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Mechanism analysis of pseudoaneurysm at the anastomosis based on fluid-structure interaction

WANG Liancai', SUN Peng’, BAI Hualong’, GUO Pan’, ZHANG Jingfei'

1. National Center for International Joint Research of Micro-Nano Modeling Technology/School of Mechanics and Safety Engineering,
Zhengzhou University, Zhengzhou 450001, China; 2. Department of Vascular and Endovascular Surgery, the First Affiliated Hospital of
Zhengzhou University, Zhengzhou 450001, China; 3. Rubber and Plastic Moulds National Engineering Research Center, Zhengzhou
University, Zhengzhou 450001, China

Abstract: Objective To explore the biomechanical mechanism of pseudoaneurysm formation at the anastomotic site of
vascular patch and the inhibitory effect of transforming growth factor (TGF 1) hydrogel on aneurysm. Methods The
vascular patch model and the pseudoaneurysm model were constructed separately, and the two-way fluid-structure interaction
method was used to numerically simulate the blood-vessel wall dynamic response at the anastomosis. Based on the analysis
of mechanical parameters such as postoperative blood velocity, vessel wall shear stress and aneurysm wall displacement, the
mechanisms of postoperative pseudoaneurysm formation and inhibition were studied. Results The numerical simulation
results showed that the wall shear stress increased when the blood flowed through the front end of the patch. When the
pseudoaneurysm has been formed after surgery, the aneurysm wall became significantly thicker following the injection of
TGF B1 hydrogel into the aneurysmal wall, and the intratumoral shear stress and the aneurysmal wall displacement were
decreased. Conclusion Pseudoaneurysms are easy to form at the front end of the anastomosis after surgery, and the injection
of TGF B1 hydrogel into the aneurysm wall can effectively inhibit the formation and progression of pseudoaneurysm. The
numerical simulation study provides a numerical basis for the mechanical mechanism study of the formation and progression
of pseudoaneurysm after patch angioplasty.
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Figure 1 Schematic diagram of pseudoaneurysm
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Figure 2 Intramural injection of TGF 31 hydrogel can reduce the formation of pseudoaneurysm after decellularized bovine pericardium patch

angioplasty in rat aorta
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Table 1 Three groups of blood vessel parameters

BRSE PER/mm A EEE/mm B E/mm YA 0K /mm A ALAR JEE AR/ mm R EE )R /mm
14 1.5 0.6 50 3 3 mmx1.5 mmx0.6 mm
IE:E 1.5 0.6 50 3 3 mmx1.5 mmx0.6 mm 2 0.35
14 1.5 0.6 50 3 3 mmx1.5 mmx0.6 mm 2 1.00
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Figure 3 Three sets of geometric models
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Table 2 Material parameters

MESE B kg -m? FJIRiEPa-s YKL BERTR/Pa
1ML 1060 0.0035

Sl kEE 1150 - 0.45 2980000
Eiva 1200 - 0.45 7000000
Bh ke e 2000 - 0.47 3000
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Figure 4 Inlet boundary condition
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Figure 5 Comparison of wall shear stress (WSS) at points A, B and

C around the anastomosis in group I

22 A5 M ABEABYIN A3TEE

& 6~ 8 43531l J2 11 2H 5 TIT 2E A5 00 1A ) A ]
JUARTASE ¥ P (X0 ZH AR P8 PN e 1% B T 5 1) 1 g it e xf
Lt LR TIT 2H 455 78968 P et 1) B T 5 U7 )7 7 il 26 L
Kl mE 7 5EAIAL fEim A E 5, 141D EF 3
S ECR BT VIR F143 54 74.0.5.0.5.6 Pa; T4 D,

E.F 3 sl W5 K3y Y0 7153 51 4 16.13.7.82¢™" Pa.
L2055 114 AH Eb 988 PN RE 1T B TR 7 BEARG , DI 2445
I B4 IE 8 AR DR A , B B o i — 28 AR KR4S
I, SR g 8,

point F

point E
point D

i | W | It

i I 1

El6 145 IMILARBYEMA < LT E [
Figure 6 Geometric positions of the intratumoral points in

the groups II and III models
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Figure 7 Comparison of intratumoral point WSS in group II model
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Figure 8 Comparison of intratumoral point WSS in group III model
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Figure 9 Four representative time points
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Figure 10 Streamline diagrams at 4 time points in group II
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Figure 11 Streamline diagrams at 4 time points in group ITI

mm mm
4052 A 088
1.0 1.0
0.8 _ 0.8 )
| =
0.4 / 0.4
0.2 0.2
0.0 0.0
YO0 YO
ast, %) bt B
mm mm
A 146 A3
1.0 1.0
0.8 _ 0.8
| — 06
0.4 ‘ 0.4
0.2 0.2
0.0 0.0
A 4] v0
c:t, A%l d:t, B3 %

12 A4 MZIN B = E

Figure 12 Displacement nephograms at 4 time points in group II
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- 1176 -

N e

415

DAL, I T i st A e R RE 1T B D) RV 328 R TR A
T3 B AR R Ve St B2 1T A 08 B KB VDN g, ik i BE T
SYYUIN I3 S BB S kg ik, #b R RS L (B B ik
Je W T 6 A A U e BT B 5 (2) ZE 4R AR HE
T BB Bl ke BsF 1) 2 JikoRd BE 9 1 S TGF B1 K €
J02 5 B Wik gea B B S A JRE 98 P A% i (IR I o, 9 30
IR TR TOUH 50 BT IR g ARG 96 BE 52 B Bl /) | DTG
Y 0L 1 1 A FRRAS , 0BE Bh B AR K
KL, TGF B1 Al A R il B sl ks i ik — 20 Kk e
g5 B RTIR AR SO NI 3l ) 2 R AN e AR
Je BB kIR I L % TGF B1 7K B8 e R 50 kg 417
il ) T 2E AL, A SR BRI A b e A5 Rk
ShKIRE = Kk 12 LR o B R E A B

(5% 3CK]

(1] #ia R, FhA, X7, 5 AARG AL HRIG 126189
Wrag sy (1], =M E 2 2 &, 2006, 23(3): 321.

Wei YL, Li CS, Wu WF, et al. Diagnosis and treatment of 12 cases of
pseudoaneurysm after interventional operation[J]. Practical Journal
of Medicine & Pharmacy, 2006, 23(3): 321.

(2] XAk, B3Ik F R ARG IR ARE S Bk AR % 6 1 B AT B AP 22
[J]. 7 E 554k, 2014, 16(3): 164-165.

Liu X. Analysis of risk factors and treatments on concurrent pseudo-
aneurysm after femoral artery puncture [J]. Journal of Shenyang
Medical College, 2014, 16(3): 164-165.

[3] Bai HL, Lee JS, Hu HD, et al. Transforming growth Factor-B1 inhibits
pseudoaneurysm formation after aortic patch angioplasty [J].
Arterioscler Thromb Vasc Biol, 2018, 38(1): 195-205.

[4] Bai HL, Sun P, Wei SB, et al. A novel intramural TGF B1 hydrogel
delivery method to decrease murine abdominal aortic aneurysm and
rat aortic pseudoaneurysm formation and progression [J]. Biomed
Pharmacother, 2021, 137: 111296.

[5] Suh SH, Choi YH, Kim HH, et al. Blood flow interpretation in femoral
pseudoaneurysm[J]. J Therm Sci, 2013, 22(3): 229-233.

[6] Suh SH, Kim HH, Choi YH, et al. Computational fluid dynamic
modeling of femoral artery pseudoaneurysm/[J]. J Mech Sci Technol,
2012, 26(12): 3865-3872.

[7] Sun P, Zhang LW, Gu YL, et al. Immune checkpoint programmed death-
1 mediates abdominal aortic aneurysm and pseudoaneurysm
progression[ J|. Biomed Pharmacother, 2021, 142: 111955.

(8] ZRA&FE, 1p%E. B A1 5 A SRRk R FF R R T]. 16 kAP 2
S FF 4 &, 2021, 18(1): 117-120.

Zou YP, Xu F. Research progress of wall shear stress and intracranial
aneurysms| J |. Journal of Clinical Neurosurgery, 2021, 18(1): 117-120.

(9] E#at, BRE . Finhfedidh iy 3 o W R zm AR Hom [ T]. ¥
E 507 % 2 A (B FHR), 2012, 4(8): 38-41.

Wang YX, Cai J. Effects of shear and tensile stress on vascular
endothelial cells [J]. Chinese Journal of the Frontiers of Medical
Science (Electronic Version), 2012, 4(8): 38-41.

[10] Hnin T, Mandal AK, Smith E, et al. Novel percutaneous strategy to
chronic total occlusion of the native right coronary artery and
associated vein graft aneurysm and giant pseudoaneurysm [J]. J
Cardiovasc Med (Hagerstown), 2022, 23(4): 275-277.

[11] Ta K, Sodhi BS, Raveendran V. Robotic-assisted partial nephrectomy:

single-layer cortical renorrhaphy is associated with reduced rate of
renal artery pseudoaneurysm compared to double-layer renorrhaphy
[J].J Robot Surg, 2023, 17(1): 31-35.

[12] Auricchio F, Conti M, Marconi S, et al. Patient-specific aortic
endografting simulation: from diagnosis to prediction[J]. Comput Biol
Med, 2013, 43(4): 386-394.

[13] Bai HL, Li X, Hashimoto T, et al. Patch angioplasty in the rat aorta or
inferior vena caval J]. J Vis Exp, 2017(120): 55253.

[14] Kaufman C, Kabutey NK, Sgroi M, et al. Bronchial artery
pseudoaneurysm with symptomatic mediastinal hematomal[J]. Clin
Imaging, 2014, 38(4): 536-539.

[15] Liou TM, Li YC. Effects of stent porosity on hemodynamics in a
sidewall aneurysm model[J]. J Biomech, 2008, 41(6): 1174-1183.

[16] Sulzbach-Hoke LM, Ratcliffe SJ, Kimmel SE, et al. Predictors of
complications following sheath removal with percutaneous coronary
intervention[J]. J Cardiovasc Nurs, 2010, 25(3): E1-ES.

[17] Maybrook RJ, Sharma S, Gupta K, et al. Percutaneous closure of a
coronary artery-to-vein graft anastomotic pseudoaneurysm presenting
as acute coronary syndrome after recent coronary artery bypass grafting
[J]. Tex Heart Inst J, 2015, 42(3): 265-269.

[18] Pya Y, Mussayev A, Alimbayev S, et al. Left ventricular assist device
outflow graft pseudoaneurysm treated with covered balloon
expandable stent[ J]. ASAIO J, 2020, 66(5): ¢74-¢76.

(197 904k, Rindl, o th, 5 120 A5 Rt 2 ABEh i3 h FHEX S

S b AP R R Rk R AR ISR AT )] TR FFM(ES
k), 2024, 50(2): 473-480.
Li GF, Zhang XJ, Pang M, et al. Prospective study on association
between hemodynamic patterns and risk of ischemic stroke in people
with chronic orthostatic intolerance [J]. Journal of Jilin University
(Medicine Edition), 2024, 50(2): 473-480.

[20] 5% Z M, &, 5 2 A Yot AT 2ot B 4T BR S Bk 365 H A

PR E A 8 ik B AER A E L[] MR FFIR(EF
), 2021, 47(5): 1250-1257.
Jia YX, Gao J, Su PX. Characteristics of blood flow waveform of
different grafts in coronary artery bypass grafting based on Fast
Fourier transform and their significances [J]. Journal of Jilin
University (Medicine Edition), 2021, 47(5): 1250-1257.

[21] Cook JR, Nistala H, Ramirez F. Drug-based therapies for vascular
disease in Marfan syndrome: from mouse models to human patients
[J]. Mt Sinai J] Med, 2010, 77(4): 366-373.

[22] Wilson NK, Gould RA, Gallo MacFarlane E, et al. Pathophysiology
of aortic aneurysm: insights from human genetics and mouse models
[J]. Pharmacogenomics, 2016, 17(18): 2071-2080.

[23] Isselbacher EM, Lino Cardenas CL, Lindsay ME. Hereditary influence
in thoracic aortic aneurysm and dissection[J]. Circulation, 2016, 133
(24): 2516-2528.

[24] Sigalotti LD, Klapp J, Pedroza K, et al. Numerical simulation of the
blood flow through a brain vascular aneurysm with an artificial stent
using the SPH method|[ J . Engineering, 2018, 10(12): 891-912.

[25] # LT, Fe &t AT ANEACER W 20 kB AL AL 0l i Bl A8 &7 [T ]
&AM )5, 2012, 27(4): 421-426.

Fu WY, Qiao AK. Fluid structure interaction analysis based on patient-
specific internal carotid artery aneurysm model[ J]. Journal of Medical
Biomechanics, 2012, 27(4): 421-426.

[26] 2 &R, #I4T A, AFFR, . RRIAIL T kg b0 @AM A F4 1k
MXHH[T]. B A £ H 5, 2002, 17(4): 225-230.

Wang JG, Kuai XC, Hu YR, et al. A study on biomechanical properties
of bovine pericardium following different chemical treatment[J].
Journal of Medical Biomechanics, 2002, 17(4): 225-230.

[27] Zhao SZ, Xu XY, Hughes AD, et al. Blood flow and vessel mechanics
in a physiologically realistic model of a human carotid arterial
bifurcation[J]. J Biomech, 2000, 33(8): 975-984.

CENI D



