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[(HE] BB %I HE &K 2 (white matter lesions, WML) 5 i Ifil i 37 /1 2% 38 #% (cerebrovascular
hemodynamic indices, CVHD B 5eHE, ik BIBMES A 2021 42 10 H—2022 4F 12 A2 Fidb ER K258 =
BB WML B3 158 il (o JE ) e WML & 25 ], ¥ sk 35 F g ifn 457 2 g 45 780 R 388 0T & 19 391 ) ik ok
7 — K 3 1 ZF R (G T-3000) AL CVHI A6 11 T3 %0 F i i (mean blood flow ., Qmean) |- 7 # (mean
blood flow velocity, Vmean) . i K Ji i# (dilatation capacity) \ H /)N ifi # (minimum blood flow velocity, Vmin) . ik ##
W (pulse wave velocity, Wv) 854 BH$1T (characteristic impedance, Zev) A §7 5K B (dilatation capacity, DI #} & FH
71 (peripheral resistance, RV) .3 2Pl 77 (dynamic resistance, DR) . i & i 77 Ccritical pressure, CP) . 22 JE (diastolic
pressure difference,DP), & WML 454 WML Il K%k, R H Logistic 811343 8F WML K& A W) Gl K £, L
BARWAH % CVHI 8002 5 UL R & SERFERE WML BHF N, &R Logistic [MIH 44T 87w , 47 #% Al
e 45 K 5 WML % 42 1 6 (OR=1.081,95%CI :1.012~1.155, P =0.021; OR=1.040,95% CI : 1.011~1.069,
P=0.007);2 24 CVHI Z2#{(Qmean, Vmean, Vmin, Wv,Zcv, DI, Rv.DR.CP) 25 54 S5 11 %% & L (P<C0.05),2 41
DP 2R T8t 2 5 L (P>0.05), 4[] iR b (EJE WML 44 CVHI 28R : 3 A #) Vmean, Vmin, Wv,
Zev Rv.CP.DP Z R A G4 E L (P<<0.05); ZH LK W~ 5% E WML 4048 lLE, b B WML 2 Jii 1n i &2 B
& (Vmean, Vmin: P<20. 05) S f 9 4 5 F B (Rv CP 2 P<C0. 05) . 1fii 3 B WML 41 1L 37 o2t i 16 8 ok B A0
PRHETE R R (P<70.05) 5 5l WML 4141 e, % WML 4176 il 4 BE 98 1k B AR (Wy, Zev: P<C0.05),
Logistic [MFZ5 5 /R , Vmin 5 WML ™ 0 2 B f b 8 % (OR=2.629,95%CI:1.133~6.099,P=0.024), &if
AEHA U FE KT 2 WML &A= (9 Aa B X 3R 5 CVHT 2800 i 3 5 . 0L 370 38 32 i 1t 6 30 P aft 48 BEL O AR 108 2 0
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Correlation between white matter lesions and cerebrovascular hemodynamic indices
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(1.The First Department of Neurology s the Third Hospital of Hebei Medical University, Shijiazhuang
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[Abstract] Objective To investigate the correlation between white matter lesions (WML)
and cerebrovascular hemodynamic indices (CVHI). Methods A total of 158 patients with WML
(mild, moderate, and severe) treated at the Third Hospital of Hebei Medical University between
October 2021 and December 2022 and 25 non-WML controls were included. All 11 parameters

related to CVHI were evaluated using the carotid artery ultrasound-brain dynamics detector (GT-
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3000), which is based on cerebral vascular dynamic models and theories: mean blood flow
(Qmean) , mean blood flow velocity (Vmean), maximum flow velocity (Vmax), minimum flow
velocity (Vmin), pulse wave velocity (Wv), characteristic impedance (Zcv), dilatation capacity
(DD, peripheral resistance (RV), dynamic resistance (DR), critical pressure (CP), and diastolic
pressure difference (DP). The clinical data of WML and non-WMJL groups were compared,
followed by Logistic regression analysis to identify risk factors for WML, Differences in various
CVHI parameters among different subgroups and the effects of each parameter on patients with
WML of different severities were compared. Results Logistic regression analysis showed that age
and systolic blood pressure (SBP) levels were associated with the occurrence of WML (OR=
1.081,95%CI: 1.012—1.155, P=0.021; OR=1.040, 95%CI: 1.011—1.069, P=0.007). There
were significant differences in the CVHI parameters (Qmean, Vmean, Vmin, Wv, Zcv, DI, Rv,
DR, CP) between the two groups (P<C0.05), while there was no significant difference in DP
between the two groups (P > 0.05). Intergroup comparisons revealed CVHI parameters,
including Vmean, Vmin, Wv, Zcv, Rv, CP, and DP, differed among the mild, moderate, and
severe WML groups (P<C0.05). Multiple comparisons showed that compared with the mild
WML group, the moderate WML group had lower cerebral blood flow (Vmean, Vmin; P<<
0.05) and microcirculation disturbances (Rv, CP. P<C0.05). The severe WML group had
reduced cerebral blood flow, vessel wall elasticity, and microcirculation perfusion (P<C0.05).
Compared with the moderate WML group. the severe WML group had lower vascular elasticity
(Wv, Zcv., P<<0.05). The results of the Logistic regression analysis showed that Vmin was most
significantly associated with the severity of WML (OR=2.629, 95%CI: 1.133—6.099, P =
0.024). Conclusion Age and SBP levels are risk factors for the occurrence of WML, and CVHI
parameters, including cerebral blood flow, blood flow velocity, cerebral vascular elasticity,
vascular resistance, and microcirculation perfusion, are involved in WML development. Cerebral
blood flow reduction is significantly correlated with WML severity, particularly Vmin in diastolic
cerebral blood flow as a core predictive indicator.

[Key words] leukoencephalopathies; cerebrovascular hemodynamics; cerebral blood flow
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i B 59 28 (white matter lesions, WML) 1E i
i 7% 3 P% A 1% (magnetic resonance imaging, MRI)
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F1 250 M B T RRCPE B T B R O L E R
CPU ., A 7 51 25 5K 2y i 55 , 8 326 % 09 8ol F 530 1k
JITEESR B 11 %F G I 487 1L 3 20 7 2 38 A B P 20
(mean blood flow, Qmean) .3 # (mean blood
flow velocity, Vmean) . fix K i # (maximum blood
flow velocity, Vmax) . & /D ¥t # ( minimum blood
flow velocity, Vmin). ik #f % 3 (pulse wave
velocity , Wv) P4 B $T (characteristic impedance,
Zev) Al P75k B (dilatation capacity. DI . #p J& BH 71
(peripheral resistance, RV), 3 Z& B 71 (dynamic
resistance, DR) | Ilfi & J& 77 (critical pressure, CP),
24 % (diastolic pressure difference,DP), H 2 {i £
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I 2 ] R B R 1 B e A AT V43 R R o
BOM I, AR5 X PIER 2 2 B 2 R0 K WML 835 53
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15 il W SPSS 25.0 G844
i, A ESSMITEREL (2 £ FRR, 1L
BN AP SEAEAS ¢ K 30 5 07 22 40 Hr X T = A 3
BERL, Jr 22 5% 2 W W B B 3 22 S (least
significant difference, LSD) #56., F 22 A 55 £ E [t
I T PR e A 30y 5 AAF T 25 43 A 09 3 1 SR AL
B a7 B R D [MOQR) 1387, 21 [8) bb 488 R H Bk
AR5 (Mann-Whitney U K56 . 3HE0%0RH L8R
H X K., RHZKZE Logistic 811H 4 Hr WML
M fals 2R, ok 2 6 A J¥ Logistic B IH 7381 5
WML ™ &E IR CVHI 28, P<C0.05 Ry
SAGEE X,
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2.1 FEZBRVIRE ADFIRILYA 183 il T
WML 4 25 i, WML 20 158 il , - 21 4 8% 43 51
(50.8010.23) % F1(63.61E11.16) %, B 5 H 4y
R 60.00 % F1 70.90% . WML 414E #& | e 4 Tk K
S R L 5 S 4 TG WML 4, 25 S Si it
X (P<C0.05), WML @4 B ¥ 5 L & ik, =t
A s R s AR BE AR AR R T WML
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Table 1 Comparison of population composition of patients without and with WML

15 BIEC B AR T%‘Iﬂllf *EJ/?J% 5 4 &5k R JIEL [ e
(r+5.%) I Y (BIEL. %) (r +s,mmHg) (& +s,mmHg) (& =+s,mmol/L)

J& WML 4 25 15(60.00) 50.80410.23 17(68.00) 5(20.00) 138.38£17.58 88.95+12.64 4.35+1.63

WML 4 158 112(70.90) 63.614+11.16 118(74.70) 48(30.40) 150.95+19.84 89.98+13.30 4.01+1.29
X2/t/7Z 18 0.695 5.145 0.207 0.956 2.742 0.331 1.194
Py 0.404 <0.001 0.649 0.328 0.007 0.741 0.181

.- - S AR i BE Rt A [] B 2 JpE 2 R i . 5 9 SR W% i sl I R
[M(QR) smmol/L] [M(QR) ,mmol/L] [M(QR) ,mmol/L] (#I%. %>  BiI%k, %  B% %) (& +5)

Jo WML 4 25 1.73(1.29) 2.41(1.58) 12.40(4.25) 3(12.00) 6(24.00) 6(24.00) 25.55+3.72

WML 41 158 1.78(1.52) 2.19(1.04) 13.00(5.03) 52(32.90) 56(35.40) 34(21.50) 25.8543.49
X2/t/Z 18 1.182 0.823 0.961 2.300 1.311 0.129 0.958
PH 0.237 0.411 0.336 0.023 0.191 0.897 0.340

1 mmHg=0.133 kPa
22 & WML 45 WML 41 CVHI & 2 ¥t #%

M F & WML 41, WML 41 89 B 1 5% & & %
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(Qmean, Vmean., Vmax, Vmin; ¢t = 3.897.5.907.
5.118.5.476;5 P ¥7<C0.001) , i%i 1fiL & BH /1 7+ 7% (Rv,
DR;:=4.941.,3.898; P ¥J<C0.001) , i i 4 3 ¥k F
F& (Wv, Zev, DIt = 3.762,3.750,4.149; P ¥ <<
0.001) HAEHHEVE (CP.DP; ¢ =2.340,1. 905; P =

SN R R E AT CVHI 250k A 28 & WML
KA RHEAR BT AL HFE Logistic [ H 4387, 44
g MR AE R WL3R 3545 L WoR AR IS AN 4 K S
WML % (OR=1.081,95%CI :1. 012~ 1. 155,
P=0.021;0R=1.040,95%CI:1.011~1.069,P=

0.020,0.058) FF&, L3 2,

DL B 22 5 4 Ge i 2- i

0.007), L3 4,

®2 T WMLAS WML A CVHI b %
Table 2 Comparison of CVHI in patients without and with WML

(x+s)
2 7 15 %% Qmean(mL/s) Vmean(cm/s) Vmax(em/s) Vmin(em/s) Wv(m/s)
J& WML 41 25 9.792+1.728 19.555+3.895 42.91445.760 9.100+2.060 12.878+3.222
WML 4 158 8.46441.567 14.794+3.749 36.26046.133 6.150+2.574 18.199+6.991
(e 3.897 5.907 5.118 5.476 3.762
P {8 <20.001 <20.001 <20.001 <20.001 <20.001
2H 7 15 %% Zev(kPa » s/m) DI(L/mmHg) RV (kPa * s/m) DR(kPa * s/m) CP(kPa) DP(kPa)
J& WML 41 25 13.522+3.384 0.88340.279 75.642417.006 33.34949.064 8.142+1.581 2.95440.868
WML 2 158 19.096+£7.348 0.66240.245 110.236+34.303 46.602+16.596 8.98941.699 2.58540.917
t {8 3.750 4.149 4.941 3.898 2.340 1.905
P {4 <0.001 <20.001 <0.001 <20.001 0.020 0.058
3 TEWMEER
Table 3 Variable assignment table
i FA g A 1 Rl
[ A8 A SRR % 41~177
1 4 LA A mmHg 112~190
[H 75 Hili 1 5 A TP o A — T=0,A=1
4 WML EAOMBEZEM CVHI L A X Logistic B3
Table 4 Multivariate Logistic regression analysis of WML with population composition and CVHI
AR ml ) 5 %% T Wald % {4 Py OR 1 95%CI
A —8.612 7.640 1.271 0.260 — —
AE 1 0.078 0.034 5.341 0.021 1.081 1.012~1.155
(Ve 0.039 0.014 7.352 0.007 1.040 1.011~1.069

2.3

ANE™EFAE WML 4 CVHI i S5
WML 4 A e, & B WML 20 5 o 7% & % %
(Vmean.,Vmin: P =0,043.0.032) G E L& T

&2k 5 (Vmean, Vmin, Wv., Zev, DP; P= 0. 013,
0.001.0.003.0.002.0.002) ; 5 EF WML 41 %%,

HJE WML A AAE I 4 5k A, 22 53¢ A et

2y e
- &

Mt (Rv.CP.P=0.033.0.019) , & WML 4R Al A N (Wv.Zcv:P=0.023.P=0.022), ). 5.F 1.

I 1L 9 AR L P I AR 0 A O A kD

®5 AEEERE WML EE CVHI b
Table 5 Comparison of CVHI in patients with different severities of WML

(x=£s)

24 51 191 %% Qmean(mL/s) Vmean(cm/s) Vmax(cm/s) Vmin(cm/s) Wv(m/s)
R 99 8.683+1.474 15.425+3.473 36.75546.300 6.569+2.398 17.812+7.431
R 36 8.146+1.590 13.96944.179* 35.15646.224 5.8244£2.962" 17.33945.059 "
gl 23 8.115+1.791 13.275+3.905" 35.578+5.669 4.609+2.208" 21.605+7.314" %
F {4 2.249 4.168 1.024 5.990 3.186

P H 0.109 0.017 0.362 0.003 0.044

21 5 Bil%L Zev(kPa + s/m) DI(L/mmHg) Rv(kPa * s/m)  OR(kPa+ s/m) CP(kPa) DP(kPa)
BEH 99 18.702+7.798 0.682+0.263 102.960+28.977  45.146416.574 8.700+1.694 2.7184+0.899
hEEA 36 18.206+5.312 0.6530.207 120.435+35.853* 47.065+12.811 9.46241.934 " 2.48741.022"
HEEA 23 22.685+7.679" %  0.56720.199 127.263+45.647* 53.674+21.116 9.326+1.127" 2.1124+0.667"
F {4 3.190 2.071 7.004 2.482 3.321 4.477

P 1A 0.044 0.130 0.001 0.087 0.039 0.013

x P {H<C0.05 5%

JEH L

£ P {5<C0.05 F

4 H B (LSD¢ K 50
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Figure 1

DL CVHI 2%k A 78 & . WML ™ 5 2 5 4 [
T2 ICA T Logistic [lH , £ 75 5 IR AH WL %
6. 25 H 1 R, N B IR i Y Vmax, Vmin 5
WML ™ & 2 B & 2 A4 & (OR=1.176,95% CI .

% x P {H<C0.01

%6 TE

Trends of differential CVHI parameters in patients with WML of different severities

1.042~1.328, P=10.009; OR = 2.629, 95% CI .
1.133~6.099, P=0.024) , 2 Vmin 5 WML ™=
EREMCEREE, WL,

UaEES

Table 6 Variable assignment table

A4 B3| B T v
A s i Vmax RNy cm/s 22.070~50.840
Vmin LA cm/s 2.065~12.400
R 4k i 4 B A2 AP oy KA - RE=1T1E=2HF=3
R7 WMLEERELS CVH 2# 8 % TEF Logistic B 13
Table 7 Multivariate ordinal Logistic regression of WML severity and CVHI parameters
A% g HPEEN 3 R Wald X2 {8 Pl OR i 95%CI
Vmax 0.162 0.062 2.624 0.009 1.176 1.042~1.328
Vmin 0.967 0.429 2.252 0.024 2.629 1.133~6.099
3 i @ perfusion volume, CBF) #ilill] WML K& 17, 4%
'L\

WML 5 2 i /) 155 14 5245 b 7 HG g 2 45
TEZR I /N Bl Dk 41 2 Ak . 6 40 148 0 B B 1 5T I
Bl PR 55 DR B T A v XU L W 4 AR ) T R B
FYIAIEE S HAT WML 5 B A= 322 ML A
WA T8 V5 B G I 2 e/ | ol RE M R R LT
18 PR B4 55 2 R A AR T . WML 34 i 1fiL 37 3
SEVVAN T B R BIF 58 B0, TR T 22 5 0 P A A
FU5 Jok R B 1 A R 20 PR PR A WML AR I 5K ik
w2 Jik 2 52 st bk stk B ML B2 v AT s 1Y) BEL
881 (resistance index, RD) Z 1Py WMH 19 i J&
F REL U Bk I 3 (pulse wave velocity , PWV) &2
Bl 2y ik B A A BB )2 B Y A B AR (CT
perfusion, CTP) & 3l ik & HE 45 12 #E 1 1% (arterial
spin labeling, ASL) W i@ i i # 7 & (cerebral

M, ARG AR EER TR SEER AR
— B H B8 8 (pulsation index, PDAMAENE 3 1FEAL
SRR — R WL Ze A 2 I E A
A 5E F F CVHIL 3 & fis I i & (Qmean,
Vmean,Vmax.,Vmin) .5 L& 3 4%E (Wv ., Zev) | K&
38 B (RV) (i i 48 B 915 D fig (DR LU0 26
HEVE(CP.DP) % 2 J7 1 28025 6 WAL WML 8 %
14 Fili 1 20 77 2 AR AR L o A 5T 45 R & B, WML f#
A G L I AR AN I I A B AR | R B i A R
JiJtE . H WML i 45 F2 A A 24> CVHI 25
INETE 2 S, S5 E WML A L, B WML LUK
I 5 R B 0 PR v A L WML i
2= 9) 1L 1K= O R~ o el o N 1 e S
A WML (14955 B2k A8 v, U3 DG I 378 6 R B LSO
WA RIS 5 2R, A& WML 1 i
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JEE . Ji M ot A A5 RE LM R [ Bk 5 ) EE . WML
MELER R, AR E DX WML £ 35 % CVHI
PEAT AT A BT T WML & Az i 72 bR 6] B B
i 3l ) 2 A8 A ML AR E — 20 WA WML % A= 1%
A FRALE L A I IRI2 YT $2 445 2 % 4K 4l

AW CVHI £ A 45 5 /R, WML &35 19 i
1L 3% 2 A9 $8 FR (Qmean, Vmean, Vmax, Vmin) ¥
6, H Vmin 583 ) WML ™ & 2 & B 354G,
Vmin (83} ) k52 0 25 & 5K 3 19 I 3l Jik s v o 45
PERT 0 Vimin 012 A2 0 % &F 5K R 191 s ) I 30, i
L8 2 Dl AT 4% 7 A 008 A 38 10 5 R B, e Wl DAAE
VA i GO0 P T e SR B g bR, X — E R AR S
REAEF 9T 4598 — 3. van Dalen 257 X 3 4F & 1M &
A ] 3D Flair Wl 58 WML & #1, ASL Il &
CBF, 45t 78 CBF F [ 5 3 KA WML &
%, Zhang ZU R A CTP & CBF, X ¥ CBF 5
WML & &5 A A 55, van Es %Yl van der
Veen 5 IR ST MAERIES: T CBF R RS WML
HA MG, WA, A% E LR RN
WML #9 NRE T FE XS G o 64T N BEAG: £ L 245 2R
B/ IS Bl ik R B 4 15 VR E R AR T 20 261, a3k AR
TR S e 7 WML B35 B ik i 0 i R e, SR, &6
3 T AL DRI N 2 BE 80 IR A I BF 58 s L 4
AU WML i CBF g 4s S8 =) X nl g
5 H o AT AR R CBF A7 06 A iF s
7x WML 5|6 6 40 13 25 6L =y A i i A 3427 L Jm)
15 1 2H 20 A IR R T ) A i 9 Y R 5 e
.

At i CVHI WAl & 8L, WML 8 #
e 1L 45 5 R A R BEL 7R B 8 98 R B R B R
WML 22 i/ 14 BE 0 T s A s 55 68 1 T B
XA R —8, BamrR™ U, m
BRI PEAL fE AR 18 S ik PWV . PT{E & J7
SHTAE . PWV LEIE b Y il 45 b A% 56 ol T, ©
28 4 E T PE AN O I e R B EE AR E i
5t ) Caughey 2550 5@ i %4 1 275 Bl B A iy
FEDCHE I 5 250 — 3 bk PWV FI1 S MR ) BF
F5 . KRB — e sh bk PWV FHE 55 K WML 14
FUA s Bown G897 B 5E R L4k £ 5 ik PWV Tt
5 RETII WML 5 A8 R BUG Jn ; Zhai %55 B8 52
ARG 6, AR, 4 BF SN SR AT TCD £
R Mg b s ik PT(E L RIME . 5 WML AEAHSCHE 7
BroAmEse i 5 H — 8 R ELE RN PIEHSK

PR WML A OEH, IF B A o kR [ PT 5
WML A AH M de s B i i A8 05 e I R 25 AR
P 5 0 /0 i 45 95 B pHRE OB RI(E S
WML ik J A OC 48 i £ 3 0 4 75 1T £l 1 390 8
SN Bk S b s bk PIE % R1E RE 98 $2 7R 20 ik i 1k
1 2h ik BH 77 038 n , J& WML AL 2 — .

CVHI ¥ 48 F5 o CP 1 DP BE S W S 476 B0k
A, CP FHE s DP FEAR SR GRS B . ADFSE
K WML 48 CP 1 DP 5 WML & & E A
— A 4R WML B EAFFE G IR B i . A
TFF 8 A 0 52 1) 6 48 1ff 45 16 3 G P e 5 WML ™ i
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