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Imaging features of cerebral small vessel disease in patients with non-disabling acute ischemic
cerebrovascular disease and right-to-left shunt
LIU Du-tian, BU Ning’, ZHAI Ni-na, LI Xiao-hui, 1.I Miao
(Department of Neurology, the Second Affiliated Hospital of Xi'"an Jiaotong University,
Shaanxi Province, Xi'an 710004, China)

[Abstract] Objective To investigate the association of right-to-left shunt (RLS) with cerebral small vessel
disease (CSVD) imaging features in patients with non-disabling acute ischemic stroke (AIS). Methods Patients with
transient ischemic attack (TIA) and minor ischemic stroke (National Institutes of Health Stroke Scale [NIHSS]
score <<5) admitted to the Department of Neurology, the Second Affiliated Hospital of Xi’ an Jiaotong University
between July 2018 and July 2020 were retrospectively enrolled. All patients underwent cranial magnetic resonance

imaging (MRD and contrast-enhanced transcranial Doppler (¢c-TCD). Gray matter volume, white matter volume,

[ Wk H 18112026 —04—19

[F:4 0 H IBeri s B AR 3405 H (2022]M-478)

(PRI IR R (1994—) , L, BRVETE RN, V4 22 28 38 K 27 505 Bk i I e 12~ 011 F 9 2, DA 2 48 R S 9 i
LIRBISE .

* W EMEE . E-mail:bnbu@163.com




« 1068 -

b = A 3 S N =3 HATE WM

total brain volume, and brain parenchymal fraction (BPF) were quantified using SPM12 software. Lacunes, white
matter hyperintensities (WMH) , and perivascular spaces (PVS) were visually rated, and the modified total CSVD
burden score (ranging 0—3, excluding cerebral microbleeds) was calculated. Multivariable ordinal logistic regression
was performed to examine the association between RLS and the modified total CSVD burden score. Results A total
of 376 patients with non-disabling AIS were enrolled, including 116 (30.9%) in the RLS-positive group and
260 (69.1%) in the RLS-negative group. Compared with the RLS-negative group, the RLS-positive group had a
lower proportion of TIA, and higher proportions of minor ischemic stroke and smoking history, with significant
differences (P<C0.05). The proportion of minor stroke increased with increasing RLS grade (P<C0.05). Compared
with the negative group, the mild-to-moderate shunt group showed significantly higher rates of lacunes, basal ganglia
PVS, centrum semiovale PVS, deep WMH (DWMH) score, and modified total CSVD burden score; additionally,
the severe shunt group had a significantly higher modified total CSVD burden score than the mild-to-moderate shunt
group (P<C0.05). No significant differences were observed in gray matter volume, white matter volume, total brain
volume, or BPF among groups (P>>0.05). With an increase in modified total CSVD burden score, age, proportion of
hypertension, proportion of diabetes, proportion of minor stroke, RLS positivity rate, and serum cystatin C level
showed an increasing trend, while estimated glomerular filtration rate (eGFR) showed a decreasing trend (P<C0.05).
After adjusting for potential confounders, multivariable ordinal logistic regression showed that RLS positivity (OR=
2.08, 95%CI: 1.35—3.23, P=0.001), age (OR=1.09, 95% CI:1.07—1.12, P<<0.001), hypertension (OR=2.70,
95%CI: 1.82—4.00, P<C0.001) , and minor ischemic stroke (OR=3.29, 95%CI: 2.17—5.00, P<C0.001) were
factors associated with a higher modified total CSVD burden score. Conclusion In patients with non-disabling AIS,
RLS is independently associated with a higher modified total CSVD burden score and may affect global brain health.

[Key words] cerebrovascular disorders; right-to-left shunt; magnetic resonance imaging
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Figure 1 Typical example of the modified total CSVD burden score (Arrows indicate lacunes)
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Figure 2 Flowchart of patient enrollment
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Table 1 Comparison of clinical characteristics between RLS-positive group and RLS-negative groups

15 % Bk AR (M TIA BRI A WA BB i IR PR 9%
%, %) (QR) , %] %, %) %, %) %, %) %, %) %, %)
RLS FH M4 116 84(72.4) 58(14) 56(48.3) 60(51.7) 63(54.3) 50(43.1) 23(19.8)
RLS B4 260 162(62.3) 57(17) 170(65.4) 90(34.6) 104 (40.0) 132(50.8) 43(16.5)
X_Z/Z{E 3.622 0.357 9.792 9.792 6.654 1.887 0.600
P 0.057 0.721 0.002 0.002 0.010 0.169 0.439
LDL-CIM 75 W5 b (M MyE I ZE C eGFRIM(QR) ,
. gy TCIMQR). - TGIMQR), (QR)F HCY[MQR), H;EQR?[ [1?4?2)12)% ml‘_[mm?l‘
mmol/L] mmol/L] mmol/L] pmol/1.] mmol/L] mg/1] (1.73m%» ']
RLS FH M4 116 4.08(1.14) 1.33(0.95) 2.56(1.00) 16.40(8.31) 4.86(1.26) 0.91(0.23) 103.80(22.23)
RLS F M4 260 4.22(1.42) 1.34(0.86) 2.65(1.10) 16.05(9.38) 4.87(1.01) 0.90(0.25) 103.87(22.65)
Xg/Zﬁ 1.724 1.038 1.383 0.393 0.288 0.509 0.077
P{E 0.085 0.299 0.167 0.694 0.774 0.611 0.939

2.3 R[A RLS 70 % B & G K F A 2o A B AN TR RLS ™ 5 2 B 40 21 1) s Bt . 3 i 1 X B
HRLS p Tt , BAIARR LGSR EobESE, % G e X PVS. DWMH., PWMH VL& #h B Rl
S G E L (P<<0.05), W2, CSVD & faf 43 7 1 22 5 A e it 2 3 L (P<
2.4 RJA RLS 73 %% 41 CSVD A% = b5 ik Wy e 4 0.05), £ Bonferroni & iF 5, 5 B % 4 %,
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RLS [P 260 170(65.4) 90(34.6) Eﬁj%?}ﬁﬂ“% = X (P>0.05) ﬂ%% 3
RLS | % 24 11(45.8)" 13(54.2)° . N
‘ ) o 2.5 TIA W4 A A RLS 43 9% 20 ik 25 46 1 L %5
RLS Il % 26 12(46.2) 14(53.8) g . A N
RLS [l %% 66 33(50.0)" 33(50.0)" TIA WA BUENEIP TR, SHLE BPE L il b
XZ{E 9.982 M: 8 HIZI EI Iﬁﬁi 7N N Huﬁ{’ﬁl'ﬁ: 7N [)ﬁ}é\'ﬁgﬁj\ Hﬁﬁ
P 0.019 Z R HE I FE L (P>0.05), {H K 5 A& R
"PAH<0.05 5 RLS B o (o K ) ) PSRN S R R T R i B

o AN AL I B Ak % S [k pys, RIS BIPE R IOBCR PR R B AR BV b T
SE L PVS. DWMH P4 Rs AT CSVD g PV PEAL, PTREAR BRI AR A I JAF AR AT
fi, Wk,
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Table 3 CSVD imaging markers among different RLS grade groups

REIEWX PVS  Hfiii PVS[M RETEENIN PWMH[M DWMH[M

2151 BI%C bR B, Y60 MOR)] (OR)] PVSIM(QR)] (OR)] (QR)]
4 41 260 136 (52.3) 1(1) 0(1) 2(1) 1.0(2) 0(1)
B—rhEARACT + 180 50 35(70.0)" 2(1)° 0(0) 3(1)° 1.5(2) 1(2)°
RS A CE0 66 42(63.6) 1(1) 0(D) 2(1) 1.0(2) 0(2)

Y*/H/F {4 6.937 6.741 0.398 7.391 6.277 12.988

PfY 0.031 0.034 0.819 0.025 0.043 0.002

" b by BRE WERER O BOCRE RRRAE SR

(OR) 4] (T+s, %) (z+s,mL) (r+s,mL) (r+s,mL) (r+s,mL)
FF 78 41 260 1(2) 74.6+4.8 564.1+82.3 497.14+85.8 363.7485.5 1424.94151.4
ié—ﬂPr“ ST + T %0 50 2(2)° 73.7+4.7 560.8+79.4 494.9475.1 375.9470.4  1431.5+110.8
FE S AL I 40 66 1(3)* 75.144.0 578.1468.7 525.1494.4 365.8+70.8  1468.94-127.0
XZ/H/P i1 12.545 1.360 0.941 2.958 0.468 2.515
P{H 0.002 0.258 0.391 0.053 0.626 0.082

PAE<C0.05 SEAMEAL HLEE TPA<C0. 05 5 7% — v 43 U 41 He A (o2 A e ok A ARG 38D

4 TIATLEAFRLSHEEMEHZNBRMESD T
Table 4 Sensitivity analysis of RLS grade and brain atrophy in the TIA subgroup

(z+s)
21 541 1% BPF (%) iR (mL) R RA A (mL) A AR ML) AR (mL)
I 21 170 74.8+4.8 566.9488.1 484.64-83.9 358.3+81.3 1409.8+152.3
B4 (1 + 1190 23 73.24+5.0 567.7482.2 486.7476.7 386.6+77.1 1441.04£98.7
A T 4%) 33 75.3+£3.8 578.0476.9 517.34:102.1 362.5+66.8 1467.8+122.1
F il 1.513 0.232 3.425 1.300 2.477
Pl 0.222 0.793 0.054 0.275 0.086

2.6 RLS/r4 5 R CSVD i fif 143 56 & 1) REF—3. KEAEAKRREZES LR ITHE XL (P=
SYE R R HAE RS fE ST, RLSHH 0.353), $& 7% 55 {1 2 B X 12 5 B0 . 3 R0 A& T
PE S5O Bk B CSVD B A A 3 2 b s A TER, W5,

* (B=0.333, 95%CI. 0.128~0.539, P< 2.7 RLS/Z5M R CSVD & fifiF4r 52 £ 1Y
0.05) ., ZFBAE TIA W 4H (B=0.281, 95%CI: ZHRELERT I RE RN ER) DBRER
0.006~0. 557, P<<0.05) MM A f 4 (B= Wi CSVD S P o A K A2 5, RLS/304% . 4R 1% |
0.416, 95%CI: 0.089~0.743, P<<0.05) w1y E L BRI . RS MR R A A
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Table 5 Stratified analysis and interaction test of the
association between RLS group and modified

total CSVD burden score

A /A % BE 95% CI PE  Pieucion
B 376 0.333 0.128~0.539 0.002  —
b b

TIA W41 226 0.281 0.006~0.557 0.045

0.353

BRI AP 150 0.416  0.089~0.743  0.013

TR UL 6, WAZHELERIE, BRI
fliffl i — RN E R, 4R E/R, RLSHHSUR
W CSVD B faf P43 S IEAH G, [HRIEG 22
M (P>0.05), WFE7,
2.8 R E R CSVD & g 2143 41 i — A 75kt
Bl R AE AL 4R bR Le B AR 2t R L CSVD & i fif
PE4y 43 R UU 4 . CSVD=0 43 111 ] (29.5%) ,
CSVD=1 4y 119 ] (31.6%) , CSVD=2 4} 67
#7 RLSHPS5HRHKLCSVD &

*6 TERMEEBR

Table 6 Variable assignment

A5t 25l A5 1 A
[l 25 it
B CSVD B faf it 4 L8 i
SR
RLS 7% FAPE=0, T =1, 1 %=2, M%=3
AE LA i
= I J=0,F=1
Wl IR o J=0,47=1
ERlES] TIA=0, AR =1
P53 Ltk=0, Bik=1
UTHES J=0,F=1

RIS XANSERLERMASHF(FE

il (17.8%), CSVD=34r 794 (21.0%). bE#H
BRI CSVD S f gy PF 40 Tk, AR . Il L
il . IR e AR ] . RLS BH A K
ML M 2R CRFH R, eGFR 23
P(P<<0.05), -4lmum g . 5] B 2 iR K =
JE A 22 5 B G i2E  (P>0.05), WS,
—-RE%%)

Table 7 Multivariate linear regression analysis of the relationship between RLS grade and modified total

CSVD burden score (dose-response relationship)

A5 ik [EEEEY 4 FRUE A R D R BhR iR HfH Pl
RLS 73 9 CHE 34 Jin—40 0.078 0.083 0.041 1.885 0.060
AL 0.041 0.427 0.004 9.757 <0.001
9 1 R 0.457 0.207 0.098 4.689 <20.001
AR (A /TIA) 0.609 0.270 0.101 6.008 <£0.001
P -0.098 -0.042 0.128 -0.767 0.444
A 0.152 0.052 0.127 1.192 0.234
UEHEY -0.010 -0.004 0.124 -0.079 0.937

2.9 MM ECSVD BAMITESMKNE ik N~ %

R R CSVD &7 faf ¥ 50 A8 5, RLS 434 . 4F
LN = (| SN 7 TN o~ BN B N 18
B E C K eGFR A AR RIRME WL 9, HAHTF
Logistic [ H 73 87 o P47 24 50 W7 Fo 1 L 35 i ik
WL (x*=15.635, df=16, P=0.479). & IFIRZ:
W& 5, RLSHM (OR=2.08, 95%CI: 1.35~

3.23, P=0.001) ., % # (OR=1.09, 95%CI:
1.07~1.12, P<<0.001) . @& Il JE (OR=2.70,
95%CI: 1.82~4.00, P<<0.001) M #&% # %

i (OR=3.29, 95%CI: 2.17~5.00, P<C0.001)
2 R 0 B B CSVD B 1T B4 B9 5% R
HoAb b ST R AL MIEMH R C. eGFR. BEIR
5 s e W M s 5 BB CSVD L B faf 43 G B
XK (P>0.05), W10,

AR WG AE TIA R e # A AR R G I7AE T
RLS 5k B R CSVD & faf #7401 B M . RLS
1 9 3 25 4 45 O B L R M (patent foramen
ovale, PFO) . Jrlalfasedit . = [a] b k46t DL & fili 20
F kS, Hoh PFO J 5 80URCH 1 1 %€ el WL
JOH, 29 4 RLS i B9 95% U A #fF 58 R
c-TCD Kl RLS, ﬁ&ﬁmﬁmEﬁW%,%ﬁ
FE R 93% 1, Al R oy B RR BE IR AT 4 G, {H TGk
FE BRI R I . ABESE T, TIA K3 A fil 2
AR RLSK I E K 30.9%, 5P #F PFOR
RHR (25%~30%) AR —F 22,

WF5E & B, RLS BHME 5T & ) CSVD #2142
o sz A e, BRI S, B — T RLS 20 i &
B B R AR SR X R R e X PVS
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Table 8 Comparison of general data and clinical biochemical indicators among different modified total

CSVD burden score groups

g % %‘%‘Vk(ﬁu A% TIA BRI ﬂ)ﬂﬁ o I Wl PR RLS
B, %0 [M(QR) . %] (Bil%, %> (%, %) CBIE, Yoo (o, Yo Bk, %O (BiTER, Y0
CSVD=04r41 111 65(58.6) 50(17) 85(76.6) 26 (23.4) 44(39.6) 36 (32.4) 12(10.8)  28(25.2)
CSVD=14p41 119 79(66.4) 58(10)" 75(63.0) 44 (37.0) 51(42.9) 52(43.7) 19(16.0)  32(26.9)
CSVD=2434H 67 47(70.1) 58(13)" 38(56.7)"  29(43.3)" 34(50.7) 42(62.7)" 17(25.4)  16(23.9)
CSVD=34r4 79 55(69.6) 65(12)~  28(35.4)"  51(64.6)" 38(48.1) 52(65.8)"  18(22.8)  40(50.6) 2
Y2/ H/F A 3.638 64.315 26.558 2.665 27.463 8.019 18.539
P1H 0.303 <0.001 <0.001 0.446 <0.001 0.046 <20.001
415 % TC (x=s, TGM(QR), LDL-C(z+s, [MP(IE;;)’ [%/1 H?Qﬂjlle};% m[(]\é’;ﬁgif( ebjﬁ%f{f)’
mmol/L) mmol/L] mmol/L) pmol/L] mmol/L] mg/L] (1.73m» ]
CSVD=04r41 111 4.2440.94 1.33(0.76) 2.7240.79 15.6(7.6) 4.80(0.83)  0.86(0.2) 110.48(22.35)
CSVD=14r41 119 4.1941.05 1.28(0.84) 2.6340.86 16.3(10.2) 4.83(1.1) 0.9(0.23) 101.99 (18.9)
CSVD=2434 67 4.1940.91 1.28(0.94) 2.6540.78 15.6(9.2) 4.87(1.14) 0.9(0.25) 102.36(27.19)
CSVD=34r41 79 4.1341.08 1.53(1.03) 2.5740.90 16.8(9.0) 4.96(1.1) 1.0(0.25)"  97.35(22.29)"
Y2/ H/F i 0.198 2.209 0.475 1.721 3.309 30.183 17.722
P 0.898 0.530 0.700 0.632 0.346 <<0.001 0.001
PIEE CSVD=044H E  “P{H<C0.055 CSVD=144 lE  “P{H<C0. 055 CSVD=2 4321 H % Bk A 30 s o 45 58
®o TEREWFR 7~ RLS 5 CSVD fi fif 22 [8] 47 78 7 4 — B 56 & o
Table$ Variable assignment (0750 R A T 3 U 145 Y AL 0 S 4
X 3 Y PR S GR X, AE S T A AR A R
A B/l AL R RPERE AT ). DWMH 340 b RLS
a%zamcsvmamfﬁi%} 048=0,143=1,24r=2,3%3=3 3R T B T PWME 52K
e e 5. B DWMH  RLS f6 R P Bt 0 i
i 32 2505 it & WEAEEEF 1125 41 19 Meta 43 BT iF 58 0 £ W,
SR R F=0,4=1 it Sk 9 A8 A 0T RLS 5 i 1 5 & 15 5 35 40 OC
L x=0,4=1 TE B IR 3 BT L R, RLS 5 DWMH B3 IR A7
o reo 125 CHE ™5 A A3 B ) BRI 19 PO AR D646 o
P B B, RLSHES WMH ., B P I A 58 % 0 1% )2
R D ARG 2 MOHLE B, RLS A fE a2

PEor . DWMH PP Bl B CSVD B 6 fif - 53 1)
T RLS Bk R 5 i 5 53 90 4 A9 0 R R
CSVD BB PEoTiE— 20 TR — B or a2

WA FES| R A . R I s, S S
B LR R o Xie 5 Y & B RLS B ik i 4
O PR AR, H5 WMH A & A4 & 56 . Cai & 7
#& 1 PWMH 5 DWMH AT 58 47 76 A [ 1 95 B A 2

®10 REBZEEZFRLSEHRIM CSVD A FES K E 454

Table 10 Regression analysis of RLS and modified total CSVD burden score after adjusting for confounding factors

b AR [EVEE¥ 4 FRifEiR Wald ¥* {4 PH ORfH 95%CI
RLS 734 0.727 0.219 10.966 0.001 2.08 1.35~3.23
AEI 0.089 0.011 66.616 <£0.001 1.09 1.07~1.12
Wl R 0.248 0.261 0.904 0.342 1.28 0.77~2.13
o 0.986 0.203 23.557 <0.001 2.70 1.82~4.00
A8 s 0.056 0.204 0.076 0.783 1.06 0.71~1.58
FFER 1.191 0.216 30.354 <0.001 3.29 2.17~5.00
M PEI R C -0.046 0.065 0.500 0.479 0.96 0.84~1.09
eGFR 0.002 0.005 0.226 0.634 1.00 0.99~1.01




e BE R OR % % R

HATE WM 1075 -

BUI, i DWMH 5 2 5 i — R i SR Pk
e FEAH X

RLS 43 9¢ 5 FE %7 X R 2 50 5] ot X PVS 3
SrEIEEEIEASC, HREOR L X 2E R E
B . Lin%gs 5 g A 108 5] PFO 3 5 110 fi fe
IR, 45 R B8 PFO 4L 00 3 o0 X PV S 343
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PVSPFIrRIEMK ., ¥ R PVSERME RS
AE W A% 1) B AR E AR AR Y, RLS BB & R
[ ot X PVS i 35 T i Al e B2 7R ZE 0k 0 B D) e
Z A

AL R B R, AR RLS 49 41 1) il 14 L
Tehr 22 R LG8 X, TIA W41 09 808 4 Br
IR AR 7R RLS 55 1l 22 4 2 (8] i B A 6 R (O
52 LA A Bg i #4o0 , BEAE 8 RLS B Y
s Sk I R A TE R R R AR B A Y R R RS
2 Meta 20 B 0 W, i Sk R AR AE TR K T 2 40
RIRAWEEE Ak, 18 R T BE T BUR i A Y
B o TIA SE 41 v 300 B2 1) B 345 1T B 5 RE AR 1
BN (g —rh B mAL 23 01) . R FE 40 AL IE AR S 45
RN ZE (W RLS B TIA B & W e R R .
FLR MR BV R DA R 25 4 o KO BB R
TIA B E R BRI EREA X,

Z WL CSVD B ff PE 4y (0~443) TR 4A
SR 4 i /0 oL A A R O S T A /N I A e R 15
3% IR BB R I M S R Sy A R Y b AR . B
5V RBL, AR . EILE . RARIA G R RLS 5T
I R CSVD L 7 faf 9F 43 2l Sz A 56, Hop 4R
W Sk i i R R R 2R i IR R /) B kBt R AR
75 K I S5 B 05 38 CSVD B B RLS $%
CSVD ML A4S . O R H M % 5 80U 5
IE, BB KSR, {2 kL L WMH B
B @My uE R R, KW CEs T &N AT gk
0 20 208 PR AR 3, IR /B 4R CSVD Y
B Z — 5 O i U R R R AT R AR R
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0 /0N ML 5 A5 405 43S TR A UE B, BRI RLS &
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