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Abstract

To study the vertebral artery vascular stapler based on hydrogel enhancement and verify its re-
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liability. Calcium alginate hydrogel was used as the key component of vascular connection and lea-
kage prevention. The fitting type and sleeve type hydrogel vascular stapler were designed respec-
tively. The finite element calculation of fluid-structure coupling was carried out by ANSYS software.
Finally, the in vitro experiment was carried out. The blood vessel deformation and wall shear stress
distribution, hydrogel deformation and stress-strain distribution and vessel bursting pressure
were compared and analyzed. The blood flow was stable in both structures with good anastomosis
and adhesion conditions. In the sleeve anastomosis model, the stress and strain of hydrogels were
smaller (15.679 Pa, 0.3%). In the burst pressure test, the pressure of the sleeve anastomotic vessel
was similar to that of the normal vessel, and kept at about 1321.1 mmHg. Studies have shown that
hydrogel materials have a good potential application in vascular stapler design. Compared with
different structural designs, the sleeve anastomosis method is more reliable than the fit anasto-
mosis method.
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Figure 1. Vertebrae replacement surgery
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N T BRI AL Gt 2R 4% 6 0] LS A B A BRI A0 45 A BT UG I 1k 5 A 5 LA R SR 2, AR SCH T
T IR FE KB /I (Calcium  Alginate Hydrogel, CAH)W MEWI &8, Wil T W& =B a2 20 Fh A2
Jikwy & A, K AR [E A% 4 (Fluid-Structure  Interaction, FSI)/7yk, X ELmi AP &R b il 5 AR . I
BEMBYY) IR AT s 00, FFdAT BB R 5056,  DURTE M) & J5 Rk s BT AN A (W) & T 72
SRRV A AL I LR Bl 7 223085, 3 s 2k i Ag DA K sh KSR FERE AL ST B, (R, XA R
G 7 BT ATt BV & HEAR B A EENSE N E.
2. IR EHE
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AHEGE R R g5 M e RO A R KRR R A R A 1R A R i - i R S K B R
(Polyacrylamide/Calcium Alginate Hydrogel, PAAm-CAH)#H {7524 . Hang 55[6] 560 IE 12 /K & I A0 B IR £
2% 1 7K (Phosphate-Buffered Saline, PBS)F1- it & & Ve £ HIABALL AR 7] 5 4 B At

AR B RN KB R PR S M e B I RE JT[15], R RAE KB I Re I E S 4, BRI &
1K BEIR P A 5 T AN 2 B P BT R e . 225 [E bR GB/T1701-2001, 8= F A =518 30 mm
x 2 mm x 10 mm FIEMCPATARE, SRR 206 Bl oK BRI € T i i3 HL(UH6503) S B b, kAT
PR S, INEGE FE N 2 mm/min, WAS N ) AR e, a0 2(a) B, A NWITEE TGN IR AR,
PAAmM-CAH "] R EWIEKE 4 A K EWT IS . 14 2(b) N PAAmM-CAH {ERL #5246 o 25 54 0~350%
X BN g AR 2, IR LB, BT KER @ M, MR R 2R R.

2.2. MISHREESARTHETE

2.2.1. ¥k SEBEN

KH SolidWorks 2016 (Dassault Systems, U.S.A) /55 N AR N 4 mm. B EEJE N 0.3 mm FIHES) KL
EHNAKEN 40 mm FINGA X A MEBI K & = 4Ei AL, 5l 3(a). B 3(b)Fiw, W& bk
BRI FEYI A 1 mme AL G SA BRI S IR 45 SE R s, (AR 1 AR
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Figure 2. The elastic modulus of PAAm-CAH (a) tensile test of
PAAm-CAH, (b) stress-strain curves of PAAm-CAH tensile test
Bl 2. PAAm-CAH KU 144#5 2 (a) PAAM-CAH RIBSLH; (b)
PAAm-CAH HifHSEI6 R 1 T phzk
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Figure 3. Vertebral artery anastomosis model (a) joint type, (b) sleeve type
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e w NEECRAL Pars); g NEBIDIBERE, BUE N 2.2 x 107 Pass;  u, NICIRBIVIZERE, BN 2.2 x
107 Pass; A AMFH], $E M 3.313 55 n ABIRRH, 64 0.3568 [17]; z ARETREL HUE M 0.644;
y AVIRIAEZ.

T K e E A R B, AR BB R oR A0 RE AT M 3 OA B B MR A ORL I ) SRR, SCARCR A
Neo-Hookean 5 54 %5 7K B it Ff) B A S 36 Bm AT &, RIER N

Wzézwuf—me+%yU¢3) )

Kb WOANAZRE: A N, JONRTRAARAE ;s u AR R B 1 Ry sk
A&, X T Neo-Hookean HEFRPEFSEL, E/NNASARIRT, ZesbEATREROAPRLH B S @ H AR AR

AR AR R
AN, MR sh ] 5 FE 3 AR 4 Navier-Stokes 7 RE[ 185k i, AT
paa—ttl+p(u-V)u=pg—Vp+yV2u 3)

Vu=0 4)

K p WIMVREE: wNIMGERERE; ¢ NEIINEE RS « A p NIETT w RETE RS

AR B 5E MV 3 FE pe= 1056 kg/m®, K FF 280 1 = 0.0035 Pas [19]. KHES) K E BE ¥ B NI L) . & 10 [

PELEFRVERTRL, BN 1.15 x 10° kg/m®, BEEHN 0.3 mm, #PEBE N 1.7 MPa, JIHALEL A 0.499 [20].
A SR RGE L B ANSYS Workbench 19.2 (ANSYS, Pennsylvania, US)HEAT 501 R i .

2.2.3. MRS

¥ X T RO B 5 N ANSYS Workbench 19.2 HBEAT IR I 43, WA A /N B B 70 28 70 2 AR IE A
BHERH RSN TN . 2 2Rk, Bm MR R E MR . Hdr, G XvE
BRI IR A% 1 R A0 17,498, FRICHEUE N 87,726 MERVIG B A% 15 S ACH 59,726, HIcHiER
316,307,

224, BFIEE

W IMAE N T Il e B ] s 20 50, LB PN B T S T RS B T, P Al 2 B 7 1 T 6P RR D . B I
WA, HIR S 5 2 MRS . IR ER s I [21], 7E— S 03IFE#0.8 s)NiE
ERRE A B KA 0.569 v/(mes YA TBRAS T S E NE I 0, RS RSE R (101325 Pa)fIE &
N0 [22]. FEF N TR R TH BRI 5 BLAR A J W5 40N 289.6 (VT 2000),  RIYILy 7E AE S ik 7 i sh @ T2

225, HEREREAE
BRI RS TR, 76 CEX sRRgetigiT, &t 2 kssiR, s ME AR 8 s a4 8 A
Is, B RBTAIE N 0.1 s B, Tk B S

2.3, JERER R e

ARSI SR FH 0 LA RE 9 9 AR W R B BK LA, ¥ BEE Jiy TR 24 ho B IR L3 75 VR v xd HRA,
HAMETTK 2 B, F/KER Y& 2% EHnEs:.

W& 40 mm WIS E TP G, WK 4R, fHSEEE E IS0 e B R [23]. I8 — i
BN GE K =@ E RN 0~100 KPa (0~750.06 mmHg) s 1%, HZda 4Ll e, i ik
M 4E, W 4b)fin; ZIBE S iSRRI 500 ml JE5 28 H0E, R s HEshiE a8
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Figure 4. Burst pressure test (a) anastomosed blood vessels, (b) explosion pressure test platform
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3.1.1. &

1E 0.5 s B %, MESBKAI A B RIS R ECR, K5 AME R B SR KB R K, Hi
QNMERMEY SRS E, KB EZN 0.2183 mm, ZINIMEEEER 72.8%; (b) NalE
RIMEY SR B, KB EELA N 027545 mm, 214105 BEE K] 91.8%.

Unit: mm
n 0.27545 Max
0.24484
0.21424

~ 0.18363
0.15303

l 0.12242
0.091817
0.061211
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0 Min
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Figure 5. The deformation distribution (a) deformation cloud map of fitting model, (b) deformation cloud image of sleeve
fitting model

E 5 ZHSH( WERMERENTRZE; (b) HEXMESRENTEREE

BRUCASS, I W A5 () BE T BT D) A 43 A 3550, W6 3wy & B 5 1) B 1T BY D) P 348
8.7 x 107> MPa; % =i W) & 5 04 (14 B T BT 1) 37 F3 8 RAB N 4.9 x 107 MPa.

MEBIHKAL THEAL 2, BRI AR T 2 (A0 M0/ 5 M ™= 2B R, 30 KRB I W SR TR o
A GBI EY S BARTE B BN, B ERER R 100%, A FF W& 8. B
BIY) R /J(Wall Shear Stress, WSS) PRI M3 Y 17 21 ZUE MABUR BN BT 52 BE 7, K A RETHI BY 1) /)
TRAEZN KN BB IE R N, N AR, IR AR, SRS I R 24]: AR, R WSS 2
Jol /> T J 0 AL AR B L P RS AR TR BRI 75 /NSRS AR 7R P 200k, F I/ INAR (S AL R RS KR
M, i A kR AL R E R N R 2 —[25]. HgE R %0, B ME VAR K WSS 54 i &
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3.1.2. IKEERR

Kl 6(a)s Bl 6(b) A 3R AmE W) A58 KB IR AT = B, WA 2R & W A A2 oK R )
WKZTLEZ4 0.16104 mm, M E W) S HhoKEER 1) i KB TE 2218 0.16957 mm.

M REREBE T T A0 AT, L) i A2 MR A G IR A B, B S BUKERM) & KM HE 6(c).
Kl o(d)rT A1, Wi 2R HhoR B M B KB F) . AR 73734 119.77 Pa 2.4%, ELE W& B K
BT N SN, BRSO 15.679 Pas 0.3%, fAEUE BRI IMLE W) A J5 /KR & 2B Hr AR AR
MRl RetE, TEREATHREIE R, TR #A TARAR AN ams,  wT DATRE AR LI A i, K
AN I S B

Unit: mm

Unit: mm
O 8-12;241\4% m 0.16957 Max
| O 0.16193
0 0.15816 L0543
iy 0-10671 014666
0.15527 013903
0.15382 oo
0.15238 E 0-13139
015653 0.12376
814545 0.11612
0.14805 Min 0-10849
0.10085 Min
(b)
Unit: Mpa Unit: Mpa
0.00011977 Max 1.5679¢-5 Max
! 0.00010663 [ 1.394¢-5
1 9.3479¢-5 S 122¢-5
-~ 8.0333c-5 1.0461e-5
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Figure 6. Distribution of shear stress on vascular wall (a) Hydrogel deformation cloud image in fit vascular anastomosis
model; (b) Hydrogel deformation cloud image in cuff vascular anastomosis model; (c) Hydrogel stress distribution in fitted
vascular anastomosis model; (d) Hydrogel stress distribution in cuff vascular anastomosis model

Eo MEBREMYINASH() WERMEVSREF/KRRTERE; (L) HEXNEY SRR PKRRER ZE;
(c) MERMENSREFIERN NS T; () HERAMENSRE KRN DT

3.2. BWIESHR

WA 3Rl UK B A W) & 77 I RE SR BLAE W&, Jrb, W& UM & I R BRI 5 16 1T
EPRIIT AR ZE ORI A 1) XF EE AT &0, Al 82U I A BRI 5 I8 I AP B IR AT, 297 1321.1 mmHg
(1 mmHg = 0.133 kPa),

Table 1. Comparison of burst pressure between normal vessels and vessels after anastomosis (mmHg)

#* 1. EEMEMYE G ME SR E LB (mmHg)

I (4% 4mm) 1 2 3 SEHME

1B 1234.3 1447.6 1351.3 1344.4
Wit )& L 377.65 324.19 359.12 353.65
e ) & L 1201.4 1413.7 1348.2 1321.1
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BB ERALAL T /KB ) A Ak o R N IE B AR BRIRAS T R I 9 60/80~100/120 mmHg, Kk, KH#E
SR WG U () 5 1 R 0 R 2 NAR TE HIRES T B .
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FEVE, FEBA R

1) ZHTIE TR, KBV & J5 LS AT B AN RS BE R 100%,  BE 8 DRI A Kl 78
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