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Experimental study of the fully biodegradable occluder

in a swine model of atrial septal defect
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[ Abstract]| Objective : To assess the efficacy,tissue coverage,degradation and bio—compatibility for closure of atrial septal defect(ASD)
in ‘an swine model. Methods ;The model of ASD was built under echocardiography’s guidance after thoracotomy. Fifteen swines were
involved and all swines were sacrificed at 1,3,6,9 months after surgery. Doppler echocardiography was used to observe efficacy and
measure diameter of occluder disc.Gross anatomy was done to assess tissue coverage and degration. Hematoxylin—eosin staining was
done to observe inflammatory reaction. ELISA was used to test the level of IL-6. Results :Except 3 swines died of modeling, 12 swines
with ASD were built successfully and implanted with biodegradable ASD occluders.No infection or shedding of occluder was observed
intra—operative and post—operative. Occluders were placed well and no residual shunt was chserved by doppler echocardiography.
Occluders’ surface was partly covered with neointima by gross anatomy at 1 month after surgery, while totally covered at 3,6,9 months.
Compared with that of pre—operation, diameter of occluder disc decreased at 1,3,6 months after surgery (P<0.05) and decreased
significantly with the extension of time(P<0.05) ; compared with that of pre—operation, occluders’ height decreased at 3 months,6
months after surgery (P<0.05) ,however,there was little change at 1 month after surgery (P>0.05). Compared with that pre—opera—
tion, double disc area of occluder decreased at 1,3,6,9 months after surgery (P<0.05) and decreased significantly with the extension
of time (P<0.05). Compared with that pre—operation,serum IL—6 level increased at 3 months and 6 months(P<0.05),and declined to
normal at 9 months after surgery (P>0.05). Conclusion . With satisfactory effectiveness , bio—compatibility and degradation ,the fully
biodegradable ASD occluder is ideal for swine model of ASD.

[Key words Joccluder; bio-degradable ; atrial septal defect;polylactic acid ;swine
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Fig.1 Sketch map of the ASD occluder
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Fig.2 New tissue coverage of occluder at different periods

25 HEBREFBOUEREIEZETA

T 2B R BoR,, ARJE A ] g B A8 R M4 28
26 SRR B G 2F 3 X (F=157.744, P=0.000) AR5 1 A
(n=3)2H 215 25 %K (32.83 + 5.80) %, B4y 5 ; R 3
H (n=3) 4 (104.05 +2.47)% , KJ& 6 H (n=3) A (101.67 +
6.49)%, K5 9 H (n=3)7(100.50 + 3.10)%, H5eeHE ., 5
ARG 1 A, ARG 3 H.6 H.9 A¥THRE, ZRA50H %
¥ (¢=25.814,29.948 .24.528 , P 1<0.001) (/& 3).,
26 REHEZRABMREA

T ML IR , ARG 45 B 6] i o U T AR 8
2 F A G L (F=660.241,P=0.000) , ARH{f(n=3)3144%
LT R (431,00 + 16.64) mm?, ARG 1 A (n=3)4(328.67+
13.92) mm?, 2254 4t i2F 38 X (¢=16.299, P=0.000) ; K5 3
H (n=3)4(245.36 +7.85) mm*, 5KRf5 1 H i, ZRA 5
Hef X (¢=13.270,P=0.000) ; RJ5 6 H (n=3) K (114.39 +



— 1048 —

BRERKEFZER 2016 £55 41 £ 10 8§ ( Journal of Chongging Medical University 2016.Vol.41 No.10 )

6.76) mm’, SARJG 3 H L, 2 5 A 5012# 8 X (¢=20.860,
P=0.000); KJ5 9 H (n=3)4(29.10 £ 3.63) mm*, 55 6 H
S, 22 A BeiE R X (¢=13.585,P=0.000) (¥ 4) ,

1501

100 1

50

RSB (%)

04

;. \K\\ ,.%K\\ ; (ﬁ\\ ,.%K\\

@\‘ ,'-\-_\\‘ T%\\\ ‘%\\‘
a: 5ARJE 1 NH L, P<0.05

B3 HNBEERTEEAEEER
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Fig.4 Double disc area of occluder at different periods

2.7 S JEAR B F) B B KD T A

05 2253 ITAS A R AR 45 5F 18] B T B AR s R
Gt L (F=155.483, P=0.000) , 5 B 5002 B A Gei T 2e i
Y (F=154.398, P=0.000) /U MIE A 7 20 2 P 0 s 33 4 ) o T
B B 5 H, S5 AR NGB 2% 5 B4 B LA, RS 1
H .3 H K& 6 HBIREAG, FLRRT R ZE A FRAG I & 5 5 AR Fip iy dsf
WEan R 0 A BR T ARG 1 H S EE H B BARME , ARG 3
A6 ABBEAR, Horb  RAT (n=3) B i B4 B K (16.57 +
0.32) mm, ARG 1 H(n=3)7(13.70 + 0.46) mm, 2= 7G4
2 3 X (¢=6.953,P=0.000); RJF 3 H (n=3) K (10.13 +
1.00) mm, 5N 1 H A, 25 A 5001245 X (¢=8.650, P=
0.000); RJ5 6 H (n=3) M (4.63 +0.85) mm, 5RJ5 3 A It
BL2ESRAGIFAE X (g=13.339,P=0.000) . RAGEE H N
(11.83£0.31) mm, MARSG 1 H (1143 +0.76) mm, 2R T
Geitedia X (¢=1.313,P=0.380) ; RJ5 3 H ~(7.53 +0.57) mm,
SR 1 H I, 22745012458 L (¢=12.804,P=0.000) ; R
J& 6 HR(3.77 £0.35) mm, 5AK)F 3 A i, 2R HG5112%
B (¢=12.366,P=0.000) (& 5.6).,
2.8 F3EFEMAL

ARJG 3 AH BGRB8 5 B ok 4 4k 21 41
Fir Rl (1 7)

C. AJE 6 1H
Sk o ki

E5 AREZRHBOEEROHEREER
Fig.5 Echocardiography at different periods after occlusion
20 o AR B

o H

FHERBR A B 55 H(mm)

a: SHT—2 Hds, P<0.05

6 AREZRFAATIERFRAN
Fig.6 Diameter B and height H of occluder disc at different
periods after occlusion

B7 RE3/)AHERNARBRER
Fig.7 SEM of the occluder at 3 months after surgery



FERERKFFIE 2016 E£5 41 %% 10 83 ( Journal of Chongaging Medical University 2016.Vol.41 No.10 )

— 1049 —

29 IHMERELERKER L

ARJG VA BB A LA | b ok i & %
B E MR RIS 3 A RAE A IR ERTIR A KRG 6 1
A RAE SR T HEM ML HE B s R 9 A L 4l
JEHES RN, dn el 8 Fr7s, 25k I ) HE Bedak
KBS

A ARG 1A

C. RJG 641 D. AJF 9 TA
LI AR R AT AL 5 BB AT SRR R A AE AL
8 ARIGERHAN HE $ELERE(100x )
Fig.8 HE at different periods after surgery ( 100 x )

5
7 5
carengeln &

2.10 RJESHA do ¥ty 1L-6 T4

FEMERER, FHHRERFRITFE L (F=
30.481,P=0.000), RJ5 3 A .6 A 11L-6 WEB AR EI#H,
ARG 9 AREZEIER . Hi, R (n=3)4(50.165 + 21.921) pg/
mL, MiARJE 1 A (n=3) 49 (128.859 + 27.304) pg/mL, 257 T4t
T2 R X (9=1.223,P=0.673); RJ& 3 H (n=3) }(683.513 +
177.526) pg/mL, SARATH AL, 2 FH G2 X (¢=9.844,P=
0.000); RJ5 6 A (n=3) K (773.454 + 168.977) pg/mL, 5AH]
He#s , 2 FA G R X (g=11.242,P=0.000); KJ5 9 A (n=
3) 49 (74.954 + 28.200) pg/mL, 5ARRFTHE, ZR TR #E
X (q=0.385,P=0.791) (18 9),

1 000+
800 4
600 4

400 o

1L-6 ¥ (pg/mL)

a
a
L ,,\m,"?\ ,\"% {qrﬁ //b’{i\
S M S
a, GAHT AL, P<0.05
B9 HFmHESNEMD IL-6ZW
Fig.9 Changes in serum IL-6 at different periods

3 ¥ o8

1976 4£ , millus 5 King By KR T4 B 4
i (] PR, 2 Bdtig ey R R E AGA A r A1
Amplatzer B 2% RS S maUn L, B B4
s e SIEARICAZIRE . SR BRER G AN TT [
LA T BIUERN . APFRHGE TR B L8
T, B TR T RN AT REXH R L AEAR R
S B2 R A SR ™, 2010 4F, Morgan 5M7E
SCHR AP R B T — OB AL 4 T R A B A AR —
BioSTAR £ 2%, B G & S 2R M R 26 1 F il
B, SRR AR R FEAR 9 W] 58 2R A, (H 2 48
ol ald, Bk, 584 vl PR BT 48 Ak
AMIFSE B (B E AAH CRE SE AT AR X 2

AR SC 00 B 1 A% 0 S 40 55 BH AR X eh SRFL IR il
I, M A — b 2 %) A 40 T e fige Ak R TR T
FRAE AR BEUR (N 0K ) Fird s B DE R Jt . T
JEOREAK e A5 S R 20 0% , A S — 2 IO DA b Rk %
il Al e 2 B LR A el e A U RS
W—ESTRNEILRR, Bar, RIRE s 2z
HF B2 TR, 2P d il Bk & 3R
ZH AU T AR ML DA K S J VR S e ) 250 B Bt B
A8 AR TG SRR

RILREA RAFAHLMEREFIE RIS , T8
A AT DAAR g Ml 171 45 1 PR TS K &2 A T
IR Venkatraman 55T T R ZAEHEFLER (Poly-L—
lactic acid, PLA) 7R 2h ik ifil 58 32 28 A 1 RE , S pEAR
BN 3~4 GPa, HUSKSRIE A 50~60 MPa, SZ 421 % %
71°50.21~0.25 MPa, 1fij 35 38 A9 AN 55 X S 48 1) 32 4%
71°50.20~0.22 MPa, —FHZEA K, LRV, 7EHL
MR L PLA HAHH THI RS 88 2 A
S A B R AR A TR IGR , el R s
ZEIR AT UL, BHE SR R BHERCRAF , TR AR, KK
i 25 BRI 2 A, RFLRR SR R R AR Wy vl [
filetk , RN R AR A2 E R S AR R, A R A
ERBEY EHKMWR, FBAHX 77 R
I, FEAR PN 225 Stk 20 S, 28 30 R 7k L2 44t
J R PERLA A M A% E AR , B HE e fagh
BAlEL ARJE 1 AH 3 AA T —8 8 AR
T8 B S ] RE S | 9 0 20 i s /L | £F 4 2H 43
AT EIERA R, RJE 6 A 9 N H AT —Br



— 1050 —

BEXER AR 2016 £5 41 %2 10 25 ( Journal of Chongaing Medical University 2016.Vol.41 No.10 )

BL, Sk T B35 2R /N SURE Sh AR DY ) 7 0 40 B
LIEEBEALE , B A ik 50K, Bt R
Hediidsh, 6 HES NS EEREL, /T4
HiZHIERER AR SRR 5SS T] #
REBIFETERRNMSIEN—RIIARRE, 55—
FHE,FENBEARERE 3 NACRLBESHIE
% MEHESRIA T, Bon B H AR H 2 FE
fRZAEELER, AT B PR T R s R —
' Mmaﬁ YRR FE A iy A 4 U JE T A R

A RN B —FRPERE, AT B HR S M AR
EPEAL . HEEAET] BB E RS PR HEBE R,
A28 HE PSR ER, RIEM AR F
BEB , RIE 6 A 9 A RIEERBE % ; IL-62
HEMRERFZ—, ALEF -6 IWEERFL,
3PMAAE,EE HE PaEER AR AR
MEE ARG 6 A HE B @45 B8R R 5E RV
BIHA, T IL-6 EEAHIRBEZIER , \Te 5 BRALRR
Mo AT 4 40 B i RV R R oy, L B e i —
R, IL-6 IREFAERG O NABEZEIER 44 HE
Refa 25 R RSN ARBEEERE, HIES
B IV AE 2 1 S BB E T LTI /MR I AR T B , AR S
I B RN L INETIE B, i B BB R AR
fBRERBERIERTER, B, ZEERER RTFH
YA,

LR OBEEFARLRE, RER H R
g BIEERLE I RRE , KRR R AR B R
e R BAYTE R, KB RREBN, BRZE
HRARTERIE ASD BRI Lot

AR LR S, RE N 5 RARL,
FEELOIEE T A28, Sharafuddin Z512F 1997 4E3%
A Yucatan /NEI$E BT B ST T 4k & FL B3 ] FR Bk 15
BERY, Ah AR BRI IR ERE , R &k
kR A, BRI AR . R FERF
AMEETHEEN, S T LR AR EREE
IR . B, R TR, LR SR #E
5B rkMRE SRR,

KRR B 2E Y] G R AL R I S 8 B

¥ ASD BRI RS YAV, AR R
4, BB AR KHIIE R IR

2 % X #

[ PELFREHER RS, PEEFRESIOURREER S .5E
RO RERESFEN AWTEREIL PEILPIRE,2004,42(3):
234-239.

[2) Masura J,Gavora P,Formanek A, et al. Transcatheter closure of
secundum atrial septal defects using the new self-centering amplatzer
septal occluder;inijtial human experience[J}. Cathet Cardiovasc Diagn,
1997,42(4) .388-393.

[31 El-Said H,Hegde S,Foerster S,et al. Device therapy for atrial sep—
tal defects in a multicenter cohort:acute outcomes and adverse events
[1].Catheter Cardiovasc Interv,2015,85(2).227-233.

4] # #,5E8,F #,% Paylene RZHFIHIAITILEER
PO BERTT O], ERER KSR, 2014,39(10) ; 1403-1409.
[5] Herren T,Schwanda M,Genoni M, et al. Very late cardiac tampon—
ade following successful transcatheter closure of an atrial septal defect
with the Amplatzer septal occluder[J]. Clin Res Cardiol,2015,104(6):
530~533.

[6] King TD,Thompson SL, Steiner C,et al. Secundum atrial sep—
tal defect. Nonoperative closure during cardiac catheterization[J]. JA-
MA,1976,235(23):2506-2509.

[7] Shabalovska SA. Surface,corrosion and biocompatibility aspects of
Nitinol as an implant material{J]. Biomed Mater Eng,2002,12(1):69-
109.

[8] Morgan G,Lee KJ,Chaturvedi R,et al. A biodegradable device
(BioSTAR) for atrial septal defect closure in children[J). Catheter and
Cardiovasc and Cardiovasc Interv,2010,76(2);241-245,

{91 Sun R,Du XJ,Sun CY,et al. A block copolymer of zwitterionic
polyphosphoester and polylactic acid for drug delivery[J]. Biomater Sci,
2015,3(7):1105-1113.

[10] Venkatraman S,Poh TL, Vinalia T,et al. Collapse pressures of
biodegradable stents[J].Biomaterials,2003,24(12):2105-2111.

[11] Scislowska—Czammecka A,Pamula E,Kolaczkowska E. Impact of
poly (L-lactide) versus poly (L-lactide—co-trimethylene carbonate) on
biological characteristics of fibroblasts and osteoblasts{]J]. Folia Biol
(Krakow),2013,61(1-2):11-24.

{12] Sharafuddin MJ,Gu X, Titus JL, et al. Transvenous closure of
secundum atrial septal defects:preliminary results with a new self-ex—
panding nitinol prosthesis in a swine model[J]. Circulation, 1997,95
(8):2162-2168.

(FiEpsk RIED)



