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Abstract

Objectives: Diffusion-weighted imaging (DWI) is a cornerstone in the diagnosis of acute ischemic

stroke. However, a subset of patients demonstrates DWI negativity following intravenous thrombo-

lysis (IVT). Whether this phenomenon represents the absence of cerebral infarction, successful vas-

cular recanalization, or the limited sensitivity of imaging remains controversial. This study aimed

to investigate the clinical characteristics, predictors, and implications for secondary prevention of
DWI negativity in acute ischemic stroke patients after IVT. Methods: In this retrospective study, we
analyzed clinical data from patients thrombolyzed for acute ischemic stroke at the Stroke Center of
The First Affiliated Hospital of Chongqing Medical University (January 2017~June 2023). Patients were
stratified by one-week post-procedural MRI findings into DWI-positive and DWI-negative cohorts.

Predictors were evaluated using univariate analysis, binary Logistic regression, and machine learn-

ing algorithms. DWI-negative patients underwent telephone follow-up for medication adherence,

stroke recurrence, and mortality; recurrence risk factors were assessed with a Fine-Gray competing
risk model. Results: Among patients thrombolyzed for acute ischemic stroke, 22.74% were DWI-neg-

ative. Positive predictors of DWI lesions (p < 0.05, OR > 1) included longer onset to needle time (ONT)

and onset to first MRI time (OMT), higher NIHSS score at one week (NIHSS-1w), hyperlipidemia, and

atrial fibrillation, while prior stroke recurrence and platelet count were negative predictors. TOAST

classification significantly affected DWI outcomes (p = 0.01). Machine learning models ranked atrial

fibrillation and hyperlipidemia as the top predictors. The follow-up results showed that patients with

negative DWI had a high risk of recurrence in the short term, with a recurrence rate of 6.35% within

six months. The TOAST classification might be related to the risk of recurrence. Conclusions: Clinically,
DWI negativity must be interpreted with caution, as it does not rule out an acute ischemic event. It is

linked to minor stroke severity, early MRI examination, early thrombolytic therapy, and the absence

of hyperlipidemia or atrial fibrillation conditions that themselves promote DWI-positivity. Patients

with atrial fibrillation and hyperlipidemia are more likely to have positive DWI manifestations. Im-

portantly, DWI-negative status carries a high short-term recurrence risk, underscoring the impera-

tive to maintain secondary prevention regardless of the initial imaging phenotype.
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Figure 1. Flowchart of the study population selection
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Table 1. Demographic and clinical characteristics of the study participants

% 1. iRE5FHAQZERIGKFFHE

DWI B (n = 214) DWI [ (n = 65) pfi
N 2 AE
5, 5, n (%) 138 (64.5%) 34 (52.3%) 0.077
E, % 68.00 (61.00~75.25) 66.00 (59.50~75.50) 0.540
HIAK

ODT, 4 120.00 (60.00~180.00) 85.00 (60.00~135.00) 0.001
DNT, 4% 42.00 (31.75~53.00) 35.00 (28.00~45.00) 0.003
ONT, 4 166.00 (122.50~229.00) 128.00 (90.50~189.00) <0.001
OMT, /NS 110.50 (81.33~153.20) 89.34 (48.25~123.50) <0.001
OHDT, kK 13.00 (10.00~16.25) 8.00 (6.50~12.00) <0.001

I A NIHSS 4>
NIHSS-iPT 4.00 (2.00~8.00) 1.00 (1.00~3.00) <0.001
NIHSS-24hPT 3.00 (1.00~7.00) 1.00 (0.00~1.50) <0.001
NIHSS-1w 2.00 (1.00~6.00) 0.00 (0.00~1.00) <0.001
NIHSS-HD 2.00 (0.00~4.25) 0.00 (0.00~1.00) <0.001
NIHSS-d (0-24h) PT 0.00 (0.00~2.00) 1.00 (0.00~2.00) 0.134

WE, A, n(%)
5 I S 9 52 147 (68.7%) 47 (72.3%) 0.579
PRI 55 B2 82 (38.3%) 18 (27.7%) 0.118
i sk 66 (30.8%) 18 (27.7%) 0.628
DGR 95 (44.4%) 24 (36.9%) 0.286
51 B HILAE 7 52 99 (46.3%) 15 (23.1%) 0.001
L 1 R AL R A 1 (0.5%) 2 (3.1%) 0.271
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BORAF: i AR B 19 (8.9%) 12 (18.5%) 0.031
568 o9 52 31 (14.5%) 7 (10.8%) 0.444
55 BN 55 (25.7%) 1 (1.5%) <0.001

TR R
B C RNEH, mg/L 2.23 (0.97~4.54) 1.47 (0.91~1.88) 0.002
MaEA, gL 138.00 (127.00~149.25)  134.00 (128.00~146.00) 0.355
M/MREL, x10%7L 184.00 (145.50~225.25)  208.00 (173.50~248.50) 0.004
D =&k, mg/L 1.48 (0.67~3.96) 0.94 (0.47~1.98) 0.009
SEFEEE, mmol/L 4.52£1.09 4.42+1.10 0.491
R EAREH, mmol/L 2.90 +£0.95 2.67 +0.89 0.089
PELIMAEA, % 6.00 (5.70~6.90) 5.90 (5.60~6.30) 0.079
JRIZ, umol/L 336.82 + 88.35 321.25 £ 108.47 0.240
TOAST %%, n (%) <0.001

KBk ok A A 7
Nk P 2
YRR
F A P Y
ANE R R

85 (39.7%)
56 (26.2%)
57 (26.6%)
2 (0.9%)
14 (6.5%)

11 (16.9%)
44 (67.7%)
3 (4.6%)
1 (1.5%)
6 (9.2%)

4in%iE: ODT, K EFIFHS[Al; DNT, PP ZEAEEE; ONT, KHZEEMEE; OMT, KA H X MRI B [;
OHDT, &% % HiBih a]; NIHSS-iPT, %42 )5 Bl %] NIHSS 1'F4; NIHSS-24hPT, #5125 24 /i) NIHSS F43; NIHSS-
Iw, {EBEE8 1 4 NIHSS 1£4r; NIHSS-HD, Bl NIHSS $#¥43; NIHSS-d(0-24h) PT, ¥4 /5 24 /Ny NIHSS 145

ARAAE

Table 2. Association between clinical manifestations and DWI lesions

%2, ImKRERINE DWI RS IR < 1

OR (95% CI) pfa

I AR NIHSS 1753
NIHSS-1w 1.322 (1.115, 1.568) 0.001

FHIR K
OMT, /NEf 1.009 (1.001, 1.016) 0.020
ONT, 74 1.008 (1.002, 1.013) 0.004
SG = R A
M/MRE, x10%/L 0.993 (0.987, 0.999) 0.016
I 5
e g ML 9 S 4.323(1.955, 9.561) <0.001
REAT: Ao A SE 5 0.296 (0.094, 0.928) 0.037
O A Bl s 35.940 (1.960, 659.062) 0.016
TOAST 43! 0.011
/NENK A ZE R vs KB KHE FEAE (k2 1.958 (0.495, 7.746) 0.338
OYEME vs KEN KRR LT 0.405 (0.113, 1.456) 0.166
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FoAb i R AL vs KB kA FEAE G2 0.684 (0.064, 7.330) 0.753
AR R AL vs KBk R AR A2 0.510 (0.022, 11.956) 0.676

YEMETE: CI, BISIX[8]); OR, Ui bl HARYEMKIE WK 1. 7F: OR KH 95% CI R¥FT 7t Logistic 73#7; 5t TOAST
SR, DLRBIKSR AR R (LAA) TR E A S IR .
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(I ) O R T, AR S 24 /NS P NIHSS ZE B, ARFRIE I SRR i 838 i 1 Ik Sk, DWI B
PERTTREME R . TR IR A M BT 05 5 () ER B ) DWIT 45 o ml e R BN BA P, (L B4 AR A PE 9 s 1)
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Figure 2. Machine learning-based prediction of DWI-positive findings in thrombolysis-treated stroke patients

B 2. ETHEEZF I NEZREATHZEHEE DWI RtERN

Table 3. Importance and effects of clinical features based on SHAP values

= 3. BT SHAP EMIGRFFHEN EZ M KR T

I PRAFAE FHa%) SHAP H 4%t SHAP {EIbriEZ  “F1Y SHAP 1  #% KX SHAP {8  #%/)» SHAP &

Lo B Sl 0.765

o Hig IR 975 50 0.472
OMT, /P 0.454
ONT, Zr# 0.381
NIHSS-d(0-24 h) PT 0.241
BRI A E 5 B2 0.193

0.576
0.127
0.489
0.303
0.291
0.258

0.065
0.057
0.053
0.043
—0.090
—-0.014

1.815
0.618
3.005
1.296
0.698
0.101

—0.454
—0.363
—0.981
—0.908
—1.669
—0.907

e ImARSFIEZ P EI4a 0, SHAP BT, B RS RR A R T
75 1], IEABRE IO HE ] BE A S50 (FF-AE DWIIRAR), SRR T HE 1] [ 142531 -

33. £ESH

IR INREE . P SHAP {8 I s WX — R

AR, FATHAGRE YN K, DWI FAPEREZE 88 25N, e BT 69.6% 8%
LR AR 2, (EABA TR AE B R R EIE 6.35% (4/63). HIEEJR4E, 9.4%MEEIERZS ) DWI AT B# =
RIGFEZE, (A E1FZi1 DWI BIPEEE 0 NERMFESE. #uk 2023 45 11 H, A BATIEZE) DWI
MR FEBEEMNRE R XTFER RIS NEER, DWI B i 58 235 25 i A2 K 1) £ 6 D8] 25T MR L g 2
FRERE « CNURESE, 013 R IET AR NS S, BATE— P 583 T Fine-Gray 5o 5+ AU %Y,
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IR 2R IR T RANKAEREA AL, /NSl ik P 2 AL ACo Y5 PR I R ZE T 26 v 52 R AR (R i A G v 2 EA
BF(p > 0.05). HIT 8RB ThAAEAE A R BRIAS B J R R I RE B, 3 B0 4 XU A 20 v e 25 8
B E R RATLE, fETHE T RA(AE 4). FHEEIAHT T DWI FITERAEE R E B, Gt
F LR R BB, Ui R EARRE VI (] M RTHEVERT Fe itk — B Bl B S5 2R, FRIRTT
DWI [AtE B H AP R R fER .

Table 4. Factors associated with recurrence risk in the competing risk Fine-Gray model

F 4. TFENK Fine-Gray BREP 58 L RNEHEXHEZ

ESEN HR (95% CI) p 1
N FZEFAE
R 1.01 (0.14, 7.40) 0.63
HERCE M vs Zot) 1.43 (0.09, 23.56) 0.61
TOAST 4%
INENK A E R vs K Bh KBS RE AT {1 7Y 0.49 (0.19, 1.29) 0.33
OYEME vs KENBK AR LT 2.08 (0.04, 122.66) 0.38

FARRT R B vs K ik o Ao A 10 20 - -
AN R B vs K3 ik o A5 s 1 - -

Zingi%: ClL, BEASIX[A: HR, WArAaRKH. : KA Fine-Gray &4+ WU ARAL, N4 dE A48 b Ji K B 8O AL T2AE 5%
e Sz o " PRI R WSS )R] B F X S 2 AR RO SIE), R4 SOE Al SUE HIAGTHE -

34. FESH

Table 5. Results of Spearman correlation analysis

< 5. Spearman fHX M LER

| 4(n = 65) 2 4(n=110) 3 4l(n = 104)
i

rfE pfE r 8 p1E r 8 pfE

OMT vs ODT - - -0.059 0.542 - -

OMT vs DNT - - 0.175 0.067 - -

OMT vs ONT - - -0.014 0.882 - -

OMT vs OHDT - - 0.043 0.658 -

NIHSS-1w vs NIHSS-iPT 0.721 <0.001 0.599 <0.001 0.66 <0.001
NIHSS-1w vs NIHSS-24h PT 0.91 <0.001 0.839 <0.001 0.866 <0.001
NIHSS-1w vs NIHSS-d(0-24h) PT —0.143 0.256 —0.271 0.004 —0.177 0.072
NIHSS-1w vs NIHSS-HD 0.915 <0.001 0.951 <0.001 0.942 <0.001

BT REILR 751 DWI IR TR R BU(ADC)S 5 75 i il 500 kb R R ik FE R AR [11] [12], ARAE R
F 583 MRIIN A G, AV SVEREEFE R N =AN . 1 B AR 2R 72 /NSA), 2 4
R BPERACR I 3~5 KIN), 3 NS HICRIEIEIE 5 K). RE, AR ¢ 856, RI7H %A Mann-
Whitney U 236 7775, 7E R4.5.2 X418 o ik 47 2018 22 S5 0, nTRURBLZE 1 40 OHDT. NIHSS-
iPT. NIHSS-24h PT. NIHSS-1w. NIHSS-HD. ¥E{LIMALEE . Hl PRI s W AR R 5%, 162
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414 ODT. DNT. OMT. ONT. OHDT. NIHSS-iPT. NIHSS-24h PT. NIHSS-d(0-24h) PT. NIHSS-1w.
NIHSS-HD. ## C RN E . @l L. B IER s s Esh i f gt 2R, 163 AN
OMT. NIHSS-24h PT. NIHSS-1w. NIHSS-HD. [fi/MiEE . WL @l MR A B & Rt ¥ 2 7.
HER Iy Z G R HAMEAR D, AR RN S5 Ak, FRAT TR A YA NIHSS 172 F12E 2
H I ALK FEAT Spearman AHIPE S HT(WLZE 5). HEBR S NIHSS-1w AHIE LA NIHSS WardsE)s, #
Him 2R EN B BN I Logistic BIH3HT, H&ZA&KIME 1 A OHDT (OR = 1.382, 95% CI:
1.149~1.765, p = 0.003)s& DWI FILA UM K 25, 55 2 4H N NIHSS-1w (OR =4.061, 95% CI: 0.578~2.617,
p =0.006). = ARIMLIERR S (OR = 12.664, 95% CI: 0.821~4.755, p = 0.009)+& DWI £ I TRM K &K, 253 41
P OMT (OR = 1.02, 95% CI: 1.003~1.042, p = 0.039) A1 il /M £ #:(OR = 0.987, 95% CI: 0.977~0.996, p = 0.006)
s DWI I IR 2 . DWI I F50 5 22 B2 MR o 25 ] 8] % AN [5]T0 R AR 028

4. ¥Wig

T LR R UM BRGNS A A B0 () BB 2 W T, B — 54 B Ik 26 b B B e A% % B3R
9 DWI . A8 5T H (0 FIE 0 DWI 3 E AR ZE 2 W A, 12 A TH DWI B 14 s i 5
SRALARL, HAEEA B TRS B2 I DWI BIPERGBESE I gk D i A AL I 2 . 12, RNy DWI B 1 s A 5t
PTG PR T RE . CEARBEFTH,  TRATTE T S0 AT FR KA AR J5 112 1 2 Pk S I 4 v B8 (1) AR 7 IR AR
RIGRRFE, R I 2 Fh DA 28 22 s me) BB Sk LR 1 sAR R I, A& AR 1 I NIHSS 3¥43. TOAST
53-8, OMT. ONT. [/Misoe . REARMGRESEN S 52 o0 s B ah Al e I HLE & FFE (R 2).

AN T BEAE 22 B R BIT A 2 AR 72, ASHIF 72 i BV i N HEI R FEAR 70 b, BRAT TR B DWI ]
PRI LLEIIE 22.74%, fEIEIR EFRES R KEM . ABFFiH, DWIFHEMPAEAAEFE . i B
Qi ES, XS5EEAM TS RARFE[13] [14], P4LLE NIHSS iP5 FEAEEZ 5%, — 93 Logistic 4
Mrif RN 2 5, BATRIUERE 1 F B F NIHSS W45 5558 (p=0.001), H DWI BA 4 I i 5E & 3 75
4 AN TA]T A5 BB NIHSS &2/NT DWI BHPERR R, 0T LA 7> DWI B i 158 4 i 3 B ks A e 97
JE G DI RESRAVAERI R, B | AR IKE L, R RA T, X 5T pt s gi e —(15]. (HRA
[EJ7E “NIHSS-d(0-24h) PT” LRSI ¥ER, —EfEE IR b A MIERIRTT 3R L —F.
TOAST - RAE B ALt B B it 2 (p = 0.011), DWI AL LL/Nh ik P 2 B 25 00 R 32(67.7%)
DWI BHH2H LK Z) Bk SR R AL B 25 R . (39.7%),  BATTIA /N R BB AT g tH I A2 J5 DWI [ 3R I,
X SRR TS AR FI[16], XA g5 /N R AL VAL J5 B 5 56 4 FEIE , H 2 DK I8 A8 Vi A )5 350 2 1 08
o ERFRATTHAN 0 e L AA G A5 BT (955 (R 2 50 5 DWI RILAIS2M, XAl S5 DWI B 4LRE A 2l /)
Ko PLH BFE kA AE s A b 1) B LN G b R W R G 1 27 22 5t (p < 0.05), OMT. ONT fE A # IR I
NEERAgGIM R, BE LR P REAS T EESR, AT+ DWI B A 3 5 e ik
MRI 350 [](89.33 + 49.65/h)iz it ik DWI 7 F1I 1R A Ak 1) J3 BRESF[RI[ 177, &0 B4R B R AR 2
NI AT, BRATAGELL DWI 5 F1LE S i 58 Hh s Hh B [8) & 4 2 W DWI B PRI BB 1K) 225 F8 45
AN DWI F3 45 9 B 14 04 )5 R B ks A va 7 3 e T DWI F4,  BRPROE SR RB M i iy X o BRAE:
WU SRR AR ER 5., ONT iR, il X 455 K% B FE#EVE , DWI B2 0] BE HH &S 5 i e R IS 5[ 18] [19].
Fiab, BATHIRE TR BLAR B R BE AR 52 B A JRRE 6T DWI SR RIVE TN E, BICEES). =
MAEN 5 BEAE RN REZE T SeAE PR AL A A G v 22 5, oo s Bl 1) P A7 1B 53¢ 3 (OR = 35.94, 95% CL:
1.96, 659.06)F Hig/x DWI FHPER AR R m, X 5EEE S A L5 e AR [9], XA RER A s BishH
PR O YR A FE R XAE T, T 1bk 218 1Y P SR A0 A A3 S R T AR R 7™ B BE BB [20], (H ik &G 550 5 Bzh 1
P B KR 3 AN — s e D IR B R B . s BRI R 1 LA X TE)(95% CDRK B8, IX TR AT REJE T DWI B4
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s R AL FRARAK (n = 1)——Z IR 57 5508 e o o R IX R W AT REAZAESIRAH SC M, (ELDA R L 12 T b
fRBEZ S A A . HR, IR IILE B 5 kA DWI B2 41 (OR = 4.32, 95% CI: 1.96, 9.56), " fit 5%
JIg L5 B 25 5 R ARG I . ORI RR AR A0 A 5 [21]. 2 TEARI 70 0o, i i IR 25 5 51 R i ik I 8 9%
SN, I L 5477, U AR AT RS, kb o i S MR E VA [22] 0 BRAR I R 70 S i IR I A2 %2
RAMERRESE . KARFUZE I fa b R 25 [ 23] [24] 0 BRI w5 A MU A8 5 A A AP AE BEANARE - B R AAf 1)
SR FEREALBE B [25] [26], B R BE (0 Mo /S 2 56, 417 B kA M i Je oy o L. S PR L PRAIG, SR
LR DWI 74 ERRVERI k. B fm, A BRI A0 S 0 B8 5 Pk 2 b B AT e & DWI Bt &ed, {1
EAEPAHIA] R Gt 2 2 PR KF AT REAFAE “ U2 22 7 BabE, H LB E SR 46%F SHAP {A: 0.19).
KEWARE, K SESGA TOEN IR, o LSRG R i B R A g or, i S1e
AR AR I A il PR, B0 2L 200 B IR 4 40 R i 52 g ANARAEE 73(27] (28] 4R AR B itk fivi
ML S, KM« F3E B 7 8 70T AR AE Mo 37 58 22 (R S AR, 39 B2 453 K I Fr If 28 it %, ek
T O A B SR 1L > B 3 1 A B0 DX 3 (0030 JR (290 R A I PR 8 AR A S BB AR HR XU 5 2 DWI B 14 25 R
TRIPR 2 [9] [30]. 3 HIF TSN A /I H it 45 e ] BB 3G N K I I AR TR R 68 I DD RE RS AS I A 28 25 UK,
MG 82 KR BRI AR, RPN DWI SIS 5317 [32], (HEA1R DL/ BB In 55 DWI [ 1%
FIFLZRIE AN, (HRBMEE /N (OR =0.993, 95% CI: 0.987,0.999), 5 E4 KEEA R —LIIF B, AT
(R 58 R SR S0 BT 5 43 J2 43 HT S IS AA A R] AR Tl PR 251 R, 3X BEWRE DWI [0 (1 F3000 PR 3646 — 5 I 1]
WHPE . oA Logistic [BIVA 43 M H R AZ f(DWI FHMEFIBAPE) 2 BAMY, AT YN SRR 2 I ORI
72 /NP N, OHDT R, #Zs 5 HEL DWI FHPERIL, A a0 2 IR 9% 3~5 KIN), NIHSS-1w #/h
S TG e g MUAE R S8 8% 56 5 th I DWI BRI, I1mIK |, % OHDT Fl/N NIHSS-1w 7] S 3 b2
DRe SRR TR, IxX 06 8 A A A R AT 2H 23 5 M T E v R AT AR /N IR RE R (8] 9]0 FRATT AT DA,
TERIG R IACRIR 5 KN, BRI 2H 234 e Dh 46 Rl s fn i 20 2R R /N 2 DWI BAPER B R o i i B8 % A=
KIELFEF, DWI &5 51 7~10 KikEE, 5 DWI 558, BEE/~ed s DWI 55 AL
PERTIRE IEH[33]. EEH ORI 5 K), OMT FRKACN DWI R & B2, OMT #fHE,
DWI [ AT REPERR R . IX R “ S8 ” WIS BT AR RN, Bl 20 2005 RO EEE:, ikt DWI mfE 5
R EAFES.

Bribz 4b, BATRIKSTT DWI P HERAEZE S5 TS, 6P R R Rz K T30 R, i B
TOAST # M e 5 B H WA PR R NEA &, (HBTAEARERS], MERTIAT Y. B2, BREMR
WG R AE 8 % DWI IR ERE 4 F, 2352 RE . SR, AIMEFURESE, LLRIEERRIRTT
AT PGE 5E & DWI H46[2] [6]. TFRATIF RS RER A R NEBIEAE ., YUl F k2R T BEAE s
BUI L1 i i A 6 2 S5 1) T2 I DWI B

JERATIB R B — 2 IRIKRE S, AFEE—E MR, F—, AP ysde R B,
FAEIERE AT, H DWI BIPER AR ER D> . =, AT OMT Gi— DWI B 128 o ABERE
Ao B=, AWFFXT DWI A b g 3 TR T, (HEE BT A e, JEIE M R A7, K
SKRLZANGENT DWI BB BT, 3 — PR A RS /el K 2 BL & DWI B B K AT — 4%
TRGT I o HAHE TR BT G, AT REAC AL B R 3 0E

5. &t

LR LR, EpikEE R Je DWI BITEAS hIEAD L, (HIFANEWRAE B L. B Ac b R
i, FI5EE MR G E A DWIHTEEAE R RE R, RN A m] g2 DWI BAVE M EZH K. [H]
I, i A N 5 DWI B RS A B R 48 R R AR, it M i ML (K B R A8 — R T ¥

DOI: 10.12677/acm.2026.1662212 229 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1662212

FEY, BH

B oW

==
/-

AR IR BEAHT TR B BB A T
BA
AW FEAT EREE R R S PR B B 2R oy (i 5 . K2024-188-01), HEH T-AUCHT Fux

SEHIRRSN, 1 TZ A LU SR A5 5 % 1 Rt
S5 3k

(1]

(2]

(3]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

GBD 2019 Stroke Collaborators (2021) Global, Regional, and National Burden of Stroke and Its Risk Factors, 1990-2019:
A Systematic Analysis for the Global Burden of Disease Study 2019. The Lancet Neurology, 20, 795-820.

Schellinger, P.D., Bryan, R.N., Caplan, L.R., Detre, J.A., Edelman, R.R., Jaigobin, C., et al. (2010) Evidence-Based Guide-
line: The Role of Diffusion and Perfusion MRI for the Diagnosis of Acute Ischemic Stroke [RETIRED]. Neurology, 75, 177-
185. https://doi.org/10.1212/wnl.0b013e3181e7¢9dd

Powers, W.J. and Rabinstein, A.A. (2019) Response by Powers and Rabinstein to Letter Regarding Article, “2018 Guide-
lines for the Early Management of Patients with Acute Ischemic Stroke: A Guideline for Healthcare Professionals from
the American Heart Association/American Stroke Association”. Stroke, 50, e344-418.
https://doi.org/10.1161/strokeaha.119.026917

Oppenheim, C., Stanescu, R., Dormont, D., et al. (2000) False-Negative Diffusion-Weighted MR Findings in Acute Is-
chemic Stroke. American Journal of Neuroradiology, 21, 1434-1440.

Tarnutzer, A.A., Gold, D., Wang, Z., Robinson, K.A., Kattah, J.C., Mantokoudis, G., et al. (2023) Impact of Clinician
Training Background and Stroke Location on Bedside Diagnostic Test Accuracy in the Acute Vestibular Syndrome—A Meta-
Analysis. Annals of Neurology, 94, 295-308. https://doi.org/10.1002/ana.26661

Edlow, B.L., Hurwitz, S. and Edlow, J.A. (2017) Diagnosis of Dwi-Negative Acute Ischemic Stroke. Neurology, 89, 256-
262. https://doi.org/10.1212/wnl.0000000000004120

Li, G., Feng, X., Wang, C., et al. (2022) In-Hospital Clinical Outcomes in Diffusion Weighted Imaging-Negative Stroke
Treated with Intravenous Thrombolysis. BMC Neurology, 22, Article No. 349.
https://doi.org/10.1186/s12883-022-02878-w

Wang, Y., Jing, J., Pan, Y., Wang, M., Meng, X. and Wang, Y. (2022) Distribution and Prognosis of Acute Ischaemic
Stroke with Negative Diffusion-Weighted Imaging. Stroke and Vascular Neurology, 7, 493-499.
https://doi.org/10.1136/svn-2021-001459

Alkhiri, A., Alturki, F., Alansari, N.M., Almaghrabi, A.A., Alghamdi, B.A., Alamri, A.F., et al. (2024) Prognosis and Dis-
tribution of Ischemic Stroke with Negative Diffusion-Weighted Imaging: A Systematic Review and Meta-Analysis. Fron-
tiers in Neurology, 15, Article 1376439. https://doi.org/10.3389/fneur.2024.1376439

Adams, H.P., Bendixen, B.H., Kappelle, L.J., Biller, J., Love, B.B., Gordon, D.L., ef al. (1993) Classification of Subtype
of Acute Ischemic Stroke. Definitions for Use in a Multicenter Clinical Trial. TOAST. Trial of Org 10172 in Acute Stroke
Treatment. Stroke, 24, 35-41. https://doi.org/10.1161/01.str.24.1.35

Burdette, J.H., Ricci, P.E., Petitti, N. and Elster, A.D. (1998) Cerebral Infarction: Time Course of Signal Intensity Changes
on Diffusion-Weighted MR Images. American Journal of Roentgenology, 171, 791-795.
https://doi.org/10.2214/ajr.171.3.9725318

Srivastava, A., Mehrotra, G., Bhargava, S., Agarwal, S. and Tripathi, R. (2008) Studies on the Time Course of Apparent
Diffusion Coefficient and Signal Intensities on T2- and Diffusion-Weighted MR Imaging in Acute Cerebral Ischemic
Stroke. Journal of Medical Physics, 33, 162-170. https://doi.org/10.4103/0971-6203.44479

Brunser, A.M., Cavada, G., Venturelli, P.M., Olavarria, V., Rojo, A., Almeida, J., et al. (2018) Diffusion-Weighted Imaging
Determinants for Acute Ischemic Stroke Diagnosis in the Emergency Room. Neuroradiology, 60, 687-692.
https://doi.org/10.1007/s00234-018-2029-x

Lima, J., Mehta, T., Datta, N., Bakradze, E., Staff, 1., Beland, D., et al. (2019) Migraine History: A Predictor of Negative
Diffusion-Weighted Imaging in I[V-tPA-Treated Stroke Mimics. Journal of Stroke and Cerebrovascular Diseases, 28,
Article ID: 104282. https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.06.040

Mekue Fotso, V., Leibinger, F., Rivas Lamelo, S., Azais, B., Plantard, C., Farouil, G., et al. (2024) Management of Patients
with Diffusion-Weighted Imaging-Negative Acute Ischemic Stroke: Retrospective Analysis of 47 Consecutive Patients.
Journal of Stroke and Cerebrovascular Diseases, 33, Article ID: 107924.
https://doi.org/10.1016/j.jstrokecerebrovasdis.2024.107924

DOI: 10.12677/acm.2026.1662212 230 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1662212
https://doi.org/10.1212/wnl.0b013e3181e7c9dd
https://doi.org/10.1161/strokeaha.119.026917
https://doi.org/10.1002/ana.26661
https://doi.org/10.1212/wnl.0000000000004120
https://doi.org/10.1186/s12883-022-02878-w
https://doi.org/10.1136/svn-2021-001459
https://doi.org/10.3389/fneur.2024.1376439
https://doi.org/10.1161/01.str.24.1.35
https://doi.org/10.2214/ajr.171.3.9725318
https://doi.org/10.4103/0971-6203.44479
https://doi.org/10.1007/s00234-018-2029-x
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.06.040
https://doi.org/10.1016/j.jstrokecerebrovasdis.2024.107924

FEy, BH

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Daneshvari, N.O. and Johansen, M.C. (2021) Associations between Cerebral Magnetic Resonance Imaging Infarct Vol-
ume and Acute Ischemic Stroke Etiology. PLOS ONE, 16, €0256458. https://doi.org/10.1371/journal.pone.0256458

van Everdingen, K.J., van der Grond, J., Kappelle, L.J., Ramos, L.M.P. and Mali, W.P.T.M. (1998) Diffusion-Weighted
Magnetic Resonance Imaging in Acute Stroke. Stroke, 29, 1783-1790. https://doi.org/10.1161/01.str.29.9.1783

Asdaghi, N., Campbell, B.C.V., Butcher, K.S., Coulter, J.I., Modi, J., Qazi, A., et al. (2013) DWI Reversal Is Associated
with Small Infarct Volume in Patients with TIA and Minor Stroke. American Journal of Neuroradiology, 35, 660-666.
https://doi.org/10.3174/ajnr.a3733

Yoo, J., Choi, J.W., Lee, S., Hong, J.M., Hong, J., Kim, C., et al. (2019) Ischemic Diffusion Lesion Reversal after Endo-
vascular Treatment. Stroke, 50, 1504-1509. https://doi.org/10.1161/strokeaha.118.024263

Arboix, A. and Alioc, J. (2010) Cardioembolic Stroke: Clinical Features, Specific Cardiac Disorders and Prognosis. Current
Cardiology Reviews, 6, 150-161. https://doi.org/10.2174/157340310791658730

Cao, M., Xu, Q., Zhang, Q.R., et al. (2023) [Exploration of the Effect of Blood Lipids on the Lesion Distribution Pattern
in Acute Ischemic Stroke Based on MRI Study with Population Standard Spatial Analysis]. Chinese Medical Journal, 103,
1739-45.

Menet, R., Bernard, M. and ElAli, A. (2018) Hyperlipidemia in Stroke Pathobiology and Therapy: Insights and Perspec-
tives. Frontiers in Physiology, 9, Article 488. https://doi.org/10.3389/fphys.2018.00488

Cheng-Ching, E., Frontera, J.A., Man, S., Aoki, J., Tateishi, Y., Hui, F.K., ez al. (2015) Degree of Collaterals and Not
Time Is the Determining Factor of Core Infarct Volume within 6 Hours of Stroke Onset. American Journal of Neuroradi-
ology, 36, 1272-1276. https://doi.org/10.3174/ajnr.a4274

Sener, U., Ocek, L., Ilgezdi, L., Sahin, H., Ozcelik, M. and Zorlu, Y. (2018) Significance of Multiple Acute Ischemic Lesions
on Initial Diffusion-Weighted Imaging in Stroke Patients and Relation of Toast Classification. Annals of Indian Academy
of Neurology, 21, 197-202. https://doi.org/10.4103/aian.aian_487 17

Reddy, S., Rao K, R., Kashyap, J.R., Kadiyala, V., Kumar, S., Dash, D., et al. (2024) Association of Non-HDL Choles-
terol with Plaque Burden and Composition of Culprit Lesion in Acute Coronary Syndrome. An Intravascular Ultrasound-
Virtual Histology Study. Indian Heart Journal, 76, 342-348. https://doi.org/10.1016/1.ihj.2024.10.004

Scalamera, R., Covani, M., Andreaggi, S., Kim, S., Lee, H., McNulty, L, ef al. (2026) Non-Modifiable Cardiovascular
Risk Factors and Coronary Plaque Characteristics in Patients with Acute Coronary Syndromes. European Heart Jour-
nal—Cardiovascular Imaging, 27, 733-742. https://doi.org/10.1093/ehjci/jeag023

Dirnagl, U., Becker, K. and Meisel, A. (2009) Preconditioning and Tolerance against Cerebral Ischaemia: From Exper-
imental Strategies to Clinical Use. The Lancet Neurology, 8, 398-412. https://doi.org/10.1016/s1474-4422(09)70054-7

Stetler, R.A., Leak, R.K., Gan, Y., Li, P., Zhang, F., Hu, X., et al. (2014) Preconditioning Provides Neuroprotection in Models
of CNS Disease: Paradigms and Clinical Significance. Progress in Neurobiology, 114, 58-83.
https://doi.org/10.1016/j.pneurobio.2013.11.005

Liu, L., Ding, J., Leng, X., Pu, Y., Huang, L., Xu, A., et al. (2018) Guidelines for Evaluation and Management of Cerebral
Collateral Circulation in Ischaemic Stroke 2017. Stroke and Vascular Neurology, 3, 117-130.
https://doi.org/10.1136/svn-2017-000135

Makin, S.D.J., Doubal, F.N., Dennis, M.S. and Wardlaw, J.M. (2015) Clinically Confirmed Stroke with Negative Diffu-
sion-Weighted Imaging Magnetic Resonance Imaging: Longitudinal Study of Clinical Outcomes, Stroke Recurrence, and
Systematic Review. Stroke, 46, 3142-3148. https://doi.org/10.1161/strokeaha.115.010665

Fukunaga, D., Ohara, T., Fujinami, J., Tanaka, E., Nagakane, Y. and Mizuno, T. (2024) Magnetic Resonance Imaging Fea-

tures and Stroke Etiology of Ischemic Stroke in Essential Thrombocythemia. Journal of the Neurological Sciences, 466,
Article ID: 123230. https://doi.org/10.1016/j.jns.2024.123230

Kato, Y., Hayashi, T., Sehara, Y., Deguchi, 1., Fukuoka, T., Maruyama, H., ef al. (2015) Ischemic Stroke with Essential
Thrombocythemia: A Case Series. Journal of Stroke and Cerebrovascular Diseases, 24, 890-893.
https://doi.org/10.1016/].jstrokecerebrovasdis.2014.12.012

Taoka, T., Fujioka, M., Sakamoto, M., Miyasaka, T., Akashi, T., Ochi, T., et al. (2014) Time Course of Axial and Radial
Diffusion Kurtosis of White Matter Infarctions: Period of Pseudonormalization. American Journal of Neuroradiology, 35,
1509-1514. https://doi.org/10.3174/ajnr.a3908

DOI: 10.12677/acm.2026.1662212 231 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1662212
https://doi.org/10.1371/journal.pone.0256458
https://doi.org/10.1161/01.str.29.9.1783
https://doi.org/10.3174/ajnr.a3733
https://doi.org/10.1161/strokeaha.118.024263
https://doi.org/10.2174/157340310791658730
https://doi.org/10.3389/fphys.2018.00488
https://doi.org/10.3174/ajnr.a4274
https://doi.org/10.4103/aian.aian_487_17
https://doi.org/10.1016/j.ihj.2024.10.004
https://doi.org/10.1093/ehjci/jeag023
https://doi.org/10.1016/s1474-4422(09)70054-7
https://doi.org/10.1016/j.pneurobio.2013.11.005
https://doi.org/10.1136/svn-2017-000135
https://doi.org/10.1161/strokeaha.115.010665
https://doi.org/10.1016/j.jns.2024.123230
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.12.012
https://doi.org/10.3174/ajnr.a3908

	静脉溶栓后急性脑梗死患者DWI阴性的临床特征及预后意义
	摘  要
	关键词
	Clinical Characteristics and Prognostic Significance of Diffusion-Weighted Imaging Negativity in Acute Ischemic Stroke following Intravenous Thrombolysis
	Abstract
	Keywords
	1. 前言
	2. 方法
	2.1. 研究设计和人群
	2.2. 数据采集
	2.3. 统计分析

	3. 结果
	3.1. 多层次的统计分析
	3.2. 机器学习模型
	3.3. 生存分析
	3.4. 分层分析

	4. 讨论
	5. 结论
	致  谢
	声  明
	参考文献

