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Hemodynamics-based numerical comparison between modified B-T
shunt and central shunt

DING Jin-li, LIU You-jun, WANG Feng, REN Xiao-chen, QIAO Ai-ke( College of Life Sci-

ences and Bio-engineering, Beijing University of Technology, Beijing 100124, China)

Abstract; Objective Modified B-T shunt (MBTS) and central shunt (CS) are two common surgical procedures
for the treatment of tetralogy of fallot (TOF). The purpose is to analyze and compare the hemodynamic features
of MBTS and CS. Methods 3D anatomy was reconstructed by medical images obtained from a patient with
TOF, and two computational models were generated through virtual operations. A lumped parameter model was
constructed to predict the post-operational boundary conditions. Computational fluid dynamics ( CFD) was per-
formed for the two models. Results A persistent pulmonary blood perfusion was observed in each model both
during the systolic phase and diastolic phase, but the maximum velocities in the shunt were different for the two
models. The pressure drop of the shunt in CS model was higher than that in MBTS model. The wall shear stress
of the shunt in the MBTS model ranged unevenly from 0.025 to 340 Pa, while the wall shear stress in CS model
ranged relatively evenly from 32.2 to 72. 6 Pa. Conclusions Pulmonary artery blood was increased effectively for
both options. The blood perfusion of right upper extremity was decreased in the MBTS model. More blood was di-
rected into the pulmonary artery in CS model. Attention should be paid to the fact that the pressure gradient was
large at the proximal anastomosis in both models in clinic. This study provides important theoretical references for
surgeons to make choice from the surgery options in the treatment with TOF.
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Fig.1 The reconstructed models ( a) Aortic and pulmonary model, (b) MBTS model, (¢) CS model

1.2 SHhSHEDMNRFHREH
TR EE LS 7 O | 3 Sl KR

ZER Bk

(b) MBTS #71

TR —XER, AT G | A TR SRR T ik
e TOF fig ARG 45 b 280880 5 LA S
i, a7 MBTS Hl CS AR5 B4 th S BB RY i R
JRAR R SRR B, BN Y 3 2 X
T B RE ik D30 5L 2% P e LA R B e A, - T L2 ] B
B et JR i A 4 Jag A L 3T 30 ) S A, S i PR IR I
A NI R DA e S 88

1 #EITE

1.1 =#SFR5ERME

KA 1A T A H KM TOF g LAY 106 5K CT
BUZR. Bk BB 53 PR 512 x 512, 21
1 mm AR 3 Amira $E 47 BIG A = 4 5 4,
CRETVNIEZE Sk RN g il ErEE i
SRR S kAR

7 B (14 52 e M S H fin i S 25 1 ) Bl
ATHAEIN ], I FL il 84 4 AN 00 Kt s 1) I 4 4 X
PO, O IR S B RLEAT T A, R
Bl Dk B Y 4 3 Jmy S A U, T il gl ik e BECHE 52
B RSF 3547 8 I R A 4, DL AR I il 30 ik 72 49 Tt
Bl ARG MBTS 1 CS BIFhFA, 4351 7 HE L5 A7
FARERMET AN IMAS BLAR R 3.5 mm, #5543 51
S 77 PR LA W 20 90°, 1)
G HIERBAEDE (WK 1) .

R =30 ik

(c) CS M

SIS 3o P 2 i A
W PR 7 A, % 18 TR 5 B A B )



T&3¥,%. ¥R B-TFREFBRSFRNMAERNNZF LR

DING Jin-li, et al. Hemodynamics-based numerical comparison between modified B-T shunt and central shunt

65

FIE W5 TR AT L 22 B2, AN BE fR] 50 s T
ARHI I P BB TR R 1o
T BN T AR BRI 0 A AT AR I A A A
BRI, 4 Migliavacea %™ fO B 5%, 737
— B YA E R SRR (UL 2) o 2
HELk 1 U3 CS, 2k 2 10k MBTS, R, AR L

PRASI IR BIBKEE 77, R, AU CS (1 i 3 M) 45 02 2]
MBTS Fijsih) & H Z i) — B4 IR 7, Ry 403 CS
T TS ) TR0 3 22 B B kO 11 22 ] — B 1M 45 /)
BT, R, AR CS 4 RSy & 50 00 2 22 98 T sl ik
A Z 8] — B A BH A7, Rs ARFRFE T 1007 A BHL
7.

[ = oy
A Bk I N e
_rvvv\_::T —
VR, iy .
1 :—W—_l_:_rwv\_
sk T sme | #bwsw
R 'D'R3 >—I:|—‘""<>:|_NW\_‘
. . []# 1 zsieamk
11— 1 = )
Imﬁ EA[L\J%I B o 7% LR
- = I B TRk I
|'>'| ( \'a <
]
B = FEIK |= x s E ik
[ I B
\ . y, - = OBk AT )
Do AR
H2 REEHSHER

Fig.2 The lumped parameter model

FARTTAGEH SH R T 550 h 3 #5343 %l
SO IR ARAEER ARG BR, 4018 2w S 2 a0 BT
INo U ERR R i A2 B RIA O B A SS R AR B 53 41
PR R A0 38 22 [ A7 1 28 18] B B, BT LASE P40
BERON— D HIT, RG> EE T8
Tk B F Bk R T A SUR S Ik 2B Sk A
LBk A ERCEhRAN T R K 8 s o gt
Tk A T eSS Bk e Bl Bl bk e B i
HEER o AR — A I H AT o PR LS 3 3
3 < eI A i R R JRE B A 14 M sl fk , G e R e A
F i 30 ki A8 BH A 455

FARIG IS BAEIry 4 5853, IIAE TR
[HIE S S €SI DR S el e[ < = 51 70 R ¥
BB RS B — B RS FEA 0 B U] 2 v e 2 T
o KPS GRITHSEILE 1,

ARG AT R BN LT MRS O F AR
JE A G EATT R B LS IR A R PS5 AN
105 18 T S B 25 ] S5 R A2 1L )
LA AR MU P R L 3R 5P , B8 XA A 1L A8 BEL
REHET S WO LA HORELS) RGOS ¢ A IR L
WRIEAF(D) ~ (3) IR

Sul
R = & 1
ng (D

l
L =2 2
'rrR(z) 2)

3mRy (1 — gDl

¢ = 2Eh (3)

AP IR AR, L O A AR, Ry g I A
A2 p NI IE L, o FIAKA L, E s PR i,
h LB REJRE



ER4HMA% $28% HF1H 20135£2A
66 Journal of Medical Biomechanics, Vol. 28 No.1, Feb. 2013

®1 EHSPERDERATHSHE

Tab.1 Parameters in the lumped parameter model
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Fig.4 Velocity contour maps in middle section of the shunts at 0.12, 0.24 and 0.4 s for both models (a) MBTS model, (b) CS model
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