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[#ZE)] BH TR KIS (Alzheimer disease, AD ) B3 FIIAFI DI HE IE H % B 5L A% A B M 2 A4k
T HLFAR B J1 2% (computational fluid dynamics, CFD )AL 5 t PEAl 52 3 & il 1L 38 30 1 25 R A8 SO AD 1Y
LWIRRE . Ak 40 A AD B 30 4] K A M) BE IE F By 6T I8 34 44, BT G 2L 4R 1 A BUIR (magnetic resonance
angiography, MRA ) T I TUAR Sl kAR, 545 550 /4E sl Dko8E 745 1t 38 20 1) 2 S 80 0L % )28 Bl Dk i e 4 24 R4k CFD A
AL DI R S IR A e sl 125 b . £ R AD AL S5 X IRALA H L A P [(75.33£8.93) % ws. (68.12
+10.73) %] K 5 48 $0[(22.89+3.41) kg m™ vs. (24.48+2.90) kg-m™], JR FR [(265.17+80.36) wmmol - L™ vs. (323.15+
89.70) wmmol - L], F1 25 F1[(38.29+4.22) g- 1" vs. (40.4623.62) g+ L' Jifi Ifil. 77 % ( cerebral blood flow, CBF)[(10.14+
3.10) em’-s™ vs. (12.73+3.42) cm®- s i 1ML % BH /7 (cerebrovascular resistance, CVR)[(10.72+4.12) dyn+s-cm ™+ 1000 vs.
(8.2142.38)dyn s+ em™ - 1000] () 22 54 G5 it 24 5 L (P<0.05) o AD 41 /i P4 3l Bk 1l 8 AR 20 1 5 CBF (7=0.493,
P=0.006) F /5 4 148 8L E (7.=0.519, P=0.003) F 1EAH ¢, CVR 5 CBF 2 A7 ¢ (r=-0.826,P<0.001) . logistic [1]
943 #r S , AD BBUR 5 4E # (OR=1.083, 95%CI : 1.014~1.157, P=0.017) #1 CBF (OR=0.803, 95%CI : 0.652~
0.989, P=0.039)4 I . ROC £ 4347 @7~ , CVR . CBF X 43 Wi 25 19 1th 28 T T A4 314 0.687.0.709(P<0.05) . %5
W AERE AR CBF I & AD ST G 2 . ARk CFD BRI % 19 CVR T+ # CBF I A4 AD 2 W7 B A
{EL, TG TSP R 0 0 1T 35 30 7 2 0 R ARSI PR AT o
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Evaluation of cerebrovascular hemodynamics in Alzheimer disease patients with a new individual computa-
tional fluid dynamics algorithm. GU Ziyan, XIE Jian, CHENG Zaiheng, GU Lihua, WU Bokai, ZHANG Gaojia, CHEN
Rongliang, ZHANG Zhijun. Zhongda Hospital, Nanjing 210009, China. Tel: 025-83262241.

[Abstract] Objective This study aims to exploit a computational fluid dynamics (CFD) model by static and
dynamic parameters, which can be used to detect individual cerebrovascular hemodynamics quantitatively. Methods
Patients (n=30) with Alzheimer disease (AD) and controls (n=34) with normal cognitive function were included. The
geometric arterial tree was reconstructed based on magnetic resonance angiography (MRA). Combined with carotid /
vertebral artery ultrasound hemodynamic parameters and synchronous arterial blood pressure, an individual CFD model
was constructed to simulate the blood flow state and calculate the related dynamic indexes. Results Compared with the

control group, the AD patients had reduced body mass index (BMI), uric acid, albumin and cerebral blood flow (CBF)
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(P<0.05), increased age and cerebral vascular resistance (CVR) (P<0.05). The cerebral arterial volume was positively
correlated with the CBF (r=0.493, P=0.006) and the number of outlet (r=0.519, P=0.003), respectively. The CVR was
negatively associated with the CBF (r=—0.826, P<0.001). The increased age (OR=1.083, 95%CI: 1.014~1.157, P=0.017)
and reduced CBF (OR=0.803, 95%CI: 0.652~0.989, P=0.039) were independently associated with AD. The results of
receiver operating characteristic curve (ROC) show that CBF (AUC=0.687) and CVR (AUC=0.709) could differentiate the
AD patients and control group (P<0.05). Conclusion The increased age and reduced CBF may be independent risk
factors for AD. The CBF and CVR can differentiate AD patients and control group reliably. Although all simulated indexes
only represent the true hemodynamics indirectly, this CFD model can provide patient—specific hemodynamic alterations
non-invasively and non-radioactively.
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Uit i (cerebral blood flow, CBF) it /b il i 1fil &' BHL 3
$& #U (cerebral vascular resistance index, CVRi) 3
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MRA, 5 & A 15.0 ms, [813% 8] 3.45 ms, fi 5% £
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i XF CBF WA IS %L, 226l 4F 1% .CVR (CBF X 43
BE SRR ROC M2k, il th 4 T A (AUC) e

1 ADEEMENEN(A)RiFE(B)3DEE



260

BEAEWS IR Bh 1 2R 5 AD B S HIRE 11, KK
T 0=0.05 , S5

2 HFR

21 —BER GEEHFEMMNTRIHNZSH
55X R L EL, AD AR I (1=2.901, P=0.005) .BMI
(1=—2.008,P=0.049) JRIR/KF-(1=-2.709,P=0.009) .
18 /K- (1=-2.193, P=0.032) .CBF (1=-3.149, P=
0.003) . CVR (1=2.941, P=0.005) 2 # A 4t it % &
o k1.2,

2.2 FHEkEEHEFAETN I 3h 71 % S 80E K48 X8
AD 21 /i N 3l ik L4 AR R S CBF (7=0.493 , P=0.006)
F P I A Y 80 H (,=0.519, P=0.003) £ IE A G,
CVR 5 CBF £ i 1 5% (r=-0.826, P<0.001) . X fi&
5 9 30 bk i AR LS CBF (7.=0.577, P<0.001) il
Fi P I A B H (7.=0.722, P<0.001) 52 1E A 56,
CVR 5 CBF £ i fH ¢ (r=-0.822, P<0.001) .

2.3 Iife AR HEAE A B I 37 30 1 S 803 AD M2 1
logistic [ 43 Hr 25 o , 5 AD A OCHE 9 45 &
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15 45 I (OR=1.083, 95%CI: 1.014~1.157, P=0.017)
H1 CBF (OR=0.803, 95%CI: 0.652~0.989, P=0.039) .
W3,

2.4 BNINFE B FRAEST AD BISHi3LEE ROC Hh
LR BT R, A% L CVR (CBF X 43 41 i AUC 43
5124 0.697 (P=0.007) . 0.687 (P=0.010) . 0.709 (P=
0.004) ., ULIE 2,

3 itig

AT LI T A4 CFD A I T 4
1 AD B ML Bh J1 2FREIE . 9T B AD 4 CBF
FEARAN CVR T, CBF 55 P9 3 ik il 85 A4 R A2 1 AH
K AEWSHE AN CBF FEAIZ AD A ST A RS P 2 5 1l
Wi sh 112428 CBF M CVR BB — & 45 AD &
H 5 X IR HE .

G 10U 2 g A 04 R DL 7 V5 A 4R ASL-
MRI B 55 52 1L 45 & 5% (digital subtraction angiog-
raphy , DSA) 2 /i £ 3% 8 (transcranial Doppler ultra-
sound , TCD) A6 %5 . A A58 i ASL-MRI 5 %

F1 ADASMRBAE—MRKEN

415 n AR (2) H A BRI EER= I=qiiikng A A AR AR
AD#H 30 75.33+8.93" 7(23.3%) 17(56.7%) 8(26.7%) 2(6.7%) 6(20.0%) 1(3.3%) 2(6.7%)
XA 34 68.12+10.73 13(38.2%) 22(64.7%) 9(26.5%) 2(5.9%) 5(14.7%) 1(2.9%) 3(8.8%)
21 51 n EEB AN S) BMI(kg-m™) Y54 i (mmHg) FFKE (mmHg)  JRFE R (mmol-L7")  JRFR (ummol - L") BHEMA (g L)
ADZ 30 5(16.7%) 22.89+3.41" 137.07+17.35 75.17+8.58 5.41+1.70 265.17+80.36" 64.21+5.88
X HEZH 34 3(8.8%) 24.48+2.90 139.00+17.82 76.71+£10.07 5.29+1.22 323.15+89.70 66.74+6.04

28 51 n FEMA (- L) ALT(U-LY)  TC(mmolL'')  LDL(mmol-L")  HDL(mmol-L7")  HHELIMLIEN M R AEAF (cm?)
ADZH 30 38.29+4.22" 18.2748.23 4.10+1.11 2.35+0.85 1.22+0.38 6.44%=+1.58% 7.74+10.01
XHIRZ 34 40.46+3.62 19.21+9.99 4.60+1.21 2.71+0.94 1.24+0.32 6.19%+1.17% 8.60+11.21
T BML, (R HRH ALT, T3 S MR 256 A 1l 5 TC, BUIHFA % DL , A28 3 R 25 (1 I 5185 HD L, & %5 R AR (UM BB 1) 500 BRZ U AR, T AR AR o 4
¥, P<0.05,
#x2 ADASWRBAZNMKEHIFTEM MR HFESH
2053 n Fii N LA T BCE (A4) Fi5 P S K LA AR FR (em®) JiE L (em®s7") Jigi 1L B FE H3 (dyn+s-em ™+ 1000)
AD# 30 32.07+5.81" 10.32+2.25 10.14+3.10" 10.72+4.12"
popisE| 34 36.44+8.24 11.00£2.36 12.73+3.42 8.21+2.38
1) 5500 BREH LU#E , B3 FEAS ¢ K56y, P<0.05
#&3 AD BFEXBEEZEN logistic BT S
Ak B FrifEiR Wald y P OR 95%CI
AF 0.080 0.034 0.017 1.083 1.014~1.157
O 1137 3 -0.219 0.106 0.039 0.803 0.652~0.989
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40 (amyloid—B 40, AB40) L 4215 5 ki /1N 30 ik i 4
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