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Abstract

BACKGROUND: Amniotic membrane transplantation has been used to treat chemical burns of the eyes at various stages. It promotes corneal epithelialization,
reduces inflammation, and restores the integrity of the ocular surface, preventing thawing of the ocular tissue.

OBIJECTIVE: To analyze the efficacy of amniotic membrane transplantation in ocular alkali chemical burns in the acute phase (7 days after injury) and in the
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repair phase (8-21 days) and to compare the effects of amniotic membrane transplantation in ocular alkali chemical burns with different degrees, in order to
explore the optimal timing and mechanism of amniotic membrane transplantation for ocular alkali chemical burns.

METHODS: A retrospective analysis was performed in 47 cases (59 eyes) undergoing amniotic membrane transplantation for ocular alkali chemical burns in

the General Hospital of Northern Theater Command, China from November 2015 to December 2021. There were 26 patients (35 eyes), 0.5 hours—=7 days
(including 7 days) after injury, in acute phase group and 21 patients (24 eyes), 8-21 days after injury, in repair period group. Of the 59 eyes, 39 eyes were grade
II=11l (moderate burns) and 20 eyes were grade IV=VI (severe burns). Patients from both groups underwent amniotic membrane transplantation the next day
after admission. The corneal epithelial defect healing rate, vision, corneal clarity, degree of ocular surface inflammation, degree of corneal vascularization,

and symblepharon were observed and recorded at preoperative and postoperative 3 weeks, 1 month, 2 months, and 3 months in the two groups. Statistical
analyses were then performed.

RESULTS AND CONCLUSION: The acute phase group was superior to the repair period group in terms of average epithelial defect area, corneal epithelialization
rate, average complete epithelial healing time, best corrected visual acuity at 3 months after operation, postoperative corneal transparency grading, incidence
of symblepharon, degree of corneal vascularization, and success rate after operation (P < 0.05). By the end of the follow-up, the success rate of amniotic
membrane transplantation was significantly higher in the moderate burn group than the severe burn group (P < 0.05). Most of the patients with failed amniotic
membrane transplantation (65.2%) suffered from severe ocular alkali chemical burns, accompanied by a large area of limbal ischemia. The ocular surface could
not be stabilized after repeated amniotic membrane transplantation, corneal conjunctivization appeared with central corneal neovascular infiltration and severe
symblepharon, and visual acuity was reduced to manual. To conclude, the acute phase is the optimal timing to apply amniotic membrane transplantation for
ocular alkali chemical burns. For patients with severe corneal epithelium defects who suffer from severe ocular alkali chemical burns, amniotic membrane
transplantation needs to be performed multiple times in the early stage, thereby supporting wound repair. For patients with severe ocular alkali chemical burns

who still have persistent epithelial defect after a series of amniotic membrane transplantation and have a tendency to dissolve the cornea and conjunctiva,
amniotic membrane transplantation should be terminated, and permanent blepharoplasty or conjunctival flap masking should be used. After stabilization,

second-phase ocular surface reconstruction should be conducted.
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Table 1 | Dua's classification of ocular surface burn severity
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Table 2 | Introduction of biomaterials used in the clinical trial
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Table 3 | Corneal neovascularization grading and corneal transparency grading
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Table 4 | The degree of symblepharon and the severity of ocular surface
inflammation
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Table 5 | Basic information of patients before surgery
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Figure 1 | Survival curve of corneal epithelial defects in two groups
2.5 RBEHENRS SHHRETBREFIEMIARTT S ARG
1, 2, 3MAWE, ZHHAEEZFIER (0 P=0.001);
BEMHRMESARE L 2P AE, ZRLEEEE X
(P=0.107, P=0.064), 5 ARJ53 M HWKERH B EMERE X
(P=0.014), .3k 6.
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Table 6 | Comparison of the best corrected visual acuity between the two
groups during postoperative follow-up

S ] LA (n=35) 15 W14 (n=24) zZ{8 Pl

N 2.01#1.37 1.93£1.06 0.237 0.813
ARIE1AA 1.13£1.10 (0-4)° 1.724#0.82(0.4-3)  -1.116 0.264
ARfE24A 1.30£1.72(0-4)° 1.68+1.11(0.4-4)  -1.547 0.122
NEERN:] 1.22+1.21 (0-4)° 1.65£1.24 (0-4)°  -1.925 0.045

FE: S5ARHTHE:, *P<0.01, "P<0.05

26 BRASE (SBRAMRE) SUENH. BRI RGER
R EARE 1, 2, 3SMAHEZEREAEEZEMEE L (BN
P=0.00). WAARJEHEVIHLEZER T RZEER L, W&,

R7 | REMIHRREERE LR Dets( iz )]

Table 7 | Comparison of ocular surface inflammation degree during
postoperative follow-up

1) eI (n=35) &5 W4 (n=24) Z1H Pt

E N 2.54+0.56(1-3) 2.46+0.51(2-3) -0.726 0.468
VNEREIE 1.03+0.89(0-3)° 1.42+0.83(0-3)° -1.682 0.093
VNEWENE] 0.63+0.87(0-2)° 0.96+0.75(0-2)° -1.583 0.113
Rig34MA 0.40+0.65(0-2)° 0.62+0.71(0-2)° -1.365 0.172

Fik: 5ARAETEE:, *P<0.01

27 RAREVE SYEMAMRBEEWEARTEAEL, 2, 3
AR, ZRIA R E R L (P=0.00), 1251141 A IKI%E
MEARMEARE L 2, 3R, ZRAHEEEEX
(P=0.00. 0.012 f10.012), .3 8.

%8 | REMIHABEIERELR Dxts( YEH )]
Table 8 | Comparison of corneal transparency during postoperative
follow-up

S 1] SEHIAL (n=35) 155 W14 (n=24) Z{d Pl

N 1.80£0.83(1-3) 0.71+0.75(0-3) 0.206 0.836
AR 1AA 1.1240.93 (0-3)° 1.3840.88(0-3)" -2.307 0.021
AJE2/4MA 1.16+1.11 (0-3)° 1.29%0.86(0-3)° -2.537 0.011
ARJE34A 1.3241.25 (0-3)° 1.54+1.06(0-3)° -2.293 0.022

FE: S5ARHETHE:, *P<0.01, "P<0.05

2.8 RIBI A ML A RBAZE Al E I e
M 13 B (43%), 1252 #ALL M/ EE AR 5 17 IR (57%),
2 B ENE Y (x=6.465, P=0.011), ¥ 9.

=9 | RiGbEHAE AEHE MEFZRE L [xxs( )]

Table 9 | Comparison of the degree of corneal neovascularization
between the two groups during postoperative follow-up

1) s (n=35) &5 W4 (n=24) Z 18 Pt

VNERENE] 0.000+0.000(0-0) 0.083+0.408(0-2) -1.028 0.227
VNEWENE] 0.000+0.000(0-0) 0.375+0.875(0-3) -2.497 0.013
RIF34MA 0.686+1.022(0-3) 1.667+1.390(0-3) -2.683 0.008

29 BEAbE K AR BAZE  SVENIH H IR E 7 HR
(20%), f&5 HHLH H LAG BRORG I 11 TR (46%), %2 R W& %
=\ (x’=5.714, P=0.017), .3 10,

210 FIEBAAR I B R BRI AT BIBETT SR,
TR A8 R W I e Al IR A5 AL, Rl A b s A=
ERIEFIE R BRME, W RTE. SEIRA A T A
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# 10 | AiEkETA LG BRMIETEE ELE Des( E )]
Table 10 | Comparison of the degree of symblepharon between the two
groups during the postoperative follow-up

i} /7] SaVEHI4L (n=35) 1EE AL (n=24) Z1H P
AKE14MA 0.000+0.000(0-0) 0.000+0.000(0-0)

AKg2/4MNMA 0.125+0.612(0-3) 0.286+0.825(0-3) -2.497 0.013
AKJE3MNA 0.342+0.906(0-4) 0.876+1.154(0-3) -2.683 0.008

PR AR S AL A B D) F6 0y 22/23(96%),  H e A3 IR A%
)% Ky 5/12(42%), A4 Fisher VI ML 484, o 20 A0
HEEA R 2 T BB R Y (x °=8.768, P=0.002). &% 4l
PR R0 25 40 IR (1) 26 RS RS A AR B 26 9/16(56%), L JE %
PR IR BT %8 0/8(0%), R4 Fisher #fi DI 15411,
J3 2F R A 4 D) 2 AT R PR X (X *=9.437, P=0.004),
P9 B LR 10, S A P R AR R R B Th RN
27/35(77%), EE A NSRRI %R 9/24(38%), ML LLEL
ERATBEMER X (1 =9.406, P=0.002). HRHEIEARFER%E
P 3L, PRZH N &S e b b BE YT AU T4, &
PERRAL T R AU . F MR A S W3 32 B0 3 FE T AL,
Ehelsi, A MG EREK, 4REZ RN LR
HR % TEi Ik SR R Tk

F11 | FRIBE LSRG EERRTTEN T

Table 11 | Distribution of efficacy of amniotic membrane transplantation
for ocular surface reconstruction in different degrees of chemical burns

EizEn SR (n=35) BN (n=24)

I (n=23)  EJE (n=12) I (n=16)  FJE (n=8)
FARUE 2% (n) 4 11 5 8
3% () 0 6 0 4
4% (n) 0 0 0 2
FalE e AL (n/%) 23/100 5/42 11/69 0/0

i 15575 BH B 20 IRFAMEGED] 1 IR A IEPESS 5 ARMABLED 8 IRA M AT
3RS 1LERMIEABE 9 MR < 55

2 MR ATES

IR (FlERT A 3/13 10/83 8/50 8/100
M / R )(n/%)
I (n/%) 22/96 5/42 9/56 0/0

o RE 5 R R P A X ?=8.768, P=0.002 X?=9.437, P=0.004

211 AMpAastt PIHEE ARG RGP FF SR o

3 i{tif Discussion

3.1 BRafbF R ey Rz R W TIRAS L SHBes, Bl
Sl e R R e i o 2 et = O P VAL (=T 2 B 2 L 7]
1] 1 AR y7 R 202 3 1. 2 (). &
SR (). AR (5 ). Sk 3
G LN, RIS S E SR IR SR TG 3 M 2872
o A B R R ) X ey UK B 2 TEAZ 4R, T8
MRS BB TE, 1A AL 2 IR AL A IR
T, 551 R IEIES S 24 h, TIAE 3d SIS, 42 K
RV NITEA I 7 d, RIS ) 2% 0 200 A 32 2 1 A B R 3 1) T
FE TR B AR X IR 7 2 AR AS S ARG A 1 (R
W) FERGEE 2 FE 3-6 AN, RYEHREEB K&
RYER T, R 27 4l B SR A A, L0 ) R I B

TR LA IRz EE 2 2 L, BB f L R s 4 AR
A, ST IR 3G A2 FIAS ST FE A Bk G 1 2 H IO A TR A
M A B 2 A T IS EOR E  AE b e R 3
R — A E . iR (R ) R HRTES S 3-6 M H,
B I TS 5 0 3 EEOR TR IR B R s TR IT
Ao WHIMALR GBS S TRE, mT ARSI
Beft, R f T AR I B e R A (X 3
G BRI B 4k M T AR o

3.2 FREAAME T IREAEIRAG RN X T IR 2
W, IGIR L ARE SR TT k22 T I 25897
NG TE ARSI R 28 LB 4 48 TIE BB A IR RS AR, (HR
JE A BT A BT 2 M T e 1 R = B B 25 A A o o
AN FEGE B BRI B A &k . Bl A 2K 2 s Th A
T G s Z RS IR R E & (4R T80
e stevens-johnson £ 1 A1 i D] 1 FRp sl P B Rz S5l
1)UV YESCHRINGE, SRR A 1T ST Ak s bt 1
M (dW) TUEEL, MR, 7 E A AR T
YHM R = A R R R I AR B, SRS YT Ak ANt Ak
SRR, R A P R AR ) R ik 80%. TE E R T,
IR v AR A AR, 8 G S BRI (1) R AR R A T
£z &= pTE/xE nERN P 1 00 e = = Wl SN SO = K T G BY PO SER =3
FARR ST AR AR 2 S I3 P R s v BLHE R KU = IR iR
JTHE M2 1, 2F MRS & —Fh AT SR 8] B8 T 1%

b VRHIE 7T BT S B ST R A AT R I R
YEIT IR B AL = B4 &8 3, AR b AL RN 66%, kT
PRABHASAWAT % ) [y 7745 H 2 SRS 1 36 97 1O # JE 1 iz 4k
AN 69.2%, W] g T LA TN B B B > (21 1R ),
H gy N FE ] TR SR AN R, e IR 78 98 N 358 4 BB 3 2 A
B K, A e it e b AL, S EURTE LA
GOMES %5 9 1 SHIMAZAKI %5 7 () iF 72 R 5 1 42 o ) Ak
hE, HEAEFARPMEH T EBRAEBS FF AR E A M
T4 FE1E -

BRI RAJG IR ER REFEE . MBI .. IR
ARG 34 B R g MFr I 1A E preics, R
A SCRR R — 3. AR A [R5 b 2 073 = i o A IR 3R A
O A (2 11) EE, v IR AL 2 e s 1 T A b B AT
AT A T G B 28 2 2 S IR AL 22 e A e 1 £ R R
Jit, [ TANDON 25 8 47 (s R 3R 56 VE4if 1 100 451 f 3
50 1) 11 g A 4845 ( b 2951 ) R 50 51 IV 2 4845 ( 267
oA ), oK ARER 24 K SRR VA 9T AR IR A A TR IR T X .
AR LW, BT W ARSG LA TRz,
SR A TR ™ AL S0 R I E 2 B RR i o P 2H 2 (R 7E e 24
G BRORG T T BB A T T TG 2 7. dhmifS 458 =
RS A 1 300 2 A AS R T RE B 1AL 2545400 J5 4 Ok 30 91
SE. SRR TE E S R =B e R, — sk
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HAEZE

RETOVE ST RPEAE, B 2k, E)EIFRE R, el
FRRAEH T AR, (EEEPTE AR, (kA b s 4 i
ML, EAERERRFMIAEL, N HIRR E @RI G A .
33 ZRFBEMSM ML TR EMIREA SR, EAE L
P BT o i, HL R SRS F 1) A 45 R4 24 4
BEHET S BT MRS R ST B R
FE T REAR LT ), A B T Joid 4 L AR 288 44 4 R 5 1 2 1 [R]
TR FUK ARG S E, M SR 2 0 3 5 R H
DU RBLTE B i TS SR DL R B R R T B S
SONE, A BELAS b i 240 07 265 B T e R I 4 L £ 2T 45
E O B, UK A R ARV s v s
FANE L R AT R R BN KT AR B, BB A B
AR % 9 0 S S A AR B K i o S o, AR IS5 T 4 B A o
IR PP 22 S BERT T A& 5 AN 4 RFHR % e 32 PR 2 b AN m] /b 1y,
AT DX TE 5 A JEE 4 BT T VP A = RS A S ) 2 o e B
WAREE, K, BT REZROFEREBE T BE, JH
B R IR RIS, IR A T 40 M 1 23 A 32
BUE TR T, MM R A R DASEIL . BRI RS iE i D
245 /N b R A TR AR DR DA 28 0 s S R S 0 PR R, HE
BB A A S8R T AL . TEEENL, T
ST E Ay R, MR R AMERS, BREmRO s b
B A 2R g5 4 o AR T 55 R H A2 I [R)AS S i
i S R R ey A, S IRRS R AR BT
Aee ARG 3N HATZREIERAE G HILRRSE 1 b R st |
A VR o FLn, AR AR A TR, MRS AL, &5
JEFRFERVA MR, DT IR E IR, 7SO K AR Gkl R
SR RS R, AT SR IHAT IR R ) s B
3.4 FREAEGLAE  IRBT TR SR S AT A A
TBIT IR BRAL et B, )5 7 d WATFARIBYT, BT
FA R AR PR B SRR 21 d S5 2 380 A L T A 1 LR
DRI R B B, gE R oR: fE5 21 RIMME Lt
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HIMTAEE WA, WA ALY a1
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B 7] [(7.0+2.2) F1 (19.5+0.7) d] AxF 5K B, AT it i1y J5
DRI 2 G AT 0 3 W47 2 INF 1) LY A2 N T) b ( 2R S5 3
Ji ), BRBT A AT BB PEAG,  EA R b R A R T
REE FCEICHE IR AT, 6 350 23 =F IEAS R 7] v g 2 B SR 1)
NGTFEAEFER T ITHHN, TTEM Y ERERE U B E 1 E 5
BAZE AV [R], PR HX W] RE 3 ORI (0 A8 5

PO BH FE RO A S AR I AL (3 I T B
v Bl s B 2H SRS R A ) RIS BRRIEFE B (B BRORG 1% 2 PR il
REKIEHIZ8), ZWEM™ELELZNTER), WHRE 1, 2,
3SMAEMARES T ER, SYEASY R TEBE
HHZH, IF B AE A R R B e e . RRF ARG
ST B, JRITI AR, RJGI7 R B, R
BHAR (/NT5J5 7 d) BT LUSE D9 R0 ek 28 R 4 12 i
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MO IR R HOAEE, A TIRFEDE, Jlb vl 58 I IR AE
HIEX TN SGE T, WA LHEZESR, HEMIRE
— R HE R R AR S RE, AR
SRR RS2 IO A R IR RN R AR B AR v, A R
JOT PN T B JER 2T 20 2 25 TR AT TR 4 A0, DT 358 B KT AR 11 ) B
85 1/ RIS 5 — 7 T RPAE A R B A B
=, (HEt IR s AR A 2 SRR A — AR,
I RAT R, WA 03 B K IR B2 . KOBAYASHI 45
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35 FEBMHMRREER FEBEEREKNHZ, 3
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