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Value of Multimodal Ultrasonography Combined with Clinical
Indicators in Predicting the Progression of Ischemic Stroke

DONG Li V', NING Rongping ", XIAO Qiongyi »
(1) Dept. of Ultrasound Medical Imaging; 2) Dept. of Emergency Medicine, The 3rd People’s
Hospital of Yunnan Province, Kunming Yunnan 650011, China)

[ Abstract] Objective To investigate the clinical value of multimodal ultrasonography combined with
clinical indicators in predicting the progression of ischemic stroke (IS). Methods A total of 134 patients with IS
admitted to Third People's Hospital of Yunnan Province from January 2020 to October 2022 were selected as study
objects and were divided into progressive ischemic stroke (PIS) group (7=20) and non—progressive ischemic stroke
(NPIS) group (n=114) according to the National Institutes of Health Stroke Scale ( NIHSS) score. The clinical
indicators, multi-modal ultrasonic image manifestations and related parameters of the two groups were counted, the
influencing factors of PIS were screened by Logistics, the nomogram model was drawn, and the predictive efficiency
of the nomogram model was evaluated by ROC curve and calibration curve. Results There were significant

differences in age, baseline nutritional risk index (GNRI) score, baseline homocysteine (Hcy) and baseline uric
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acid (UA) between the two groups ( P < 0.05). The peak time (TTP), peak intensity (P1), the area under the
curve (AUC), carotid plaque enhancement mode, the mean value of maximum elastic modulus ( MEmax) and
mean value of minimum elastic modulus (MEmin) were compared between the two groups, and the differences were
statistically significant ( P < 0.05). Logistic analysis showed that baseline GNRI score, baseline UA, TTP, PI,
AUCTC, carotid plaque enhancement pattern, MEmax and MEmin were the influencing factors of PIS (P< 0.05).
Based on the above factors, the nomogram model was drawn. ROC curve and calibration curve showed that the
model had good prediction efficiency, and the prediction efficiency was in good agreement with the reality.
Conclusion The influencing factors of PIS include baseline GNRI score, baseline UA, TTP, PI, AUCTC,

carotid plaque enhancement pattern, MEmax, MEmin, and the neagram model based on the above factors has

good differentiation and accuracy.

[ Key words] Multimodal ultrasound image; Clinical index; Carotid artery plaque; Ischemic stroke;

Neurological impairment; Quantitative parameter
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q, AR R B N A T (progressive ischemic
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( National Institute tof Heath stroke scale, NIHSS) i
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B2 KN 1dNABRE; BERIREMERR
RSN, ABE 15 h~7 d 19 NIHSS ARG
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BHEEZRNERER, FREaMEE AR
BERBEfE B2 b1 2 At (f&H 2019-006-01),
12 ZESEERGRNTE

WU ARG SR CAH EP1QS F TOSH-
IBA Aplio 400 % {8 22 & i) 18 7512 Wi {2 A7 43 4
FTATHE M KA, PRI 5~ 12 MHz,
BUMEML, REEHHE, IS kI 3 2 513 ik
IR XAL, TR BN S Ik OB, W)
WiGEAT . BAS, KBk RE . BN, I0%A
TC B BKIE B (BEBRJE BE > 1.5 mm A 5k BERT AL BE B TE
B BT . [ AR AR

HE 15 R (contrast—enhanced ultrasound, CEUS):
VB i 4 (3 K Braceo) 1525, 4 5.0 mL 4
T ER K R ) S TR AV, TR DK A R R
KAESSEEEIR, RAFRDIE, WEER B
A TEN . R4 SonoLiver AbFSE , 1 2 {7 = 4F
BEm R BRI LA 00 Fr, A) @GR X, WEEE
AR W BEER AR (1 9. SMIRH o
BEH PR WG58 s 2 9. BEH P D G EO7E SR
SR 390 ZORIEIRIT A BBEHNTRSY), Zemf(a)-
9 BE R AL IC SR G I ] | W (RN [B] (time to peak,
TTP) . £k b JFSCRE AR P 2458 4 B 8] (mean
transit time, MTT). HHZE T 1AL (AUC,). V(5
i (peak intensity, PI),

S B VI 3P 4% (shear wave elastopraphy,



168

B BE B K222 4

%45 &

SWE): XUl SWE IifE, MiEGEHRA, &7
155 ~10 s A ER, JA2h QBOX hfiE, ) i &
PLERIX I, IR 2 DU Uk RE S 2 s A R AT
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(3) Logistic 437 PIS ZIR AN ZE ; (4) 514k A
2 PIS A KU A, A2 . ROC 2%t
AR T IR
1.4 SitFEaE

K H] EXCEL 2019 W& IH 9 Il IR BT 8L, 224K
1 SPSS22.0 Ab FREL A , 11 BEEAT Shapiro-Wilk
IEASKIR . Levene J7 2255 AT, BN I 255%
PEHGERIIRM B IES DA LA(2s) Fn . KK
HEGOR n(%)Rm . 2K, SFHRGORH R
ks, ZHESPRH Logistic; R B4
rms F£ 544 51 4k RIS, SRS HERRZE . ROC
LRI LR IKIBL AL . P<0.05 N ZESF A G2
2 FR
2.1 2 AlGKIEMRIEER

QMRS . FELR GNRIVE Y . FEER Hey. JE
& UA IL#, ZRAGITHE L (P<0.05), Wk 1.

F1 24AIEKRER [(X+5)/n(%)] (1)
Tab.1 Clinical indicators of patients in the two groups [X+s)/n(%)] (1)

215 W (HBA)  FERR(E) BMItkgm?) KIHEABERE(h) FELENIHSSIEA(43) FEELGNRIFES(43)
PISZH (n=20) 14/6 68.68+3.51 21.89+0.63  4.14+1.32 13.32+1.15 91.12+8.89
NPIS#H (n=114)  ¢3/51 62214445  21.76£0.88  4.34+1.01 12.78+1.67 103.21+10.33
the 1.512 6.167 0.632 0.778 1.387 4.920
P 0.219 <0.001" 0.529 0.438 0.168 <0.001*
*P<0.05,
F1 24IEKER [(Xxs)/n(%)] (2)
Tab. 1 Clinical indicators of patients in the two groups [X+s)/n(%)] (2)
215 FHey(umol/L) FEZLUA (umol/L) FEZEWBC(x10°/L) JE£ECRP(mg/L) WS RS A
PISZH (n=20) 18.22+42.34 300.02+15.56 8.11+0.56 201.12+41.12  9(45.00) 11(55.00) 5(25.00)
NPIS#(n=114) 13.38+1.51 212.21£13.35 7.89+0.73 289.99+42.86  49(42.98 58(50.88) 20(17.54)
the 12.061 26.458 1.282 0.109 0.028 0.116 0.229
P <0.001" <0.001* 0.202 0.913 0.867 0.734 0.430
*P<0.05,
F1 24IEKER [(X+£s)/m(%)] (3)
Tab.1 Clinical indicators of patients in the two groups [X+s5)/n (%)] (3)
. TOAST/3 BB
ZH7 - - —

’ 2SUE CE SAO SOE LAA EIMIEEE  BER e I TR
PIS41(n=20) 3(15.00)  3(15.00)  3(15.00) 1(5.00) 10(50.00) 10(50.00) 8(40.00)  6(30.00)  5(25.00)
NPIS#H (n=114) 19(16.67) 17(14.91) 15(13.16) 4(3.51) 59(51.75) 41(35.96) 37(32.46) 29(25.44) 23(20.18)
the 0.003 1.422 0.434 0.183 0.037
P 0.998 0.233 0.510 0.668 0.848

*P<0.05,
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22 2HBESEFEXERARSHILEK
221 TTP. Pl. AUCq.. 30 8h ik BF B 5 5 5

7. MEmax., MEmin b4, Z5 B 5155 L (P<
0.001), WF2~5k4, K1 FKE 2,

x2 2HENBERA (%) ]

Tab.2 Routine ultrasound manifestations of patients in the two groups[n(%) ]

i B kB B DRSS T B DR B [ 75 REAE
) H x iP5 ffi BT Btz B L7 Ay Ll e 548 [ P
PIS#H (n=20) 12(60.00) 8(40.00) 3(15.00)  4(20.00)  2(10.00) 3(15.00) 5(25.00) 5(25.00)  2(10.00)
NPISAH (n=114) 68(59.65) 46(40.35) 19(16.67) 24(21.05) 6(5.26) 19(16.67) 23(20.18) 30(26.32) 15(13.16)
tly*lz 0.001 0.703 0.333
P 0.976 0.873 0.847

*P<0.05,

*3 CUESEEZY [n(%)]
Tab.3 CUES quantitative parameters [n(%) ]
wEgE TTP  MIZ% FJE MTT  AUC PI SRR HEPRAI B
2H 5 ; TC
(s) (s) SRR (s) (dB's)  (dB) H 7 19 244 3%

PIS41 5.49+ 8.67+ 0.88+ 27.11+£ 300551+ 72.88+ 15 5 1 6 8
(n=20) 0.43 1.23 0.40 4.43 468.81 6.67 (75.00) (25.00) (5.00) (30.00) (40.00)
NPISZH 541+ 11.12+ 0.85+ 28.50+ 2371.68+ 65.52+ 80 34 21 45 14
(n=114) 0.55 2.31 0.46 3.72 400.24 7.29 (70.18) (29.82) (18.42) (39.47) (12.28)
thilz 0.618 4.620 0.000 1.497 6.364 4214 0.192 9.717
P 0.538 <0.001" 1.000 0.137 <0.001"  <0.001" 0.661 0.008

*P<0.05,

. y: ot B EY 28
#4 SWEEEBSBH (T£s, kPa) @#mﬁﬁﬁﬁﬁﬁHMwmﬁ%f%a?m
Tab.4 SWE quantitative parameters (X+s, kPa) Wy, BEZ UA. TTP., PI, AUCq 51 B ok it Bk

215 MEmean MEmax MEmin
PISZ (n=20) 70.08+7.56 84.42+10.13 67.55+5.53
NPISA (n=114) 68.96+8.04  73.95+8.87  60.33+6.12
the 0.579 4.766 4.932

P 0.563 <0.001" <0.001"

'P<0.05,

A 3505 B K 53 SCA S5 RE AR ] B B A4
Jry BRAE R A (T AR R 2 62%), BEH N AR Bt A
AR IS TR 1 —— e B AU B
23 PISEREZEAZESH

PLIS J: ik e o Rl B i (=1, #=0), &1
ME2EAG T ELIEWRIENAZREAA
Logistic A1 15 77 #, ZER EIOR, Fk GNRIPES) .
L UA. TTP, PI. AUCq.. #9050 bk B e dih i 45
7, . MEmax. MEmin J& PIS 5 Wi [H 2 ( P<0.05),
W35,

24 J&EERNESKIE
(DLLIS B E WK R RIE NG R, 46

IR . MEmax. MEmin)Z2 |41 £k RAELA . &
2[R 22 60 81 4 [ 17 9 Points BB RN 2R
1955, 52 R AR 45 Z FNX R HE(E R PIS &
AR, WE 35 (2)ROC HHER E L, H) LRI AY
W PIS B9 AUC & 0.862(95%CI 0.786 ~ 0.939),
TR I RE S 4350 R 80.00% . 78.07%, VLIE| 4;
)R HERZ I, HE& EIBIAIFI PIS #EMf Ry
TN RE 5 SEPRM) A A, WKL 5.

3 itig

HWIF BN, 2 25% ~ 50% 5 [k ok AT Ak
BEHe i v sl 4 ] 51 1S & A4, T PIS 4905 1S
B 12% ~ 45%, PIS WiJG 425, BUk%HE . $IER
Mo, A AT PIS &4, A B TR R
PIS m=ife NBE, HEimekss s 1ot AR R B,
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Tab.S Multivariate analysis of PIS incidence
SR T B SE Wald y* OR 95%CI P
W 16.612
AR SCAE 0.155 0.412 0.142 1.168 0.871 ~ 1.566 0.044
HeL GNRIFFE4) SCE -0.581 0.135 18.531 0.559 0.432 ~ 0.724 0.001"
HLLUA SCE 0.226 0.369 0.374 1.253 0.669 ~ 2.347 0.341
HLHey SEE 1.550 0.402 14.875 4.714 1.338 ~ 16.605 0.001*
TTP SNE -0.820 0.171 22.990 0.440 0.376 ~ 0.516 0.001"
PI S 1.645 0.365 20.314 5.182 1.568 ~ 17.123 0.001°
AUC¢ SEME 1.727 0.417 17.150 5.623 2224 ~ 14218 0.001*
12 KB I s AR = %=1, 2%=2, 3H=3 1.632 0.358 20.779 5.114 1.376 ~ 19.004 0.001°
MEmax SC{E 1.800 0.436 17.036 6.047 2.268 ~ 16.123 0.001°
MEmin SEAE 1.725 0.517 11.130 5.611 2.004 ~ 15.712 0.001"
"P<0.05,
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Points
o 7 -
JER GNRIHY 130120110100 H0 80
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TTP e —T—
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AUCTC 1400~ 1[800 2200 | 2600] 3000 " 3400 ~ 3800
ST 2o
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MEmax S0 59 60| 65| 70 |75 [80 85 90 95 100
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Total points y T T T T T T .
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