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[ Abstract] Objective To evaluate the performance of prediction models for acute penetrating artery territory occlusive
cerebral infarction based on machine learning algorithms and select the optimal model, aiming to provide evidence for clinical
management of acute penetrating artery territory infarction. Methods A total of 441 patients diagnosed with acute perforator artery
territory infarction were enrolled in this study. Patients with incomplete clinical information (n = 10 ) and multiple cerebral infarctions
(n =28 ) were excluded, resulting in a final sample size of 403 patients. The outcome variables were divided into two groups: good
prognosis ( mRS scores of 0-2 ) and poor prognosis ( mRS scores>2 ) . Univariate and multi-variate Logistic regression ( LR ) using
the stepwise regression method were employed to identify prediction variables. LR, random forest ( RF ) and support vector machine
(SVM ) models were utilized to develop a prognostic prediction model. The dataset was further divided randomly into a training set and
atest set in a 7: 3 ratio. In the test set, the predictive performance of the model for 90-day functional prognosis in patients with BAD
(with poor prognosis defined as mRS scores > 2 ) was evaluated using metric such as the area under the receiver operating characteristic
(ROC ) curve ( AUC ), accuracy, sensitivity and specificity, etc. Results Among 403 patients with BAD, 68.73% of them were
male, with an average age of ( 60.4 + 11.4 ) years. Using the stepwise regression method, 7 prediction variables were selected from a
pool of 44 variables: white blood cell count, platelet count, blood glucose, cholesterol, history of diabetes mellitus, history of taking
hypoglycemic drugs, and history of smoking (all P <0.05) . The AUC of LR, RF and SVN for predicting clinical prognosis was 0.610,
0.690, and 0.780, respectively. Conclusions Machine learning algorithms have demonstrated certain predictive ability for acute
penetrating artery territory infarction. The performance of RF and SVM models ( nonlinear models ) is superior to traditional logistic
regression model ( linear model ) .
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Predictive model

EZH S 046000 Kif, FKIAEEEE (XIWF) 5 048000 4k, i NRERHIZMNA (SR, VFmime, I )
WEES, DU, E-mail: sxjcjlb@163.com



2024 4E3 45 55 %5 3 8

HEE 171

oG A< o L 28 R 4 BRSO R EOBE 1 5 KR
W, BASEHRE, SEER, RitRNRT,
I HLAB R4 B TE, AR AR S A R
ok T B RGAHEML F5E BoR, 90 d IR &
RN 2.81%, LA AL T 5w KR, fiZe A
BT & S8 WS, 28, A EYRERRT &
INAITRERE RS ASL, B 25| RGO 28 A AR, bl
Z TR 1) R A2 5 SR B B 92 315 I S 1 4 448 5 97 2
DUE A7 I 80% (1) i A Fp B 2 Ay e o e i 2
W, 14.9% IR IS, 3.19% Rk BT B HY
AR 2 S S ks AR AL R (BAD) LA
Bl ik A S R R, B B Jbk oS R B Ak (5 A5 I A4 3
FEAE HF oI ik FL B 30T AR X g5 K 0 28 3 (A% 700~
800 wm ), S5 [ EPEIST MR 2 R FESE A 5 WL H.
FEAREN, TUWIMAREZ I, 16K % 2tk
W, BAD 5| & i fiki 4% v 58 5y s L AR U Bl kv 42
IHREAR M, e 2t P i i e e s
27 10.3%~10.8% 4 BAD &, Hih 17%~75% iz
ARG Z RREWIERZEIA TN E™, BIHAR
b, BEAEXT BAD BRI ik, P
BAD A2 Hh A i f b EE e

ML) —ATREE (AL — P HEEH T,
WeBt o) T 2 2 FNR B 2 ) O H Bl 2
ST E ST, RSB R AR BRT I R R
M ALJESCBUR e 7 B2 B, Hate A%
PLES 24 2 L F I AE v A SCAISY , A seages
YR LR A T L R TS B
W — i A v SR i e BbR, A B T e B
A IR IG T HAR .

U AR 7R (1 Sl 57 T LA Bl I DR 2 U AR 4 751 0
SRR A F IR YT T % . BT LA
) TG EARAR 2, (HAERXT BAD M54
o B 5T B . ARBFAE B AR T ML RS 2 ) X
SV 2 S B Ik DAY FE T A B A A o 25 T i T A
RY, I A O FE b FEHEATIEAN, R SR
KL, Ol BAD AHSEIG A IR TR HES KA

& 57 %

—. MIRM&R

WFFEXS ARV F 1 PH 48 B2 E R Htt
ARG PR B SR A2 il A v 1 5 5 B
16 F H——1K 6 5 27 Bt B kT A RS B i 42
R, U4 2020 4F 1 H % 2021 4F 12 H iE4E A

B 1) 2P 28 S Bl DK P ZE Pk IR AT JR 3 441 B Y Il
IRERE, LU A SHEBRARESEA T E, A
brifE: O >18 %5 QR 4HE BAD @ X, &
K CT 8¢ MRI #fi2 I 5, L MRI 9 HUINARL
B (DWI) S 7 A7 78 28 Sl kAt I X ( 5Ly
X, N Fid, MidrsE ) IRSZAEER AL ( AR
<30 mm ), FEFERRIEAE KN =D BT 2
A DWI SAR)Z 10, 58 DWI B R sEm k5 K2 1
EHAE> 15 mm, 8% DWI 7 8 565k k55 ki 47 7 0]
() g 2 T AR, A AR ARSI P 7 T —Ml 5
AN, @KW 3 dN; DFBIEZIRIT.
Hebrn e OIRIRIE EATERE; @K 90 d AL
T QKM KBNS, &P ABIEX5
403 i, AWESRJE T 5T, B R AR
P e 5 A AR B 22 51 23 W A%l F (b5 JCPH.
N020221201006 ).

Z. BEEHE

IR NGy

WM ERRGEWERFENAOAGEE (F
0. B RBTEE . BMI). ARG S22 K A 4
ROMLEE ., LA, A, b, ek
g4 1 Y N 1) AN R i v O N 11 | A 14N
WRELAN . MLz FRE . WU, JRE /HLEF. C
KW (CRP), LDL-C. H i =g, AH & .
mMAE. D- Rk, [FAEMERR (HCY ) ] BEfE
o s [ L BEERI bR S Ko A A Ak O U
g COREC ). OB Eigl . B I, BAEsE | A
NS IR AR | st ), REFEIRZT S (R R 2y,
VN2, BEAEZ . PUEEZN . DU/ NRZ 5 ). T
43 [ AR 5 [ [ 7, AR ST e 4 b 3% ((NTHSS )
PE4r . JNEE J5 NIHSS P43, H BE B NTHSS 345
A BE I B B Rankin 32 3% (mRS) ¥F4r. i Be A
mRS W43 | DRSO, A g B
SEH AR SRR L TR

2. R R

FHHIERTIIE, (FH mRS AL %90 90
d i EE UG . B ERFER RS RE (mRS 5
0~2/43) MG AR (mRS PE>2 40 ) 20l 2 4.

=, GitFEAE

K JH SPSS 25.0 F1 Python 3.7 ¥ 47 84 43 #r.
TR RN (%) Fon, HWECRHLY KR
FFEIES A TR SR X £ 530K, BCR ¢



172

HES

2024 4E3 A4 55 %5 31

*ﬁ%\, K?@%E?&%%ﬁﬁgﬂ‘%ﬁ*’#ﬁﬁ M (st, P75>
T, SR IR . AU P < 0.05 HZESA
gt Lo

M., PSRN 77k

PN R Logistic A (LR) ' P < 0.25 (il
MHRRMAZHRIHr, ZHER LR LB A%
PEATHRAE T 8, FZH P < 0.05 AYZE 44 A T
BAdrh ] EM dfNE X BRI E S TR . N
AWIRFFE G4 7 3 BEALA I ZREE RNl il 4L
KA LR, BEHLARAR (RF), ZFFmEHL (SVM) 3
FRHL 27 2T 1Y 5 k40 il S T A A, e 3 4R
DAL %A T A AR F SR 14 B A AT N R S, A
RUPEAN 46 b A 46 32 X F BRAE AR IE (ROC) T2k
e B A (AUC)., HERREE . RS, Fr 5
JE. AUC 25 0.5~0.7 &7 T00 N AR R 114 7 o 32 %

fi&, 4 0.7~0.9 IfF R PN BAT — & HER
AUC>0.9 ik DU 38 7 T 000 6 7 5L A7 2652 vy ) 9 22
MG AUC PEAEBORIOME, et LAY

# =R

—. 2 ARMF I KA EEMEL B EEL
B b

AHIFFE NS G 551 1 S 28 3 B ik P 2 1
ki 158 5 £8 #3403 5], Hovh S R 45 4H 353 41
HUG AR 5060, 241 M EYIM . /M. D-
TR ABERT NHISS ¥4, INE 5 NHISS $F43
tHBERT NHISS W43, BERT mRS PF43 . BEAEBEIR
s . AR S 2 R A G EE L (P
<0.05 ). W 1,

x1 2HB2MEFIIKARMMELSEEL TR L
W H BUGRAAA (353 01)  BURREAL (0B1)  pz @i PiE <2 AT
OR 95%CI
UNEEZES
il 1 % 60.74 £ 11.41 58.36+11.47 1379  0.169  0.982 0.957~1.008
B fem 166.34 +7.26 166.56 +6.92 -0202 0840  1.004 0.964~1.047
T kg 67.38+10.72 69.06 + 12.04 -0.851 0395 1014 0.982~1.048
BMI/ (kg/m’) 24.34 £2.96 24.65+3.45 -0569 0570  1.035 0.919~1.165
ABERT I F ke A 4G R
MLaEH / (gL) 144.00 (133, 156) 144.00 (13450, 161.00) -0.790  0.429  1.009 0.991~0.999
L1400 / ( x 10°/1) 4.65 (4.24, 5.02) 470 (4.19, 5.20) -1233 0218 1437 0.849~2.432
4/ ( x 10°/L) 6.30 (5.20, 7.70) 7.20 (5.95, 9.02) -2960 0003  1.035 1.035~1.335
/M /7 (x 10°/1L) 221.00 (178, 266) 202.50 (143.25, 251.00) -2.010  0.044  0.994 0.990~0.996
PR AE / (< 10°/1) 414 (322, 544) 4.07 (330, 598) 0346 0729  0.993 0.890~1.108
WREAIAE / ( x 10°/L) 1.51 (1.17, 2.01) 1.42 (1.07, 1.96) -0712 0476  0.879 0.549~1.407
D- 3k / (mg/L) 0.08 (0.05, 0.12) 0.10 (0.06, 0.38) -2577 0010 1913 0.976~3.747
HRPER AN / kR AN 2.60 (1.93, 4.03) 279 (1.88, 4.22) -0.649 0517  1.007 0.911~1.113
T/ /7 R A0 141.18 (108.85, 183.19) 125.80 (96.85, 171.88)  -1.374  0.169  0.997 0.992~1.001
RHZTZE / (wmol/L) 12.75 (9.62, 17.17) 11.85 (9.85, 15.55) -0.782 0434 0979 0.931~1.029
JRZ / (mmol/L.) 5.11 (4.28, 6.05) 482 (4.14, 6.11) -0912 0362  0.906 0.747~1.099
JLEF 7 ( umol/L) 66.80 (57.55, 77.80) 72.50 (58.58, 7.42) -1.190 0234  1.000 0.993~1.007
JRZ | DLET 0.08 (0.06, 0.09) 0.07 (0.06, 0.09) -1430  0.153  0.000  0.000~146.089
T I / (mmol/L ) 6.66 (5.69, 8.36) 642 (557, 742) -1452  0.146  0.894 0.786~1.016
CRP/ (mg/L) 527 (281, 5.94) 5.68 (3.97, 6.03) -1.156 0248  0.986 0.941~1.034
AHIEEE / (mmol/L) 3.84 (3.20, 4.51) 421 (323, 493) -1280  0.201 1.208 0.944~1.545
Hih =Mk / (mmol/L) 1.27 (1.00, 1.67) 1.26 (0.84, 1.87) -0527 0598 1116 0.790~1.577
LDL-C/ ( mmol/L) 242 (1.89, 291) 2.54 (1.87, 3.30) -0901 0368  1.166 0.851~1.599
HCY/ (pmol/L) 19.65 (14.60, 30.20) 19.75 (15.68, 27.80) -0.026 0979 0992 0.972~1.011
RO 1 43
ABERT NHISS $F43 3(1, 4) 5(2,6) -3.288  0.001 1.206 1.095~1.328
SN J5 NHISS $E4> 0(0,0) 5(0, 8) -5129 0001 1379 1.205~1.578
Hi e NHISS $E43 2(1,3) 4(1, 6) -3.398  0.001 1.248 1.127~1.382




2024 4E3 A% 55 %55 3 8 R 173
gx1
oA BUGRAFA (353 61)  BURREAL (S061) iz i Pif HEZE LR
OR 95%Cl
ABEHT mRS T4 0(0,0) 0(0,0) -1261 0207 1372 0.849~2.216
HiBERT mRS 4 0(0, 1) 3(3,3) -10.999  0.001 22740  10.099~51.201
REAS L /41 (%)
L 248 (70.3) 39 (78.0) 1282 0258  1.501 0.740~3.044
BEIR IR 61 (173) 15 (30.0) 4889  0.027  2.093 1.076~4.072
LR 25(7.1) 3(6.0) 0.079 0.778  0.837 0.243~2.882
L P EREh 5(14) 1(20) 0.102 0750 1420 0.163~12.413
JRiAE AT, 73 (20.7) 12 (24.0) 0.131 0717 1211 0.603~2.435
i 1. 19 (5.4) 2(4.0) 0.169 0.681  0.732 0.165~3.244
WEAERZS 5 /) (%)
%2 178 (50.4) 20 (40.0) 1.904 0.168  0.655 0.359~1.198
Kekpizl 52 (14.7) 4(80) 1658  0.198  0.503 0.174~1.458
N2 81(229) 14 (28.0) 0.621 0431 1306 0.671~2.540
B MR Z 84 (23.8) 14 (28.0) 0.421 0517 1245 0.641~2.420
BB 3(08) 1(2.0) — 0431 1230 0.234~6.460
FIZHT ORI/ MR 24 204 (57.4) 28 (56.0) 0.057 0811  0.900 0.500~1.618
LSBT/ MR .2 142 (40.2) 19 (38.0) 0.091 0.764 0911 0.495~1.675
AL (%)
W2 A 93 (26.3) 23 (46.0) 8.253 0.004 2382 1.301~4.359
R 49 (139) 4(80) 1326 0249  0.539 0.186~1.565
PZTIRREAL / B (%) 32(9.2) 8(17.8) 2356  0.125 1911 0.826~4.421
Z. NSt R %3 LR. RF. SVM Fl#&RIFN 2 2
ZHE LR ZAEIHERER, A, 1/ LR ERE AUC {8 R RS
Mo, SRSE U . REE s EEBE R s L B ;1; 3:2(6) 828 ggif gggé
M HIEREZY . A A S AT ARy 3 LA ) SVM 0:851 0:780 1:000 0:990
R AR (P4 <0.05), WL# 2.
%2 SEELRER i i

5 H EASETnii

OR 95%Cl P{H
SEH[ 1.319  1.130~1.540 <0.001
I /N 0.989  0.984~0.995 <0.001
T2 I Il bE 0.787  0.664~0.932  0.006
A st 1.490  1.099~2.020 0.010
U RE YT 19.973 6.239~63.934 <0.001
WEAF Al FH R W 24 0.071  0.015~0.329 <0.001
A AR 2.640 1.328~5.250 0.006

=. FUREESR

LR, RF. SVM i il A5 54 5000 14 28 =2 30 ik
PA] 2 i A AE S8 3 i 22 D B FUIS B AUC 4331 R
0.610, 0.690. 0.780. #fERSE . FrFE . REJE I
#3. K1,

AHIFGE AL LR AR i 1 Y 7 AR AR S T
AR 5, X T P AR S e £ AR,
FERIRI R g ot AR T, BB R, (HK
ZH N AR 5 B AR ETCOE, BB S FRARAL
e ERYE . R, ASCRA LR B0 B
PEAT TN AR 0 T e, B A sh ek b, RiEE
ST RA KR AR LA S

ARBFGE I T O F S W s T 292
B ik P ZE M A AT B 3 90 d A ) fiE iU (1) 15
AR, 2558 WR IR PRI RF ( AUC=0.690 ).
SVM (AUC=0.780 ) 557k #4) 1) HL £5% 2% 2] 155 78 13
MIBE H7 HAE GE AR R PEREAY LR (AUC=0.610) 1)
TR, FWIHLER2E T X B 20k 28 2 3h



y
174 BiE¥ 2024 4E3 A% 55 B 3 W
~10 10 1.0
3 ] 5
208 o038 =08
£ £ g
g b E=
£ 0.6 £06 206
I3 |23 N
2 = 2
< 5] 5]
04 S04 ~0.4
£0.0 T0.0 £0.0
Q@ E [
& 2
0.0 — LogisticRegression (AUC =0.610) 0.0 ——SVC (AUC = 0.780) & 0.0 —— BaggingClassifier (AUC = 0.690)
0.0 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.4 0.6 0.8 1.0

Faise Positive Rate(Positive label: 1)

AN LR, By RF AEHL, C 2l SVM 4

False Positive Rate(Positive label: 1)

0.2
False Positive Rate(Positive label: 1)

B1 3MEFVFZSINFTNERR ROC fiZk

ik P41 25 P i A5 B BB Y R 2 ) BE TS LA AT AT
P, HAEG A A ORI TR AL, WY
WoR, B4R RF, 428 AR E R, C5.0 5 A
SVM., 138 R $2 T . /)N o S ie 4 ik R B8
LR 7 N A5 AR LRI % 955 90 d Gk ifn 14 o 2 Ho
BENMZIRER )G, A —EfEmYE (AUC
0.66~0.71 ) 1##1,

X T 520 BAD BRI ROR A BAR R &R H AT
HICHIPIES, H BAD MM A o 2 AR
Sy sh b, SRS AEDL AR A
P25 S 3 ik A ZE PR B AR AT 5 HLAS 22 ST MR R,
T AL 27 >0 $R B FU B E R 2 D BR TS A AT ST
i, XT BAD S HUIRIBCHE A B X6 i R T
AL TR

ARWFFEAFAE— 2R FRYE: DT BAD AH G MK
LB E Az, HE 255 2 8 BT K
GrEE H R B, ARSCIGERCT B —HL ) 2
PESF S Bl bk 4] JE 1k R A BT R S B 4, AP TE—
()R B . @AHE I R FEATRAR FFR AR I, Af
FE 23t e RLIASE T f e S

g TR, HTRRH AR E SR T 2 AT 4
RIS T B2 HLAS 27> Bl T B 2R 40U % e
FEE G NVt S <5F i 2 2 L Ra e =N ) AL S
=

=

% X B

[1] Saini V, Guada L, Yavagal D R. Global epidemiology of
stroke and access to acute ischemic stroke interventions|[ J ].
Neurology, 2021, 97 (20 Suppl 2) : S6-S16.

Tu W J, Zhao Z, Yin P, et al. Estimated burden of stroke in
China in 2020[ J ] JAMA Netw Open, 2023, 6 (3) : ¢231455.
Ep, Sk, sk, A b ERAC PRI 2020) 4R
2T E RIS, 2022, 19 (2) : 136-144.

Wang L D, Peng B, Zhang H Q, et al.Brief report on stroke

(3]

[4]

[5]

(6]

[7]

(8]

(9]

[10]

[12]

[14]

prevention and treatment in China[ J |. Chin J Cerebrovasc Dis,
2022, 19 (2): 136-144.

Rost N S, Brodtmann A, Pase M P, et al. Post-stroke cognitive
impairment and demential J |. Circ Res, 2022, 130 (8):
1252-1271.

B, FSCH . ARG AR S IO £ G R I R R S H
XTEHE RN [ 1B, 2021, 52 (5): 371-375.
Gong J J, Wang W M. Clinical characteristics of cerebro-cardiac
syndrome and its effect on clinical prognosis of patients with
acute stroke [ J | J New Med, 2021, 52 (5): 371-375.
Luengo-Fernandez R, Violato M, Candio P, et al. Economic
burden of stroke across Europe: a population-based cost analysis
[J ] Eur Stroke J, 2020, 5 (1) : 17-25.

Cieza A, Causey K, Kamenov K, et al. Global estimates of the
need for rehabilitation based on the Global Burden of Disease
study 2019 : a systematic analysis for the Global Burden of
Disease Study 2019[ J |. Lancet Lond Engl, 2020, 396 : 2006-
2017.

GBD 2015 Neurological Disorders Collaborator Group. Global,
regional, and national burden of neurological disorders during
1990-2015 : a systematic analysis for the Global Burden of Disease
Study 2015 [ J 1] Lancet Neurol. 2017, 16 (11 ) : 877-897.

Tu W J, Wang L. D, Special Writing Group of China Stroke
Surveillance Report. China stroke surveillance report 2021 J 1.
Mil Med Res, 2023, 10 (1) : 33.

Takahashi S, Kokudai Y, Kurokawa S, et al. Prognostic
evaluation of branch atheromatous disease in the pons using
carotid artery ultrasonography[ I | J Stroke Cerebrovasc Dis,
2020, 29 (7): 104852.

Deguchi I, Takahashi S. Pathophysiology and optimal treatment
of intracranial branch atheromatous disease[ J . J Atheroscler
Thromb, 2023, 30 (7): 701-709.

Nagasawa J, Suzuki K, Hanashiro S, et al. Association between
middle cerebral artery morphology and branch atheromatous
disease[ ] |. J Med Invest, 2023, 70 (3.4 ) : 411-414.

Senda J, Ito K, Kotake T, et al. Investigation of inpatient
convalescent rehabilitation outcomes in branch atheromatous
disease [ ] |. J Stroke Cerebrovasc Dis, 2023, 32 (3): 106937.

Bonkhoff A K, Grefkes C. Precision medicine in stroke: towards



2024 4E3 45 55 %5 3 8

B

175

[15]

[17]

(18]

personalized outcome predictions using artificial intelligence[ J |
Brain, 2022, 145 (2) : 457-475.

Sheth S A, Giancardo L, Colasurdo M, et al. Machine learning
and acute stroke imaging[ J |. ] Neurointerv Surg, 2023, 15(2):
195-199.

Bao H, Li J, Zhang B, et al. Integrated bioinformatics and
machine-learning screening for immune-related genes in
diagnosing non-alcoholic fatty liver disease with ischemic stroke
and RRS1 pan-cancer analysis|[ J | Front Immunol, 2023, 14 :
1113634.

Sirsat M S, Fermé E, Camara J. Machine learning for brain
stroke: a review [ J | J Stroke Cerebrovasc Dis, 2020, 29 (10 ):
105162.

Campagnini S, Arienti C, Patrini M, et al. Machine learning

methods for functional recovery prediction and prognosis in

post-stroke rehabilitation: a systematic review[ J ]. J Neuroeng
Rehabil, 2022, 19 (1) : 54.
Alaka S A, Menon B K, Brobbey A, et al. Functional outcome
prediction in ischemic stroke: a comparison of machine learning
algorithms and regression models [ J ]. Front Neurol, 2020, 11 :
889.
WRis, Wigte, SR, 55 . FRIKIE AT Ak s ki
FEMAESERTSEMAINER [ ]I BE2Y, 2023, 45 (14) : 2100-
2105.
Chen N, Yang H H, Wu H W, et al. Analysis of influencing
factors for the therapeutic efficacy of intravenous thrombolysis on
acute cerebral infarction caused by perforating artery occlusion and
the prognosis [ J ] Hebei Med J, 2023, 45 (14 ) : 2100-2105.
(ks HBI: 2023-12-03)

(AR SComB: PP )




