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Abstract

Objective: To investigate the predictive value of CT perfusion parameters combined with D-dimer
(D-D) in hemorrhagic transformation after intravenous thrombolysis in patients with acute
ischemic stroke. Methods: A total of 85 patients with acute ischemic stroke who underwent intra-
venous thrombolysis in the Neurological Intensive Care Unit of the Affiliated Hospital of North
China University of Science and Technology from June 2021 to June 2023 were enrolled as the
subjects of this study. All patients came to the hospital within 1.0~4.5 hours after the onset of the
disease, and thrombolytic therapy was performed within 6 hours, and CT perfusion examination
was performed within 24 hours after thrombolysis. According to whether the patients had bleed-
ing on CT examination after 7 days, they were divided into bleeding group and non-bleeding
group. At the same time, the clinical data, serum D-dimer level and main parameters of CT perfu-
sion were recorded in the two groups, and the obtained data were analyzed by logistic regression
analysis, and ROC curves were plotted to analyze the predictive value of CT perfusion parameters
combined with D-dimer for hemorrhagic transformation after intravenous thrombolysis in pa-
tients with acute ischemic stroke. Results: A total of 24 patients underwent hemorrhagic trans-
formation after thrombolysis, and the bleeding rate was 28.24%. The NIHSS score and serum
D-dimer level in the bleeding group were higher than those in the non-bleeding group (P < 0.05),
the cerebral blood volume (CBV) and cerebral blood flow (CBF) in the bleeding group decreased
significantly compared with the non-bleeding group (P < 0.05), and the time to peak (TTP) in the
bleeding group was higher than that in the non-bleeding group (P < 0.05). Multivariate logistic re-
gression analysis showed that CBV (OR = 0.199), CBF (OR = 0.883), TTP (OR = 1.214), and D-dimer
(OR = 1.006) were independent risk factors for hemorrhagic transformation. The results of ROC
curve showed that compared with other perfusion parameters, CBF had the highest AUC value of
0.761, a sensitivity of 75.0%, and a specificity of 26.2%. When CBV and D-dimer are combined,
sensitivity and specificity increase slightly. Conclusion: CT perfusion parameters CBF and serum
D-dimer levels have high predictive value for hemorrhagic transformation after intravenous
thrombolysis in patients with acute ischemic stroke.
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1. 5[

AU B M i 25 (Acute ischemic stroke, AIS)FE & 88 3 H BRI B4 5| RS AN 2L R AE Ak, 4k 5]
LR IR SE AL, ERR ST MEILH 60%~70%, &S EERREME T Kk FERREZ
—[1] [2], EAHRERILRKEIRE . AIS K 5 A TE ARG T, AAVR A0 I (8 . $5 Rkt
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YER IR RO . BRAERE AR, SR A 4L 23 H i i B AR [3].  HY I 4% fk (hemorrhagic trans-
formation, HT) AAHAE S5 X IRMI4k K M i, /& AIS EARRAEM — 85, AR AR T06 Al 25 i # sl i A
&, RTEERTT R R W BRI RIE L —, SE T REE IR K TS A R B VI G, Tk K
WFFERMI[4], HT 1 ALS 3 H A R 15 KU 23 5 (OR = 10.513, 95% CI = 1.325~83.438, P = 0.026),
HT /& AIS A TG A RIS fEG . ik, FIRIEA HT K 8 T LA —EFEE F s
J& . JeBT I KA 5 S 5 KA HT B FESEAT T30, 0 HE B AR e il js B S BANMAL 5]
CT ¥ BUZ(CT perfusion, CTP)2 I /R 55 i H - Al 25 A B ZEAZ O FH R ML~ 7 IO 52 A8 D7 k6], A 4%
SREAD AR L S0 IR R T R T ALS B H A 0 168 I VR YT IR B - D-— 5 4 (D-Dimer,
D-D)J& £ VA B 7K fift 52 R T 24 £ 1 PR AR 1) 7= 400 FLAE XY P O 204 R 18 0 g AR R AL T ey RS RN 4 R P 41
WICRE7], AR ILEAA — R R . R EFTR, AR AERDT CT ¥ESHIS D- A 2tk
S A A i 2 R A R S R T AR MR PR AT TN, 3 T g P R L e A v R ) I PR AL
(1 R HE AL FTIG PRI T 12 R 97 S i — e (1 B A

2. MR 57
2.1. —RR PR

[ 3BT 2021 4 6 H~2023 4F 6 H HEACEE I @ B e #h 22 BERE o s 30 AT 78 VA AR 1 85 49 ik
MPEm2e s 8, Horh B3 55 4, MR8 30 4, ~FI9MEEN(69.00 + 8.09)% o WA & 1 — kiR
kb SEIE [ 3L AR 5T B A R R (NTHSS VP90) K I D- k. A B8 7E R 5 6 /NSy AT
WRIRTT, YT WRSE 24 /NN AT CT EERS A, JET 7 RWATAUN CT “PHK . BE R B I RN
SR BORMEEAT BB 3 #7 o

TRBIGINRRAE: 1) BT I 35 75 A 4 1 26 DY J 4 16000 0550998 2 0 52 i A tE . 2) NIHSS P T
4~22 5y 2 J8), VEAr IS A AR K . 3) BT B TR 5 1.0~4.5 h WkBemti2, 7€ 6 h APk
ITHRRIGIT . 4) AT A TG 24 h WAT CT #EVERE . 5) AR BE Y TIER)E 7 d WATAIU CT
PR . 6) AT B S TR R TR R AKX . 7) B B s AR, L ERSHEZE B Sk,

B ERARAE: 1) BEAE SRR AN L. 2) AIFFEIHREAEE . 3) Bl RGFHEEH. 4) L—
BN B Sk FRIFAR . 5) BHBEDARLLERERE LIGIT

WRAEE ARG 7 d N CT PHEKBE RS LA HmEE, o8 m mafkbmal, Himd 24 6, K
Hfm 61 1,

2.2. AMAE

FrE RN TS 24 h W4T CTP ¥, HT 7d N4T CT “FHEK A . /7 GE Revolution 512 212
W€ CT ML, K ey 31 28 2 S F kAN 45 mL 15535 /R (400), EHAZE 4.0 mL/s, 5s JairiEEd,
PARMIVEE R M, FHE 0kV, EHHI 200 mA, FEE 5 mm, HEGHTE 45~50 fb,

2.3. BEligEATE

¥ CTP HHi¥E L4 2] EBW T/E%G+, F Brain Perfusion 4.0 ¥ HEAT B G ACHE, 3EHS H41H
T EEAT I SO N Bk,  EOOIRSE A ik, 530 E - 2R A2, A M A F(CBV).
DG L7 B (CBF) P X3 ad i (8] (MTT) A ik 0 B (8] (TTP) [ HEE S 5 A .

FEUG EPEAL . AT EUE I R UGV, LA 50 A B 22545 o0 B2 AR 07 HLBE AL APl
BG5S e i e i 2w N S 80001 e %, Bl e B B E R B S 82 .
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24. GitERE

AHF TR SPSS23.0 FAF AT HHE AT Guit 220 M o TR ERIE IS IEAMEARR S, AR IEZS 73 (1 LA
X s Fon, FERFAMSIREA %, TR LI E 8% R, HWECRHFR I GA K5), F B HudE
P < 0.05 (IS EHAT Logistic BIVA4MT, F£4H] ROC #IZR, /3#T CT #EES S D- AN S Hm
P i 27 e SR DR A i L A ) T A A
3. /R
3.1. AWEBEN—MRIFRELE

DNUAEAEN < 5 IN=T 1192 S N1 0T =701 = N 97 N R o R S s e R e B o
Pedt, ZERITEGiE 24 (P > 0.05); KPR B FFES . NIHSS vF4r & D- R AT I, 7%
WIE G HE (P <0.05). VEWLE 1.

Table 1. General data of patients in the bleeding group and the non-bleeding group (x +s)
= 1. HMAFMAKRHMBBRE—MRER (X +5)

FSEN H i 2H A H g e P
PERI(B /%) 14/10 41/20 0.595 0.441
() 73.13 £ 6.96 67.38 +7.98 3.096 0.003
o I 5 15 45 1.054 0.305
580095 52 8 35 3.080 0.079
e I i o 13 27 0.339 0.056
PRI B 10 14 2.977 0.084
o 2 v sl 5 11 0.088 0.766
NIHSS #¥-5r(57) 13.50 £ 6.19 9.51+4.34 -3.365 0.001
TEVEERT ] 4.02 £0.67 3.89+0.72 —0.754 0.453
13 D-— %4 (ng/mL) 555.89 + 104.36 498.51 +98.82 2.372 0.020

3.2. BERBA CT ETEESHLLE

XA 1) CT #EESH MTT BT AL, ZR LG E (P > 0.05), XPHAEEN CT #iES
# CBV. CBF [ TTP #ATHE, ZRA SR (P <0.05). UM% 2.

Table 2. CTP parameters of bleeding group and non-bleeding group (x s )
2. WIMAFKREMEE CTP BH (¥ )

e 41
SN t P
(24) (61)
CBV 1.75+£0.28 1.92 +0.34 -2.118 0.037
CBF 27.03 +7.60 33.63 £ 6.70 -3.938 <0.001
MTT 6.08 +2.76 5.24+1.86 1.634 0.106
TTP 21.13 £5.99 16.93 +3.86 3.833 <0.001
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3.3. i AIS BERKERELE AN ZERS T

Xt AIS BFHH) CT #EESH D-RIHT 2R, L CBV. CBF. MTT. TTP [ D-—R{k
NEAE, KAERMENNEAZE, HTZRE Logistic A, %8R, CBV. CBF. TTP X D-
TR KA AR ST GRS R R . VELE 3.

Table 3. CT perfusion parameters and D-dimer predicted hemorrhagic transformation Logistic regression analysis of acute

ischemic stroke

3. CTHEESHE D-Z RN S SR MM AR ZE s ML Logistic BIYASM

S B SEWald X2 1 p OR 95% CI
CBV -1.614 0.795 4.127 0.042 0.199 0.042~0.945
CBF —0.125 0.038 10.770 0.001 0.883 0.819~0.951
MTT 0.170 0.111 2.360 0.124 1.185 0.954~1.427
TTP 0.194 0.060 10.436 0.001 1214 1.079~1.366
D-— Rk 0.006 0.003 4.805 0.028 1.006 1.001~1.011

3.4.CT #EE S8R D-—Bikxt AIS BEHE2 5 4 s 4 s Funi &

ROC £k BR, 4 M0 K & b CBF 4 N IR K, 9 0.761, 21 544 9 7.82 mL-min'-(100g) ',
HAURE N 75.0%, FiF/E 26.2%. CBV Ml D- ~FAKEA J5 ROC 2R R AR T K, BB FRE = 515
Tt BURE N 79.2%, KFREN 29.5%. W 4.

Table 4. ROC curve analysis of CTP parameters and D-dimer for the prediction of hemorrhagic transformation in acute
ischemic stroke

%% 4. CTP 25 D-Z B3t 2 M B 4 B ZF & B M L T AY ROC #hZk 53 47

SN B1E AUC TBURAE (%) R (%) 95% CI
CBV 1.834 0.666 75.0 34.4 0.542~0.789
CBF 30.705 0.761 75.0 26.2 0.645~0.878
TTP 21.56 0.708 50.0 11.5 0.573~0.844
D-— Rk 599.505 0.708 70.8 19.7 0.566~0.849
A E 0.651 0.801 79.2 29.5 0.691~0.911
B R A CBV M D- - BRIAM A E S
4. g

LA 0 2 i p T R I S S kAT ME B Bk e A B P 2, 3 SSOMG P SR P A4 e B 44 o A A2 ) B
%, FEHEN AR MRS 5e A P Ii[8]. HT /& AIS Hii WA KRG I RAE, TLH RS
AT ARG JE, RO BGR, HARR SRR AR v 5 BEAE X 4K 5V i, G A ik A A
RAE L. ST A S HT X 2ok vk 46 o (I R Ve T B 48 3 8 (9]

Wr 55 AR [101RT SR Y, W CT %A1 T 5 J00N o R 97 22, % 40095 24 h W JF A BB BoR
RN, FHERRZEINE; FRESEI0AN, CT BEEBURBOR T IE L i #EE S H 22
R HER IR T ] SRR . CT P2 12 Wr SR VRN RE L A B 223 Bz —, (5 ik
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BFERIC W RO 22, B AEA AR B AE B X LI 8 772 7% . CTP G 25 (1 B 18 SE Al A% [ 2 1A
S 7 ) R S R PR 0 B S A, R T T X B R D [ B S RO X AT A A R, 3RS
CBF. CBV 4§ CT #EVEHIRE, M b H 23 RE IR AT LSS, B AR S W fivi 4H 2R I e iR v A o o [
i, CTP KAk REdEAT ML 2t e 2o A, S5 B IRIBFR R, XS BRmya . SRifs B AT — e FR R
i} Tﬁé’:, Bt CBF. CBV .3 FRIR RN A LUH A AT 45145, CBF Pk, CBV FauE S m i f s 7
fEAE[

*E*Mx R RS VERE AR, AR SRR B B AR A, R N K v e i B
WEPNAFTE B BOIRES ,  FERHUA R RETY B ) 1 AR [ 13]

WG CT /EE?‘%%IE%A D- R AR Sl P G 2 A S I AEAT T, A AR AT T 85
BB H W CT MEESEL D- R, &I CBV. CBF. TTP } D- R4 Nk A= i 544k (557 /& (6
K&, B HAEERSGTERER, HindE#H CBV & CBF BEM TR MA, HimdlEEm
TTP J D-—5RARH S TR M4, X 50 14] AT T 45 R —5. WAERHEN CT #EASH
MTT Z RG22 (P KT 0.05). HIEA W, CBV Al CBF {5/, TTP Ml D- A A, HE kR
A ER kR T AR RS K . ROC HIZR45 B oR: CBV 7EZk AN 0.761, 2Wi e N 7.82
mL-min "-(100g) ", XF AIS B AR 5 T H L% A0 I RIURE N 75.00%, 455 E 26.20%. CBV. CBF.
TTP J D-— R4k 4 MANRBEE, BUREAR Y BT, BUREN 792%, FimEEA 29.5%. ZHHF
SERPER: CT #EVEZSEL CBV. CBF J¢ TTP X 2 sl il P i 2% A 8 8 v i 5t b A 3 DI &, Hop
CBV A HEZEHIRNE L, HBURER S, (AR K, CBV BRI /R I ™ &, T k™ E,
DU A R LA (R T B PR K s D SRARAE D — Fh A1 I Bl /K A 1 A BR AR 4 8 1 e =, CAE I P
I R A FEE 3 00 T e A PR PR v RS S b R MR R Tk, R R R I A R & X [15]. CBV I D-—
BB G, JLBURE MR 7 BT . AR RIER CT #EESE CBV KUk 2 Habn D- AN T &
P I i A P R AR S RS AT B R R

L LR, AREFLEE R 85 BEF BB TR, CT #EEZ5 CBV BiG D- R4 S s
I i A v 2 R P AR i A 7 R AR I A R B TN - 24 CBV E KT 7.82 mL-min'-(100g) '
i, D-RAARME KT 599.505 ng/mL B, $EoR A& H IR RS G0N, BE A PR St e i 4 v 2 b i
HE KA RIRIT IR E E N S ENE.

SE
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