 IRE

AR i RIEHE TR REHF 14K REFH 28K
XfHEZH 33 0.22+0.09 0.27£0.10° 0.22+0.06  0.22+0.05
g4l 33 0.22+0.06  0.30+0.08° 0.20+0.06  0.20+0.05

VE:F = 0. 138, P=0.711; Fyypy = 17.93, P<0.01. 5 R fif HL 8, "P<
0. 05 (F 42 M &% 1 5 [H % J7 22 70 #r , LSD-t £ 55 )
Note: F,,,,, =0.138,P=0.711; F;, =17.93,P<0.01. Compared with

those before treatment,”P < 0.05 ( two-way repeated-measures ANOVA,
LSD-¢ test)

3 itig

SEREIY MRS L R B R R, R
WEYV L FBEARLTWEEREE, ALK ELH
i1 RS I v 1) 06 T 5 IR, LBt A5R R S R0 B R
SR B TH IR R R g U, B
K PR S s [ A R T 32 sk o A<M A B b . BT
FL Y8 2 A P S 800, T B r (S B, S sh i 25
B —FhTCQIE Y B R R . R R T A R A
WA, ERIER T BT E LK. 87l
BRI THERRSTHE L RBE T HRE, AR
TR 1 mA (I [E] Ry 5 min (1) 8 F HL 5 B AT 5
WEERRBE S WME EREMYnEES . B 1
HLYB AN AT 7E I B 58 4 (1 1 50T (0 358 5 9 A R Gk
B RS TR L, Rl A2 B 2K 10 B () p 8 L A R 3E 1k
/%) 30 min 458 % 5 min,

SR, Z R BoR B F B IR BRIRE /N T &
B b Rk FRATT R R A R AR ES BT B T
HL ¥ VR S BRI BE AL 24 2y 120 o, 58 34 H 3 52 AL )
I ARHE R S min FE K F 10 min, & % S 50F 38 B %
JE AT 250 wm o X BT B 1 AR G R B
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&2 DI RESEAS IE 5, {H Ik vk R G f B 1 Bz 15 52 B[]
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B R SRR )G R R e 1~3 d R
Ko T B A R SE BER IS 2 0 R T B2 T R,
25 20, SR & I 90 R BB GIRYT  (HIX G
7R A S R 8 R 3 R O TG B B AR . AR ST
KB rh-EGF i IR o5 HR A BY T a4 80 4k £ B8 10 2 9%
AR A B TR A A AR S5 B PR B AN 3 JE%, ek
A T 0 L Rz 8 2 RTH R e K A

F I R 3546 200 AN A o fk R BE DL K
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B EGF 27 4 4 i AR K 145 F 47 52 2% 1 40 g
55 AR IR MR R 88 HR 64 K T
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] S AT B ARG 5 714,28 K, H I AL b B Ak
AAE S5 IR I D BE 22 57, LA 45 Sz oA [ T 25 2 75
FEAE ¥ AE 3 W JH R B &L W, rh-EGF Ay & &
NIBUT TEAR G55 7 KFNHG 14 K WE 25 00 T 4.
JRAE 2 A 2 B AR TH IR0 8 e M T g 22 SR C A o
HSC B ch-EGF &2 19 OSDI {ELPK A2 I ] 1. %)
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LR L IR B B A IR0 152 AL B B L B A
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BHE LTS FRERM ) TR 2d F 2017 4 10 § 6 H
EHEGRAMERDRLS . BE 2 d A58 0 BAUR JC I =9 )
TR, O R IR I, B s TR k. IREP R A W
JIAIR 0.04, B IE A48 5, A2 IR 0.04, B iF 0.3; IR & 47 IR
19 mmHg( 1 mmHg=0. 133 kPa) , £ HR 20 mmHg; X AR BR 4% T
KA 1) BorE 2R AR A B S T W) (keratic precipitates,
KP) (+), Bk NI (=) , BERE IR B W o RIS A 4 - SR AL 72

LA B, 3035 O W, 9 T P I R T R A 30 R A o i T
DL AE R S B R AR AR AIR SO 5 R R I RT DL R L/ R
(E2).

B 1 GATFEIEE WARF B RAT IR
IR B.ZMR [E2

A DLRIREE I O L A
BITERENREEREKSG SR K,
TSI, AR PO R e, F5 40 50 ] 20 98 O o ] D A AR, 222 R
PEEDIR A 5 T W AR VN RILR BE i A AR B ZEHR

2017 4 10 A 6 H %6 E IR E L4 1 % (fundus fluorescein
angiography , FFA ) K £ 7 2y e JJk 57 30 oK W0 B 2 5% o, vb 09 AT L
R P S K A7 B Gt AL R O, RE PO R B, I
B A B S, 2 e OUUHR R P B ot A 4% (1L 3) o DA T E
i (optical coherence tomography, OCT) £ £ 7~ X HR % B [X. M A1
7554 B R Do R 2 b e SRR 2T LR TR I X, A TR R (A
4) . MFFEMIE R o ABEJE 17 H ZE K FA 10 mg KO 236 97
3d,BEWIEME, 2017410 H 9 B, BEW AR 0.04, %

EASE R AR 0.04, 8 ALy 0. 1; IR IEA MR 29 mmHg, 72 R
38 mmHg; HR JFS HEARAG 25 75 A7 B A0 3 S R I AT L R & KO IR
B i A R 0 L HCAE bR A ik (B S) L B R IR A T
YL PN o IV 27 A i E R L T I A R R T S TS
AVIER 0SB RAUE PUR PR S5 PE  RGR 3 R
AR, 2017 4 10 7 11 HE5BE R LB RR 8 R
N 11 mmx 15 mm, 52 PP MR CT R A 52 7 22 Bl 1] o 7 o
TEIFW N BB AR 28, 5 B 2 T o AL AR (MR S5 A%
B5NNET) o ST M TRIG o CT 458 A IER g T 48 i B4 o ik
4% (T cell spot test for tuberculosis infection, T-spot) ¥ #r , 2017
£ 10 H 19 H T-spot £y £ 45 K 2 B, 2017 4 10 H 23 H iy
TR IG5 CT 78 2 il T i JE e g 728 A AR 2 i 171 9k 2 8% b K (18
6) RN ALY T REPE K o 45 & A I R 3R B R A A 25

T R AL P P I A R o 12 W - IR &5 A% P R A AR AR A
B ML . BT o MO Sme/(kg - d) . R FEOE
10 mg/ (kg - d) , My M Bt 2 30 mg/(kg - d) Fl & & T B
20 mg/ (kg - d)4 FPLEE WIS (T VG YT IS 2 S5 T 6 R
RJeHA 30 mg, 55 H IR, AR IR A5 128 . JR97 )R 14
AR KA S AR 1.0, 28R 0.2, % 1 0.8; iR & 47 R
18 mmHg, £ HR 21 mmHg, MR ERES BT H g 2, KP (=), 5
KRR (=), IRJRE A e A DL SUAR A0 4k 0 5708 28, AL I AR, 2
R o 65 48 e A DL B S L o o 8 R ) AR (18 7)), OCT
A 5 7% LR BB DR P P 22 b B 2 TR RO O, PR I A A6
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