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Abstract

Objective: To systematically evaluate the construction, validation, and application effectiveness of
early neurological deterioration prediction models after intravenous thrombolysis in patients with
acute ischemic stroke, providing evidence-based guidance for precise patient care and prognosis
assessment. Methods: A systematic search was conducted in both Chinese and English databases
such as PubMed and China National Knowledge Infrastructure (CNKI). Literature screening, data
extraction, and methodological quality assessment were independently performed by two trained
researchers. Results: A total of 21 studies were included, encompassing 32 prediction models (21
core models), primarily nomogram models constructed using Logistic regression. High-frequency
predictive indicators included baseline National Institutes of Health Stroke Scale (NIHSS) scores
and types of vascular lesions. Most models had an area under the receiver operating characteristic
curve (AUC) = 0.70, indicating good discrimination; only 5 core models underwent external valida-
tion, 12 models did not report calibration, and the risk of bias was unclear in 9 studies. Conclusion:
Existing early neurological deterioration prediction models have formed a preliminary research
framework. Nomogram models are more suitable for clinical care scenarios, but their generaliza-
bility and extrapolation stability still require further validation.
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1. 3]

G 2 o 2 0 I S A 5| R R M B A IR A A O, B R R R B R mBULE LA
ERFR S, SNSRI AL TAERRR[1], St S 4 ik 25 #F (Acute Ischemic Stroke, AIS)J2 f¢ i
DL i 26 2678 kA A2 (Intravenous thrombolysis, IVT) & AIS &I R R T7 75 %8, Wl i v i it
P I M HE VR, Rk Mg 4, B R E ARG, J& AIS B R B B IR T SR
Z—[2] [3]. (EATHH o 88 F AR Ja R AR F 100 22 Th g % 4k (Early neurological deterioration, END), ZAN R
FHOHAMHI GG M FEIR, ESMEMALSG. EKEEAY, DEASEHEREERSEHE4]
[5]. 7r#T AIS FBE MG END MIfERRIZR, i STt ot s 110, 2 FRAR A AN RTIUS KU 5%
6], TMALTYE DASERS R 2O B al, YRS AMAREE &5 R R A R T B, IR R EE S A L3R (R
YRR, B cE BAE UE[7] [8]. MEAW AT AT, EWNAC AL 2 Wi A s B IVT J5 END
TR, (H FLIE PR IE F 15 T AL BeATS 6 17 RGE VAL o Tk, AHIF FE 0T AE SC TN IF & RERVTFAN,
BRI R B4 N 52 7 e 388 e v PR ASE BB L AR IE 55

2. W EHE
2.1, R TR R
AWFFELL T 45 G B Ria R R 770, e 3@ ALK E 2026 4 3, Cochrane Library.

][l
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Web of Science. Embase. PubMed. 1 [EAWISCEREE 5080 B 4B 577 RIPSEEE P Th i) AIS &
VT Ja KA END R FRINASRAR OC SCHR o o SOk 22 9] B4 G 8 i 28 o s e 030 28 2y e S A XU o
W KR Acute Ischemic Stroke/Intravenous Thrombolysis/Early Neurological Deterioration/Risk Pre-
diction.

2.2. XERMHFRHE

2.2.1. MM
(1) WHFEXT G 218 B AIS B (2) WHATNA: M AIS BFFIKIE IS5 END HEAL, (3) #f
FEHRA: BAIIWE LR I HRBIE T (4) A S 5 9 SO L.

2.2.2. HiBRMTE

R AN AR — %A SCER Y 7 DURRR . (1) T3ROS (3) AUk R R #E T 700y R 5e
RPN T (4) BRI SCERERIRSE .
2.3. XHERTHIERTE

AWFTRIE S 2 282 G ERIIAOBIE Fo A, PR A HT IR I G HRE AL SE R, A7 38 47 25
R, WEHE 1 4450 & 2 AT T AL e P A R AR 78 2 BRSNS 28 G AN IO 1 P A
538 HE HE . (Critical Appraisal and Data Extraction for Systematic Reviews of Prediction Modelling Studies,
CHARMS) [9]#l /& #dla e LR, IRIVARCTE: B KEFEM . BHFbIX . wrseicit 228, Bt
FAFE. END PP LR @BERAR ., (AR EHH . B8R AI T, GO AT 5N . H
Jiik BT ARE(AUC, KiETT ) BiiE Bl O T e 545 .
2.4, HRRE T

B 2 A5 BB 703 R FH TS AL 5% O £ XS 538 A 1% PPl T2 B (Prediction Model Risk of Bias
Assessment Tool, PROBAST) [10] [11], X &GN N [ SCHRTT FE A fa XU 4 5 A 3@ FH P VP A

2.4.1. {RERBEFM
MBS TR T 45 R Goit o U SERE BT o & VP 4 R AT 70 S AR 1 a5 XS
PRIy ARG S . XU AN o 3 NS5

2.4.2. i&FA4TFES
AT %, TR 7. 455 3 ANgEEE AT A2 .

3. &R
3.1. WETHERERER

K 2 A S B 22 IL 3R A3 S0k 3110 RS, IR EL A Uk R4y 250 B, SRRk, BRA&GIN 21 RE[12]-
[32], fmdkidiEanlAl 1,

3.2. XEREAFHE

NI 21 F§ R RIHALN 2019~2025 4E, et 2023~2025 4E K % 18 55(85.71%). B 7 it LA [l i i
WFA N T(19 7, 90.48%), Forpsan O [ml i PERN SR C 15 s 2 w0 BB A IR 53 4 53 A HEPERT 58
25, BFFERPOTIEE WS 1. 2900RTIETERNAIB T 1 5.
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VB R RBBAMIHR (n=311): PubMed
(n=48). Embase (n=0). Web of Science (n=180)+
CochraneLibrary (n-26). FEHAM (n=19). +E

AMELSCREAEFE (n=13). 43T E

0=1). JiHABEE (0=249)

A

HIBEL MR (n=61)

A4
R E H AT ERIFE (n=250)

HeBR (n=196): 5EBIEX (n-61),
Zh. SUHES (n=15), ERBIE

< (0=56), WEERAFF (0-9), THEIRI
A (0=2), P (0=16), AR
Y (n=1), RHEHE (n=36)

FBASCE R (n=54)

HeBR (n=33): i (n=6), TIEIRHBEL
< 0=13), 5HAXMEAFF (n=1),
v &R EZARF (n=13)

BAMAER (n=21)

Figure 1. Screening process diagram
B 1 RizE

WA NS IVT 1BITIH AIS B, (U 1 BEZH(>60 ) B [27], FEAREEY 120 #1
[23]~7220 [20], HudhkIasE o B A 2 A ARt #ENEHERDE B, Mg EA — e RE M.

FrA Wt L) END N E L, #01EE TR N NIHSS &3%; 17 Bk END HE R #N IVT J&
24h N, 3IRBCNIERRS 72 h N[16] [27] [28], 1 W A¥HEE 90 RN[26], AN SCHRAZ CRFIE L2 1.

Table 1. Basic characteristics of the included studies (n = 21)

= L MASCEREVEAFHE(n = 21)

NG R ) (4F) X BFREA BFARNR dREX TREE
YiBa[12] 2025 BA A ® X a
Gong Pengyu [13] 2019 M A-B ® X a
Li, J [14] 2025 A B-111 ® X a
Li, N [15] 2024 TRE C-l ® X a
Lyu [16] 2023 FEL C-l ® X b
Tian Tian [17] 2023 BRI C-l ® X a
Wei, L [18] 2025 i C-ll (@) X a
Lai Wei [19] 2025 i C-ll ® X a
Rui Wen [20] 2024 TRBH c-l (@) X a
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Zhuang Zhu [21] 2023 I C-l ® X a
Xiao-Guang Zhang [22] 2025 i C-l ® X a
Mr[23] 2021 JEAHR C-l © X a
BRA[24] 2023 R5E C-l © X a

X8 5 [25] 2024 K& C-l @ X a

i MRAR[26] 2023 Il 7 c-l ©) X c
IR IE[27] 2024 a7 FH C-l @ X a
A H4[28] 2025 k] C-l @ X b
TR [29] 2024 R c-l @ X a
X#52R[30] 2025 weft. il C-i @ X a
IRAFARL31] 2021 2R C-l @ X a
ZH[32] 2022 7 C-l @ X b

e A EMEHTTT: A-B: BUBETERLSMENTTE; B-I: 2 OaTiEYERASIBETT; C-1: B Bl Bk BABIB 7T 5 C-11:

XL LSBT FT; C-I: 2L BEERASIBEIT; a: §FKIE )G 24 /NS N AZE R I DhRe AL b
KR e 72 /N R A R R DR o IRIKIE RS T2 NI R AR 2 ThRe Al x: SREESLTE
AT AT ER: O A 4.5 N AR HERE rt-PA B EKIE AR 1 SR SR AR A o e B @ A
LTV Tl S 0 R IV AR 9T AR SR SR A A A o R

3.3. FANREIRERFR

PN IEREE 21 MO TR, St e T 2 B0EATA TR, SRIPgINEAY 32 1. fiik
RN 3 M[29]~45 N[15] [30], ZEEEHTE 15~45 4, Whims N 5L TR, LR =mE . M5
FRAL BRIV RITAHRIRNR 5 KK, LA BT NG Z-score ArdEAL[12]. IEA/AEIERS AR
IR S5 A ARG E6[13] [16]. B H[15]. WP EEEH[21]. BRI HF 7045 & PR 37 75 F % (Restricted Cubic
Spline, RCS)AEZE % 43 #1[18] [19]4H P AH 2% & #i(Intraclass Correlation Coefficient, ICC)RFAETfii%E[14]. BEX
75 %2 B 4fi#M(Multivariate Imputation by Chained Equations, MICE) [20]. /%t 5t Jc S 25 B4 [ 25] 5 AR 3
A i B A B 5 30[13] [16] .

TR S A GGt F TR SR S B ARG Logistic [RIH ARG, I RIZ N ER
Logistic [21J9[23] [27] [31]. & & [a]J7(Least Absolute Shrinkage and Selection Operator, LASSO)Hk & Logistic
BUH[28], 2 5HE& KL G TR [18] [26]. HLEs% I BIEM N A 2IGKEH, 1 Ffags®
BEE PSR, BEALARA . XGBoost % 6 FhEik[12], #4rH 7R Logistic [F1J9454 KNN. SVM,
BENLARARZE LA 22 2 WAL [16], BB W FLIE ] XGBoost [14]. MRS 2258 YA [ 22 Sk L85 2% 3] i A
[20], ARG FRHETRERC S Logistic [ BITR G @A 1E[22], Ea B FIL 456 WAL fa s K 2 2 4
[19]. HFAE H ZE% 2 AT [20 )42 FH B A AL s i B 4

3.4. FMAREERE

FTAa I 8 R FH 32 30 T AR AE 28 i 7 (Area Under the Curve, AUC)YFAIX 43, AUC i il N
0.689 [21]~1.0 [14], i 20 MEA AUC > 0.8; HARBEAY N Li, J & [14]2E T XGBoost FIEM H AIAAL,
28 AUC 14 1.0, HMESHIESE AUC T 0.92, B 20K 5 HL 887 SIS R (1) BEAR X 73 FE IR T 5 — FRAn s Y
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RAEFE DT 1T, A 9 Fe SCHRK K], Hosmer-Lemeshow e, Brier ¥4 5577 iR 3 b & A0 L

R AL IGIE LA SRS UE A, BRI 7039 56 O S0, ik B dEREALR 20 S0 iE[12] [15] [16]. EHBY
% (Bootstrap) H R A [12] [25]+ Kk #7538 XERAIE[12] [30], 1Y 5 Tiff 57(23.81%) I R AMBEAE . A NFE Y% 0
FHIES RRE W 2.

Table 2. Basic characteristics of the predictive model (n = 21)

= 2. TNRBMEARE R (N =21)

PN WO AR T 1 FRL Rt AUC BAIF KA o T T
. Logistic [2]14. A FEZE NIHSS P4 Fwg. mlilE
YiBa[12] XGBoOst 25 4 Hi1: 0.966 A R IE P, STUE [
G0”9[1"3‘3]”93’“ Logistic 1715112k [&] 0.789 P R o WIHR A B bR
. . o BEZENIHSS $F57. TOAST 732,
Ligpa  XGBoost il 0.988 b+ U R IR P
fey i HMERIGAIE AN
20 - E
. - A AR, BMIL Y. RIS
Li, N [15] Logistic [A])4 0.880 PN R 38R T
LR. KNN. SVM. A FHEZE NIHSS PFor Ui s, e
Lyu [16] RF 0.929 WSS g bl b I
Tian Tian - R + MOZBN SRk A - AREgNBE . Ty
[17] Logistic )4 0.981 GUOMBIAE  fUMIEREL BMI. 0B
, N FZ NIHSS ¥4 ABi 2 H 20
Wei, L [18]  Logistic [[l )95 £k & 0.740 s " @‘%M /. ASPECTS 14 Willis Zhfik
HIAMERISAIE iy
SR
FEZE NIHSS P55 AR 2 F 251
Lai Wei [19]  Logistic [=])471 £k & 0.849 A R IGHIE &, ASPECTS ¥4, M4f. TyG
i
Rui Wen [20] LASSO. MLP. RF 0.829 S + JSZBN 3EER NIHSS ¥4y K% ZE F 240
L2 ' FI ARG AR Ml AR P MR TT
Zh“?gf]z"“ Logistic %ﬂﬂ%ﬁ*ﬁ 0.718 1 BT L2 NIHSS 45+ NT-proBNP
Zhang XG Logistic [5]J9%1 2k & 0.950 WO AR M. FZ NIHSS F
[22] + AR ' R S PR AR - 94 E 4
- ) RS WIS FEZE NIHSS 3T
i ¢ . e " ¥
MR [23] Logistic [#1J9 %12k 0.912 P ER SR IR Ir KTERUEAL. NLR $525
Logistic [ T8 A N DRAGON 1F45 . HH R0 40 A 5 ik
FR4[24] 7l 0.787 P R IE L L
FeZk NIHSS P9 BEAIm L0
BB [25] Logistic [H 19512k 0.928 P R IGHIE H. AL EEA . NLR.
PNI $6%
. - . W+ JSZPN CRMEA ANFRILZEE. EET
=IMRFR[26]  Logistic [1] 1931 £k 0.963 ST NIHSS ¥4
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o Logistic [#] 5545 A JEE A a(LPa). AEHA.
HAME27] 7l 0.990 A R 5 IE STNERL. NCAM
. LASSO + Logistic [f] s FE2 NIHSS PFo) KT RN
FEHELE] I 0012 PR S LRI, HHIE PLR
- s fE#S. LDL-C. Lp-PLA2. LJ5HE
F A [29] Logistic =14 0.922 A R IGHIE gE. B E R
- — R 5 $178 X .
i3 Z% W 4T %
X182 30] Logistic %Uﬂﬂ/}ﬂ%% 0.940 T+ SR ESCRIRN Aﬁﬁiﬁﬂ%&é& KB K
AT X i a
K Bl ik e 5 FEAE A T I
%57 31]  Logistic [A]J%51) 2k & 0.872 REiEsans i Bafeir g, W R, D-—
Rk
- _— N FHEZE NIHSS PF45. M. BMIL
. Logistic [#1 )3 7 5 PR+ B el e
2 H[32] il 0.930 e HafaTrE. fEEE av HERIML

GG

A BOOTRIE T, 2k NIHSS PP AATE SR FIAZ.OF8 4R, S aii R e O AN2E55Eak
PR R OB BB, SRR @ SIS EAR: pE . PRI - AR L E (NLR) . I/ MR AR SRR

® BT EWTE: FOWBIEANTE . ANBERAZRE; @ gEeEE: WEREIMERE; © RFESEHRER: C
SNEE. iR E FR 35 $ (Prognostic Nutritional Index, PNI).

3.5. XEHIREEN

3.5.1. {miGRBERITEM

KH PROBAST T EVHM IR, ZINSCERIG = fay RS AIF 9T, 12 e e i e IRURS A IRV, 9 i
NG AR FAE 4 ANGEEEIIRFA IS, AyHRbR A . TR I e brdEf . S5 RAE R &
T PTRAERNE; R A ATE R, 8 MR I e ifs . FisbsEiRkE A 785, 1 55[31]
DRI 90 % S A RE 7 725 G HE R IR T A 42

3.5.2. BERAMITM

MR S R RN, NI T i RS, AR S IR S R A R . I R A
PRERLIVT J697 I AIS B3, TR T 22 9 8 T4 o n] (F BE SRR FFa bR, 453 LU PR EN
I NIHSS SR A, ) 5E B IR 37 205 Vi o 3000 1 0 ) BT T, 2L & e PR I P 2 FH etk o 4
N SCHR i 25 SRR 5388 FH 1 VA 465 S 0L 32 3.

Table 3. Results of risk of bias and applicability evaluation of the included studies (n = 21)

& 3. ANSCEREY R BT RS FDE A AN (n = 21)

PN XU i e & EiEZUN
5 TR P B TH ot i fa -
JX I E A RF O g OAE
YiBa[12] + + + - - - + -
Gong Pengyu [13] + ? + ? ? ? ? ?
Li, J [14] + + + - - - + -
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Bk
Li, N [15] + + + + - - - + -
Lyu [16] + ? + + ? ? ? ? ?
Tian, T [17] + ? + + ? ? 2 ? ?
Wei, L [18] + ? + + ? ? ? ? ?
Lai Wei [19] + ? + + ? ? ? ? ?
Rui Wen [20] + + + + - - - + _
Zhuang Zhu [21] + ? + + ? ? ? ? ?
Zhang XG [22] + + + + - - - + —
R [23] + ? + + ? 2 2 2 ?
Fe41[24] + + + + - - - + -
XS B [25] + + + + - - - + -
AR [26] + + + + - - - + -
IR E[27] + + + + - - - + -
ZEE 28] + + + + - - - + -
FHE[29] + + + + - - - + -
X7 [30] + + + + - - - + -
FRsFAL[31] ? + + + ? ? ? ? ?
ZEWEE[32] + + + + - - - + -
e A RS ST R B T 2R, Gt 4 MERS: ERPES TS R, B 7. 4505 3 N “+7
FoRMRMES;  “=7 FoRm R 27 RORMRRISE e KU AR VAN E
4. g

4.1 FURHREIE BE Sim PR B A HE

ABEFAINR) 32 /> END T2y, #4& AUC 24 0.689~1.0, # 20 MEEAL AUC > 0.8, F2nIilf il
RURLAKIX A3 B R, HLAARCHRA END KUK RAIGE /7. (BAX 9 TR 7R TS 7 REHERE BGIESE 3, 8 Hut 7t
KPPk A B TROMNE 5 SEBR 45 Joy 1) — B0, 5 s (A B Py S TR0 A P, I A2 24 iy 000 A 2R AP 7 g
PR, $2ARJ57% b, Logistic [RIASE A B4k BRI AL (5 L s, %R nT AR B s 4B, G
T A o, S TC I RPN DR U VT A% () TR 3% 57 [33] [34] s AL 2% I A5 A B Tl AL e BE AL,
BAFAERAE R 2% . 25 AR 2246 0 R, PR T CAE R 24P B e ) o TR 7, 28 NIHSS
VRO NI A BIL N TR bR, FES . RS, AW BRI . NLR S i 7, S5 hiEe s
FAAS R &5 5 10 AR R R AFAESLME[35], B A AR B 2 s M P A 1) S SR 46 5 35

4.2. R S3E A el R

PROBAST P45 SR 7, AN A FETE i e PR SR, S 1AM 78 CLA ST AV, (BT A7 E
BFEITTEARM . WHRBH R, 8 90% 4 [ R 7T, X 2 WONRTHETEWT T, (8l B aT 7T 5 52 8 sk
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K R A, ATIEVEDT AR T HRARE R SRS AME[36]. X 5 BUNZ O AL,
BB FREARRE MG IR, 5 PRI s I S LRI HE M [37]. T IR 4R 5 2 T, 9 T LAk
FEANREAR R I AR s hRite, T E FR v AL R B B PR AL A, R AN 2 B PSS AL 11
Il R %46 [38] -

T& 7 T, AN AT B A 5 PR AP B R SR B B o WE SR AR AN R E R WA ) IVT i3
TN R F 22 4 B AR b mp i FUSREC 48 bR, 45)m 0 TR NIHSS SR BN S B4R, H5E i 1]
TR VAR R DU A DT L, LA e R TA L SR A 2

4.3. {EBWIFIR SIPE SRR AT 2

T T I S ) ) R A EE TR 2R AR A, X 23.81% A FLTT S T AMHIRIE « ZM I I0IE & PPl A5 2
EE PR Ehnit, ARSMBIIER SR IA BRI 2 UG R @ Py, LU 2 5 5 4 [ Y B R PR 7
PRSERR, SR RE R B LA BT B I A e LS R 42, HLK AR rho g BSOS AR AL 2 D I FE B HL A
AR AR 4, BRA T AMERIRIE AT o 73— DRSO AL 5 9P B SCER IO T AN 2 - B AL B AT R 3 END
o DS B, AEL RS W v AR RS R0 S R4 BRI AR . o LR bR . A T T, R 1 59
T HIGRSE N E. Sehh, BT 2 b TR )5 72 h NI END,  B5 R B0 s VTR,
Bk =0t B I TUE (T, ik e K P B B 5 T R E R

4.4. BEMRMUBEESRKAREE

FEV RS RS 00 TR, R IVT RS END i fe ARE SR T 5 B 1) 008 SO R . A
FEMAN IR, Be BT B R A BT BHUREC ., sk e AR M (H 53 AR 21,
2 T v e DU 5 SR UEAS AR PR, ST B A HERE ELIRAR S IR IR, R E 252 v A 2Rt 7T
FEPEOCHE TN N T SR E S BRI

BT ARRAGMAZ ORI, JaSE U] NI T e — R T seit, HEREATIETE 2 Aok
FEARAS, ey i g 5 ARG, 24— NE, ™K TRIPOD A #I[39], K EPr TR
FETHERY AT SENE[40], SIEFRAEALTS B IR A B 52 H [41] [42]. =R B ERIEKR R, SERFED WERIIES
THIE R AMBIGAE, PR SImAR) FZ e AL “TFR - B0l - #5 - PFAG 7 ShaS IAI3R[43], SeBl
PR RREIAAC DR IR R AUFT AR, ST ANLES S S T R AR ARV R, s & MAS 5H BT e END
LI Meta 43 #7[44]: BUMMEZBEARA, TR AP, BUBERE R W . 26T N L RREHL 2 )
T3 S R TR 5 A o N3 AR 7 RVE[45], RH] PROBAST FRfilfifar, i SCskt Fmt Il AR €
Pho MRS EIMAR R, HZKFT NIHSS LRSI R PR & TR, @) 0B E R A AR TR
B PR AR S TR R, I ORREL S, B 2T . IREILIRIREAL, TTRZ T
OIIE, NSRERIET I, RS RBUEIE, HESIRHIT IR R XA e .

45. AR ERY:

KRGV AFAECL TR S—, NGNSk, o] BBAETE ST it 78 5 HABE & SCikiste, 17
B S W5 R R MK 52, SABRRRERR, BEER S, fAREEREE, UT
EME RGN, RIFRER Meta 7087, TTRESSMSSIRINLEE N =, RRGIEE WA Il R 1%
FR 2 (U e 5 i 2823 # (Decision Curve Analysis, DCA)), G734 T AR AR 7 £E I R 37 31wk 58 A (1) S P AN 8 o
5. &g

AHEFEHNE) 21 4> AIS F ki ke 5 END PN R BEAA X 73 B RLGF, T b 22 Dl AR e 0 S 00 7t
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H, SlaKSEbs TS SRREG, B&ImRSERZEA ATV AN S AL, Wnla ot
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