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i o T T 1960 10 7 & * Safety and efficacy of filling the vitreous cavity with

o kL AL, ineEs, = . polyvinyl alcohol hydrogel in rabbits

i@?ﬁﬁ%#fﬁ%@%‘;ﬁi{ﬁﬁ * FENG Song-Fu,CHEN Han,LU Xiao-He
* L5516 @ 163. wom: ORCID. 0000. . [Abstraet] Objective To evaluate the safety and efficacy of using 30 g - L™' pol-

002-3494-4013 3 yvinyl alcohol (PVA) hydrogel to fill in the vitreous cavity of rabbits in a long term.

, Methods Totally 12 New Zealand white rabbits were randomly divided into 2 groups:
. About FENG Song-Fu:Male,born in | 6 in PVA hydrogel group ( PVA group) and 6 in BSS group. The right eye of each rabbit
o October, 1982. Medical doctor. Tel: [ i the two groups underwent a three-channel vitrectomy. After that, PVA hydrogel and
. 13570323495 ; E-mail ; fsf516 @ 163. ¢

* com; ORCID :0000-0002-3494 4013 + BSS solution were filled respectively. After surgery, the eye was examined by the slit

ceo

ceo

: ’ lamp , ophthalmoscope, ultrasound, and fundus photography. And the intraocular pres-
‘ 1A H #A:2018-01-19 ’ sure was tested. On day 90 and day 180 after surgery,the electroretinogram (ERG) was
* f&E A #:2018-0521 ’ performed. At the same time,the rabbit was sacrificed and the PVA hydrogel in the eye
¢ AXmE AR ¢ was collected for rheology examination. And the eyeball was sent for pathological exam-

ceo

“ E%Iﬁ E= [E %fl Z}‘ (R T : ination. Results By the end of observation,there was no obvious abnormalities in the
ig;%%%gé ﬁﬁ;g?oﬁig ' cornea and anterior chamber in PVA group or BSS group. Two eyes were complicated

0e0

o0

o« B RN LT I B B R . with cataract in PVA group. One eye was complicated with cataract in BSS group. None
o Received date:Jan 19,2018 . of the eyes in the two groups had developed complications such as hemorrhage , opacity
+ Accepted date:May 21,2018 « and proliferation of vitreous body, or detachment of retina or choroid. As for the in-

Foundation item: National Natural , tg0cylar pressure, there was no significant difference between the two groups at each

: (S;ll;zci 1\1}:?1538?2}12 )hmd Project of ‘ time point,as before surgery and the 3rd,7th, 14th,30th,60th,90th and 180th day after
¢ From the Department of Ophthalmolo- ¢ surgery (all P>0.05). ERG examination of the two groups showed that there were no
¢ gy, Zhujiang Hospital , Southern Medi- * significant differences of the post-operative peaks of wave a and wave b in SkotERG
: gianUZiMSig’ Q”“”C%;ﬁ“" 510280, : and PhotERG comparing with the pre-operative peaks (all P >0.05). After fixation,sec-
S ooenn f’ ‘i"g ’mfmcf.”":l... tioning and HE staining, the eyeball was examined by light microscope:All retinal lami-
na of the two groups were intact. The inner and outer plexiform laminas were continuous. The inner and outer nuclear lami-
nas were arranged neatly. All retinal lamina showed no obvious changes like inflammation , degeneration ,and necrosis and so
on. Examination by electron microscope:On the 90th day after surgery,the mitochondria in retinal pigment epithelium were
slightly swollen, with blurry structures and appended by polymeric PVA. On the 180th day after surgery,the mitochondria
were more severely swollen, with blurrier structures. On the 90th day after surgery,the vitreous cavity was still full of PVA
hydrogel , without obvious signs of degradation or changes of viscoelasticity. However, on the 180th day after surgery, The
PVA hydrogel became watery in the vitreous body,with obvious degradation and decreased viscoelasticity. Conclusion
PVA hydrogel (30 g - L") has a satisfactory biocompatibility and retinal supporting function in vivo,but can be degraded
after filling for a long term.
[ Key words] PVA hydrogel;vitreous substitutes ; vitreous surgery

[#ZE) HE 4930 g L' TH B (polyvinyl alcohol,PVA) KBk /2 R IFBARE N KL A0 oM 5 F 2k, Hik

KA LG R 12 RIS A 2 . PVA KEIRZ(PVA 20)6 X BSS1 6 X, 2 40 %4 IRAT =18 ¥ 3 38K 2| R, b 338 1k
J& B3R PVA K IR A= BSS ik . RJG AT O (IRRAL IR JE B iﬁﬂﬂﬁuﬁs BANK & RS 90 d. 180 d 4T4L M i &, 7% B
(electroretinogram ,ERG ) # %, ] B 4L 56 & JF 4 R IR 3R, M SR AR PVA RBIREIT AL FH S BRAREREFAE S, R 2
MR LM PVA 405 BSS LA KMR G AR T A FH AWM EFH ;PVAAA 2 RF R G AN BSSHA 1 RiFL & MK 2 HmARY
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AN FBARAR S ik B AR IS RA I B S L E R, REKF L. KT ARG 3 d.7 d.14 d.30 d.60 d.90 d F=
180 d, # 2 J8) &b 18] B AR R F 2k £ ¥ Rt F &L (3% P>0.05), ERG #3542+ 2 21 K SkotERG #» PhotERG #9 a 3% .b
WA RKaTAavk, 2R RGHFEL(3 A P>0.05), MAMKEZF R ARG FEL(3HH P>0.05), BKE A
FoHE & KT 272 ARBRALF A E LM 2 AR EF SR Aok B4 W I 2R HE 7] 557 AL M R 4 2 e
ANAREE FEMR FEFRE, OETURET . AE0dAREE L L mibE Bk MR F, ABRAPVA F
ST W& ARJE 180 d A R 4m LK AP A Em & 45 H) B A, PVA REIRAERE 90 d S IFRIE AABA 403, A L
R B R AE TR AR R LA R BCE , M 2 RJE 180 d S F KRR M 49 PVA REIRKAEH IS % h LA R IE M, F550 M 48 B 5 1K,
it 30 g - L7'PVA KBS AER A RIFH AL AR B Fo il M R 5 35 20 48 12 K M 7 )6 2 S %R

[X#iA] PVA RS FBEBRY BB TF K
[(FES%ES] R776

H SR % B A% — PPN o] P AR A BE IR 4181, 7
TTBE SR Y) B AR G , 75 BN D3 58 Ak 35 70 3 5 1A
Jis , DASZ A R BRI D 5, A1 28 FIR Ay 2L 2 A 00 1) e g
S5 E AL, HETHFIGR M N TH ik 24
FEIh EERE MEME SRR E KRS BRI T
TeECRFE T T B BT R B IR N #ENE TG
Fri sl oe el ORJE 4k & H OB A AR A
B AL AR P e I A T e il
ARBHFIR BT TAEE 138 V)75 2 TR —Fh s e
E SR GREI 3 Y N A/

IREEE R HA R B E P AR TERE, B
W EE AR A S, RS I R AE 2D, BEAR 4T Hb
B0 SR B AR S5 A R, DR e 25 2 N T3k
BARREREE S N B U R RO —
S E N AN s O R AT S RTE R AP B O
VEARTT ) SR BB AP RE AR LAY 2R 2 J5 1 ( polyvinyl
alcohol, PVA ) /K #EJii—30 g - L™'PVA K#EEI"!,
AHFFEHE — 25 A S 30 38 1A i P A7 4 9 Ji
FE, AMEE30 ¢+ L' PVA JKERICIE TE i 22 2P F A
PR A S P

1 ST

.1 B#E Bk % 12 B 6 1, KR
§2.5~3.0 kg(J"RAEBE¥1 51 P .0) , PVA
(E[E Sigma 2\ F]) , Bk R GUMCER TE SR (48 2y 25
WA BRAT]) , £ W P R T SR (R 2
BRAN D) , 5277 FE M g R ( 2 B 25 1 245 TR
DAY T (52 H B AR P o R T B 5 2
B R BSS IR (M & A E R A ), Z
TR M SR AN T IR (2618 Aleon #2528 7)) , %
POV IR (T AR 258 7)) ,10 g - L7 ESERIK
JEAA LRI (B AR SR 22 1R 255 7 ) ; Aleon Ac-
curus B I AL EIHL (5[ Aleon 23 7)) , Tonopen 2
MR ( 35 E Reichert 23 1)) , B 22 W58 i A HAY
(#[5 Roland 2y 7) , B R} 75 12 W7 1 ( Cine Scan,
BVI,Inc. ,3:H) .

1.2 Fik

1.2.1 PVA KEERISIE FERER30g- L7
PVA 7KV, 18 38 B 25 VA i 0 5%, 8 AR Lo, i
iy 4T 2R (Co60, @ BE 0 i o 7 kGy, 7 i %

2 kGy « h™", ) PN e v REH AR AT BRA 7] ) 6 HE S Bk
#4530 g+ L' PVA /KB, ¥BKBERIZFAEEF
K TR i 48 h, BR K R SCHK PVA UK JE , B4R
LB

1.2.2 ¥R HE 12 HH 2 f Ryl o
2 21:30 g - L' PVA JKBER41(PVA 41)6 H BSS 4]
6 Ho WG MRAE AR, ARATHE AT RBAT VIR
IR RS Ao >R FH ER m2 S PR S K (30 mg -
kg ™) FIERER AN R SR (15 mg - kg™ ) IRA LA
TS AT 2 B BRI . FRIH B4 D, OR & R v sk
LERE 5 g - LT RN IR WM IR T R 1 RR . A
IRAT A i =38 T8 3¢ B IR VT HIR , AT R - sC 3e, 7E
L1 g Bz A LAY 11 P S 4 7 A 30 g - L™ PVA
TKBEEEE BSS ¥ 1. 1 mL, A J5 4377 4 45 TR 2
FIRBREENRE AR B 25 e U BT ot R B P 22 A 8 R
HIFEOKRINIRE . ARJG 2 2 Ji 240 55 25 L 38K
TR (ML TR ) T AR, B R 4 K510 g - L' ESIRIK
JERAIR IR (A J14) IR, B K 4 WK hi i 25
R (B p R ) TR, K 4 IR

1.2.3 RKEMWE KR)53d.7d.14 d.30 d.60 d.90
d 180 d 73547 Z4 BT | RIS 85 K6 A AR MR Al )5 9 1%
it \Tonopen 2R KSR &, AJ5 7 d.30 d,
90 d.180 d 73 5IFT AR B K, AJ5 90 d.180 d
AT AR R E [ ( electroretinogram , ERG ) #6: %

1.2.4 RBKFEFERZE HHI7EARE 9 d(PVA 4
3 H BSS#H3 H) 180 d(PVA 443 H BSS 41 3
) SR SR TR ST (30 mg - kg ™) FIEh iR A A &
(15 mg - kg™ ) TRA AL S RIS , T H-Z &k
S 5 ) 22 R A JRR A B8 B, 57 207 T IR 35Kk
TR AT A IR BR B AARFL 5L 10% R 1A
IR MRS R B 2 48 h U147 HE e fa,

1.2.5 RN A5 90 d.180 d 4bFE it
AR Bk 5, B0 B B AR B 1) PVA K BEJE, 17 9 A8
ZEAI , SALAHTEAT b3 R DFreqSwp Test 2
7, SRR o JEFE1RE R 0.01 ~10.0 Hz, £
DRE SR BT Y I E R | Bl B 1) A9 A8 Ak, LA A7
15518 (the storage modulus, G’ ) K& #EHi# & (the loss
modulus, G™ ) I7AE{L, /3 HrFE S G FL G”

1.3 Sit=AE R SPSS 19.0 Geit= k1 Ty
ST AT ESORERH & s 3R, IREMBRAE
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IR ZE )7 224501, ERG ¥R I8 {8 FH 8. R 2 07 24 4%
H7 (One-way ANOVA) , Jy 255 i 2R F] SNK %347
I, T EARFFRERGERL F RS Welch 3817
EIE , R H Dunnett T3 L7 2 H L, P <0.05 Ky
RGN

2 #R

2.1 IRETTPWELER AKRJ53d,PVA 45 BSS4
ARARITH B T A [ A2 45 1K i 5 1L 0 s 6 JEE
RIENL, BARSG 7 d X BEARAE 40T IR s 7ERE S K
K6 A H BIBETT WSS K B 2 AR B4 5 | i g 4
YITGHA B 5, R R UL PVA JK 8 I 0E AR 5 25 1
tlo PVAZLILA 2 (B R & A, AR
33.3% ;BSS A 1 fl kA TR B N, KA
H16.7% |

2.2 RIRWE BSS ARG 3 d KL A WALE:
A ; ZAR)E 7 d B, BRI IFT A WA AL 0 A L
B HEEIATR (R 180 d) , HREEALR I L 14

B RAEW T WL (K1) o PVA 4RG3 d RIS
WIANE ; 25 7 d ATRR 20 DLIR IR A A s 2R
Jei 14 d B, BE ¥ BT DL 1) HIR PS40 Do | i 45 0L 4% S5 45
¥ SR RE A N B & R ALt — 2 s, R J5 90 d
F1180 d, AR JFCZ W AR AS B , (E ATy AT DL AR AN il
B AP IARGE R (B 1) o FEREANBE T WS HA
2 AR A AT BB AR L 30 355 A A0 D) R
PR B0 125 Jok % ot 125 S 0 R A o

2.3 AERERELE PVA 4 H BSS ARG 3
d.7d 14 d.30 d.60 d.90 d 1180 d MR JF ) 2 545
TR, SARET A ZE RIS (P >0.05) ,
ZH (A1 A% B ) SRR R P e 22 R R it (P >
0.05), %1,

2.4 ERG #H&ELZE ERC K& 275 PVA 4
BSS ZHAJ5 90 d #1180 d BH g )i 1 HE A8 v 1 a I \b
WIEE S AL, ZR W THEITFE L (R P>
0.05) ,AH[H] FbH 2 T IR RFEIH2=B L (¥R P>
0.05), 32 -3,

1 ARJF 90 d 180 d 2 LRI AT AT A 45 9. A B E F HARJF 90 d,C.D .G H AR5 180 d

%1 BSS ZH.PVA ARG 8 AR E bb 8 (xxs)
g1l IR i/ mmHg
— FNil AE3d RIE7 d KI5 14 d RJE30d AKJG 60 d AJ5 90 d AJ5 180 d
BSS#H  11.56+0.98 12.39+0.85 11.72+1.02 11.11+0.83 11.22+1.06 11.06+0.80 11.22+0.73 11.00+1.00 0.102
PVAZ4  11.89+0.96 12.51+0.69 11.44+0.92 11.67=1.24 11.06+1.26 11.11+0.83 11.39+0.92 10.89+1.05 0.090
P 0.200 0.082 0.757 0.141 0.207 0.330 0.248 0.066
%= 2 BSS 7H.PVA AR[E R E skotERG #RMGE{E Lb
o a JARIE/ LV b PR IE/ WV
ZHH

KR KI5 90 d AR J5 180 d P A Hi ARJ5 90 d AJ5 180 d P
BSS 41 17.90 +2.30 17.53 £1.75 17.33 +1.53 0.412  185.50+21.14 178.33+25.17 181.00 £21.00  0.461
PVA 4 18.47 +4.45 18.07 +0.90 17.67 +2.08 0.537  187.33+20.32 185.33+16.62 178.33+29.54  0.554
P 0.414 0.080 0.305 0.790 0.092 0.103
2.5 BORFESRESR HERERUHE FWE BRI, SETRZ A S0E — 50, SR

B AKRJ590 d #1180 d,PVA 41 BSS ZH¥ZRE M M

RESTHOMIRR , i e 58 0 2 2, R WL WA A2 5 P 4 i
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il ARTE IRBE AR B s IR BRBEAR A (0 K L Bz |
MR ILAE R R EOE H, JCH K i bk 2 20 i 3=
2SI L I 2 SRS S A e 4, o 2 2T )2 0
4R, WAIRZ AP IR 2 18 22, I L SN2 41 HE

%3 BSS 4. .PVA AAL[EHE photERG #RIEE LB

SRS (E12) o HiBE NS A B AR 90 d AL 19 i
(R b R AN SRR B K i 454 g, )
ATRESE PVA &0 THIMEE s ARG 180 d 2ok A4 i
PRI B S IR 2 SR (1] 2) o

i a PEIRIE/ pV b PdRiE/ pV

AHi ARJF90d AJ5 180 d P1{g AHT AJE90d AJF 180 d P1{a
BSS 2] 8.55 +0.64 8.37 £1.68 8.10£1.15 0.841 104.67 +22.64 98.67 £5.13 97.00 +6.08 0.678
PVA 4 8.28 +1.82 8.07 x1.21 8.10 £1.91 0.639 101.67 +£20.06 97.93 £9.60 98.67 +1.53 0.740
P{H 0.933 0.061 0.212 0.707 0.091 0.580

B2 ERERFHF2ARALS R, RIF90 d(A.C) 180 d(B.D)2 41
AN L 2455 R (HE Yefa, x200) ;E: R J5 90 d PVA 41
AR P JIE A0 A 85 1 5 F 2 RS 180 d PV A 2H A IR A0 49 1% 48 e
EEE ]

2.6 RMEZFWMEAR AKJ590 d,PVA AHARRAKY
PVA JKIEHE AR DL S M5 (1T 3A ) LA 1 E AR
FERITAH LG 28 B2 AP i (GT) A(6. 1 £1.3)
Pa [FfRZE (5.4 £1.2) Pa, HEFEREE (G") (1.3 =
0.9)Pa [FMKZE (1.1 £0.8) Pa, SRTTEAJT 180 d,
PRI PVA JKEE I B 08>, KA i
WIHEZ (B 3B) & /K o i B W WA, LA A A
(G')M(6.1=1.3)Pa [E(KZ (3.9 +0.8) Pa, HiFEH
(G M (1.3 +£0.9)Pa [#fKZE (0.8 £0.5) Pa, Fi it
PERE & A

3 e

FeEI A F A PR _EME—RE ] T AR N BRE Y
AW, MR FEUREAR I, th T 00 T8 52
5 S Z AL S AR L R AT o BRI R B
IKPERDE, HUE KRR, JE DGR R A SR BB A
RSB o U, BRI TS X
R TR AR A X T SR 2 Bk A

B3 JARERIAE R, ARG 90 d, PVA 2 A HR HR BR i 10 72
52, IR PVA JRBEIBCC W] 2 AT O 47 28 W R 86 355 B2 R
J5i 180 d, PVA L AR IR IR PRy /A S5 I Al 25 40 R W L, v I R A 6
Z KA 5

FOANRE 55400 o [ B AEL 3t 42 Mk, 3RO AR RS 52 B g
BESEARRA 1 FLAEAEVF 2 ARG I KA , Tk I 5L
e SERAE L P BE AR AT LR A S AT B
B A B AL B 1 R R
TS R R A RS J s 25y e ok ™) A e O
o PRI, kil BT H B A o 1] R HL I AN e
AR R B AT

IR g e N L3 B 0 e 5
PUHEAT R 067 W B PLBRCPE BE , L 722 1 RE LA
e RO AR PIAR 2R, REAR A B A0) B SR BB A 14
R AR R N AR Z B2 TARE BB i A
WFFEAE RIS LE 5 A SR BB IR PEREAR LAY 30
g+ L' PVA JKEEIRE, I 4 H I 70 S R AR i 1A,
Fr— WS LA N SR E ) 2 A PR e . TEAR S
I A B PVA 2 AR HR AT b7 A S N4 BSS 4 7,
HEG T Ry IR TR YT 1 JRJS , JRAE L A ) )
Gr ], AR , RIS SR D7 ¥ 5, 1 b
AR IUAT K BEIBEHENFNIL IR 3 5 O o A 28
ST RE MR IR AERFROT AR, R LA A A A 4k e 1
T OGHR T VA TR Jet | 4 o 49 o I 25 45 0 SR
G SE R SR B AR PRGBS R AR
XI5 I LN B, (LR 3 AR P O ok ] A 2 o IR
JEEAR IR L%, X 1] E 5 T ARAS B 1) 81 5 Al PVA
IKEEIEIATE i 51 A P HR AR 5 502 | K B 5
UNENEES LS AT INE TG R e s

ARJGH IO R 7R, A AR D5 A LR
SELEAOR LI S H o [ GE ERG A A $ s )
WIS T RE AR TC T 41 . A G TR L
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WEA5E R [ poly (1-vinyl-2-pyrrolidone ) , PVP | 7K B i 14
PR 70 f S SOHRL I B 1) S 19 9 0 A L 3 A i H:
SR PR SE B 02 75 TS I A2 B R - O /K B , T 52 Bk
A ER SRR OC . FRATTR A 2 8 B s ik
()7 35 2 A5 B A K BE R, it O 1 ACHK R 5% B, e LA
BT A WA B A PR A A o SRTAE LB T
0 AR B £ 2% b B 20 L P b AR B S e i | 45
PR ZETL , T HL A B ] B B, BIOR J5 180 d A £k
LA I B I B S5 R EE AL I, X AT RE S
PVA K BE IR 5 fif Ry s 4 1 B A 0 A0 M W A A
K, MRS PVA JKEERA B B0 A0 31

FIFGE R IR A PVP 7K BRI 5 7K B e A8 15
TRMGEIPE T 1 A7 W g6 1L 72 rh & B PVA
TKEEIEE W PE— EORRR R AT, R WL B 2 AR ol X m]
AE 55 7K BEIE 1Y 2 B8 A Wk T kA 6, JAT T A ) 2
FE IR SCHR T v, MORE U PVA R R 25 32 A
SEIR ARG 10 7K B M A itk i Rl 8 e 2 S BB 1 52
Wil T HAEZ 4L 90 d AR NIE 7T, PVA JKBEEAR HS
IRk 25 1) A g R A 5 (FUR PR S FE A (] 22 180 d ), 3%
TEURIEE R PVA JKBEIE KA T BRAE | 7K B I 1) 3 W
WD, K FEY) BT W] S £, LR SRR R A ] S R
1%, 3705 HE 70 B B AAC B 1) PVA 7K 38 I 9l 30 4 e fit
HCJE R AT RE AT K B B AL PSSR ol o v S Sk R A,
TS I AR W 1 /KBRS A A K IR TR R B )
PREL, S BOLAUMMERE T 1% 5 S K EER T A RN S
PRI 42 i, 2 5 T IR N BB R AR T, e 2en]
RER AL D0 400 i A O, 7E ML 58 B o & B T A0 9
R 28 R A M i ORI SR LA PYVA (5 2 0 Y
FETE

R , 280 Sl 35 1A s I AF 90 L5 L, 30 g -
L™" PVA 7K g A w5 s ASE 400 [ AR 3% 38 A 1) o |
YR MR R VERE , HA AT I LR W AH 725 PR 0 S
Yo (FRIER K LAE IR RS 30 g - L7' PVA
TKEEIEATY T A 3 3% At MR A, AT b a3k £ i A A1
IR R SR (A i — 25 S A 5 Y [ R

2% Lk
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