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B : BT PRI 5 HRENAE B G IER R 5 B (non-valvular atrial fibrillation, NVAF)& H-EiR
B A S KA REAL #5828 (intracranial atherosclerotic stenosis, ICAS) X80 B 3 i KIIG T R R
RetER., ik BE2021FE1H £2023512 5 ERBEHE ARHMERIBITHI B ENVAFS I EEICAS
FRAESE B 10045, HRIFEHIET ZRARD AFRIPIEHE (n = 50)F4EERA(n = 50). FHAHBEHEZN
oA R IETT, FEMER E A RA FRURYBESREERGIEGIT . WA B EDIBHEIT IR
YAIT B 1A B BBk Th 85647 [£7 468 (5 JR (FIB) BRILEFRT (8] (TT). SRS EI 5] (PT) IEAL IR B %
I [E] (APTT)] LB AR AR B UES & 1 (cTnl) VBB M T8 (CK-MB). LB I £/ (LDH) |-
MR RBHERAR MR TIZE . KR E. MREE . SARRERE(EAD] R IME N EThREfEiR[ILE
HMAREF(VWF). MERERRI (Angll). HEER1L (ET-1). MEHNEEKEF(VEGF) R, I
BEED 124 H, EF BB ke EEGREFR. AN, FAEEERARNRERTRE, 85
Y897 & NI B (TTR)BME . TTRA A6 KINRIERE SEM: . 5 R : WITIE, FURWIFAFIB/AK R T 4R A,
TT. APTT&EE EK (P <0.05); FRWIEHcTnl. CK-MBKLDH/KEIHE T HEHH (P <0.05). R,
FUPIRH MR IRUIRE . M3RE B REASE AR FEIK(P < 0.05), VWF. Ang IIXET-1
PR THEME, VEGFAK R THEME(P < 0.05). HERAFHTTRHN(62.3 + 11.5)%, HHTTR2
65%H B 542.0%, TTR<50%ME#H 524.0%; INREFITEEN1.2~4.8, BHETEHRXRE LS
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Abstract

Objective: To explore the differences in therapeutic efficacy and safety between rivaroxaban and
warfarin in patients with high-risk non-valvular atrial fibrillation (NVAF) complicated by sympto-
matic severe intracranial atherosclerotic stenosis (ICAS) and cerebral infarction. Methods: A total
of 100 patients with high-risk NVAF combined with severe ICAS and cerebral infarction hospitalized
in the Department of Neurology of our hospital from January 2021 to December 2023 were enrolled
and divided into rivaroxaban group (n = 50) and warfarin group (n = 50) according to different an-
ticoagulation regimens. Both groups received standardized secondary prevention of stroke, on the
basis of which rivaroxaban or warfarin was administered for anticoagulant therapy, respectively.
The changes of coagulation function indicators including fibrinogen (FIB), thrombin time (TT), pro-
thrombin time (PT) and activated partial thromboplastin time (APTT), myocardial ischemia-related
markers including cardiac troponin I (cTnl), creatine kinase isoenzyme (CK-MB) and lactate dehydro-
genase (LDH), hemorheological parameters including whole blood high shear viscosity, low shear
viscosity, plasma viscosity and erythrocyte aggregation index (EAI), as well as vascular endothelial
function indicators including von Willebrand factor (vWF), angiotensin II (Ang 1), endothelin-1 (ET-
1) and vascular endothelial growth factor (VEGF) were compared between the two groups before
anticoagulation and at 1 month after treatment. All patients were followed up for atleast 12 months,
and the incidence of bleeding events and thromboembolic events was recorded. Meanwhile, the qual-
ity of anticoagulation in the warfarin group was evaluated in detail, including the mean time in ther-
apeutic range (TTR), TTR distribution and the stability of INR values. Results: After treatment, the
level of FIB in the rivaroxaban group was lower than that in the warfarin group, while TT and APTT
were moderately prolonged (P < 0.05). The levels of cTnl, CK-MB and LDH in the rivaroxaban group
were significantly lower than those in the warfarin group (P < 0.05). Moreover, the whole blood high
shear viscosity, low shear viscosity, plasma viscosity and EAI in the rivaroxaban group were all de-
creased compared with the warfarin group (P < 0.05). The levels of vWF, Ang Il and ET-1 were lower,
while VEGF level was higher in the rivaroxaban group (P < 0.05). In the warfarin group, the average
TTR was (62.3 + 11.5)%, 42.0% of patients had TTR = 65%, and 24.0% had TTR < 50%. The INR value
fluctuated from 1.2 to 4.8, and the frequency of INR beyond the therapeutic window accounted for
37.7% of the total monitoring times. During the follow-up period, the incidence of bleeding events
and recurrent ischemic stroke in the rivaroxaban group was lower than that in the warfarin group
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(P < 0.05). Conclusion: For patients with high-risk NVAF complicated by symptomatic severe ICAS
and cerebral infarction, compared with warfarin, rivaroxaban can effectively exert anticoagulant ef-
fect, improve hemorheological status and vascular endothelial function, reduce the levels of myocar-
dial injury-related indicators, and present better clinical safety. It provides a feasible option for in-
dividualized anticoagulation therapy in such complex patients.
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1. 5|8

IR 5 Bl (non-valvular atrial fibrillation, NVAF) & S I 14 ik 25 o ) 28 B[R 22—, LA v UG S5
ZwE T TSN, 1T A A Sk Ok R A AL 14 5% 4F (intracranial atherosclerotic stenosis, ICAS) &) £ 2 37 1 A
A R AT R R B R R . AL ROR, 24 NVAF SRR ICAS HAFRS, M BRI O IR M 26
e RIS, 352 1 Ja) 30 20 Jk s A B A LA T B S A HE VWL PR L (R S i, 26 v R R RIS B T i 1]
UL IT & NVAF 2R 1l iz o0 5 mg, st T HEEE ICAS B3, BATIEr B 232 DLt/ MG
J7NFERII SR A BT R [2]. UMM E IR IEAERT, W el 764G 25T A4 ZE 1 TR AR S S iy HE I, R
HTIE R R P B S R . B IR 245 7E B AR R T h e SR A AR AT AR AT P H i
DRSS FHBE RS B PUEE RN 3], HBEAEBENLX REB FT i A £ X0 & AR R B BT ICAS BFH LT 100, H
VI = BRI SCHF . BRIGIR A SR oh, BRILDIRE AT . MR AR 5 7 8 LS N R Ty e i
BN R VR A FE 5 B IR A A AR T RSP 3 [R5 BRLEE AL, I PT RE S MRPUAR VR T RCR S e 4[4 [5].
SR, ANFEPLE YN FIR R R 2 , EIZRE R EE T RS R Ra . BTk, At
FOEIL AT IEPEBA BT, FEBCRID BE 5 SRV MR AE (5 /& NVAF & JF 5 B2 ICAS N8 828 T /R F 2 =
N2 Y 5 SR S R S IR &5 R AT SR B VAR, DA D92 e Rk N P AA A 70 5 SR i 3t B8 LA P )
TEUEHE . JTiEIRE DR .

2. AREFZE
2.1. —iER

IEHL 2021 4F 1 A% 2023 4F 12 ATERBEAE P RHE BLIR YT 10 s G AL 55 BNV AF) & 5 2 1l
PN B KR 78 (SICAS) A A8 8.2 3k 100 41, ARFEHLEEIT I BA I 75 AFIRID HE (n = S0)FI LM A (n =
50). FMRVDEEA B 28 ], Lotk 22 B, 4ERY 58~82 %, FHIERY(68.5+8.2)%; HEURFE 6 MH~15
B, PARRE(S.2 £ 3.4, LS NN E 3~18 d, “FH(9.6 £ 4.2) d; &IFmLE 38 5. BESRIF 18
Bl HEvEIRA R M 26 B, Lotk 24 s EES 60~84 B, FHIFERY(69.8£7.9)% s FEEURAE 8 AN H~16 4,
HRALRFE(S.6 £ 3.4)5; IiAEAEE N 4~20d, “FHJ(10.1+£4.5)d; &HFEIMLE 40 1. #E R 20 4.
P B — R TOR T T L, Z RIS = (P > 0.05), BARHE.

PN I
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@O g (ChE RG22 1615/ (2018)) 2 WibaiE, 255 MRI 5%, CT iiE S S Hf v
IS

@ ZFhEs 0 H B B LA 7T B A2 1 9 AR L B

@ ZLHE CTA B MRA IE S5 A 2R HREIRAE SC IR At N B KA AE 70%~99% I 5 52 S A AL,
PR A

@ CHA:DS>-VASc ¥4 =2 4r(5ith)Ei=3 40 (& th), B&PuabiayTfRiL;

® kY 18~85 %5

©® BFEWEASRE, EBEETERED | ERT] LA AR

@ B#HEFES A FIE R EFEEER .

HEBR bR -

O FFAE IR PE T« ATUREAE A7 Y5 B ke o0 S I A s 15

@ BEAEA PPN I 5 BN 2H A1 A7 76 5 sl

@ & 3F™ E ' A 42(Child-Pugh C R EULEHE 4% < 30 mL/min);

@ I/ < 100 x 10%/L BE oAt B AR A HE I 207 5

® KRBT/ IETT BOEEIE 2 6k AN M A NI TT

© GIFTEREES . B BRI <14

@ TIESER 1 ERE VT BB RN e 3
2.2. Bk

FARIDBTAL: 765 97 (BTHEAR AT 45 F 20 mg qn. #2581 ML ITURE S5 A JE ik 1, 26 o 2k
J5 GBI R G 3~14 R, FRIEFEZE /N Bt L5 A0 AU A A AL U ) J8 SRR D BE GRS 2%, BB EFEE A
FDHUEAIT . FIEAMRE S ThAE R . WIEFE R (CrCl) > 50 mL/min %, 20 mg & H—¥; CrCl 30~49
mL/min %, 15mg & H—K.

SETF IR s AR G TP B3R b, TR R sh ARV E AR (5 i I UAR 258 PR A RDIRIT - A=
— N 2.5 mg B H—IR, RAFRAELL ) INR W5 A7) &8 5 %2 WIAG R Bl 2~3 YK INR, £+ INR £2
SELE 2.0~3.0 HFRJEHE, @WEK 246 4 RN —: & INRIKT s, SR 0.625 mg 4%
s 45 INR & T HARTEEME<3.5, & 0.625 mg HFbk; 47 INR>3.5, F{EHEkbk 1 UG & F 5
TG . L RH 12 B AR 25 R HEAT G PUBE B, 105% INR 8 M BV T 3 I IRI(TTR) . T B 75
BPLERT, EATESEEE A, RV R)BEE R B ] PE AR (100 mg qd) FIEE RS 5 (75 mg
qd)BUBCHL IR TT ,  BEJE15 FPLIL/IMRZ, s —Huitia T

2.3. TH S EiER

(1) BEMDyEeTabs. THEIRITATCRES) LEITE 1M H, REBFSEFIKIM 3 mL, 30 min HE
TELHLF, L3000 r/min ARG 10 min, 20 S MR TR0 . R4 BB B4, Rl 2 4
M J5 (fibrinogen, FIB). # Ifil H§ A} [] (thrombin time, TT)+ #E LA & B 18] (prothrombin time, PT) X 154435 43 ik
I 75 8] (activated partial thromboplastin time, APTT).

(2) CHUER AR R BN . T 5 BB AR AH [R5 8] f R AR B S I FR K I 3 mL, B TE&EE 1, 3000
r/min 20> 10 min J55> B MG, SLETAIEE T-80°C & 1F FRAEA . KH P K Cobas e 602 HiL2E KR
AP 53 T AR U LA 25 9T (cardiac troponin I, ¢TI ) FULES S ] 1B (CK-MB)/KF-; FLER B S B (lactate
dehydrogenase, LDH)XH H 37 7600 4= [ 2446 20 B A3 Eb (A il
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(3) MM AZFFabr. THEHRITHIAIBITE | MHBR, REEE TR 5 mL, KA EDTA
Pk, BIRSE LRI, (A LBY-N7500A 244 [ 3 M it 28 A (b 53 ) A= 2 71l e 4 i s D g
J& (high shear viscosity, 200 s ™). 4= MK V) %4 % (low shear viscosity, 1 s71). [l 3% %5 & (plasma viscosity, PV) A&
2141l R £E F6 B (erythrocyte aggregation index, EAI).

(4) I W EIhaetabr . THUEEITHT IGIT G 1 AN RESIEF KL 4 mL, B T EDTA $iEtE +,
3000 r/min &0 10 min, 4B J5 B T80 C KA IRAF R — Al . R FH BRI S 2 W B2 (ELISA) ks
D0 /& V£ 1f A9 K] F-(von Willebrand factor, vWF). Ifil# 555K 211 (angiotensin II, Ang IT)+ P4 i -1 (endothelin-
1, ET-1) & M5 A fz A= K [ T~ (vascular endothelial growth factor, VEGF)/KF, Flf FR55 &2 510 B L i
ERAEVIRH A R A .

(5) VEMBUBROTT BURTE bR THE AR B3 B U7 IR (YR 97 & N IR [R](TTR), R FH e itk i (i V2
BT, 103 TTR BIBME . FRdEZE AR5 L(TTR > 65%, 50% < TTR < 65%, TTR < 50%); %iit INR
B B VE B KR 9697 B (INR < 2.0 B INR > 3.0) 050 A e M v 5 i B ]

(6) ML RTEbr. BT AN T2 E A LBIERUAHS &7 X, SrE 8E i TE0 6
HBEYT, CPIBG ST A Wi A ZE S B R AR S . AR I I PRAE SGE K th L A R ik
Mo 4 2 A0 45 S AR S UE SR T i B R P L i 25 o B A TAMNRL 28 B I R gibE R ZE iR . L
PR B8 LS R A R ke ZE A R AR R

2.4. GeitFAbTE

KF SPSS 25.0 it A A BHR AT oM A0 . i E R LISE + FRUEZE(X £5)Fon, KAt
5. THEUE R AN (%) FR, K 2. P<0.05 NZERA SR L AR FEAE I T ilm R Al 474
W, ARBTHUOCHKFEARR TR, RS FRAEA LRI RBRYE,

3. 5R
3.1. FEEERIMTIREIRFRELE(FIB, TT, PT, APTT)

BT LN H G, FMRIDPEA TT F1 APTT BIE4IE b, (HAEKIRER T 5 A, =5 B G50
25 (P <0.05), W#E 1.

Table 1. Comparison of coagulation function indicators between the two groups of patients (x £s)

F 1. REABERMINGEIEAREEBN( X £5)

Ta s KB A FIRIDFELA (n = 50) LR (n = 50) tfE P&

FIB (g/L)¥G¥7 /i 3.61 +0.74 3.58 +0.71 0.207 0.836
FIB (g/L)ia¥7 )5 1 ™A 2.98+0.62 3.32+0.68 -2.607 0.011
TT (s)¥GJ7 R 16.21 £1.93 16.35+1.88 -0.364 0.717
TT (s)iy7 )5 1 M H 20.84 +2.31 18.73 £2.09 4.781 <0.001
PT (s)¥547 1 12.06 +1.08 12.12+1.05 -0.281 0.779
PT (s)¥a97 )5 L ™A 14.85£1.27 22.41 £2.65 -18.188 <0.001
APTT (s)VAJT Rl 31.84 +3.56 31.62 +3.41 0.315 0.754
APTT (s)i97 )5 1 ™A 38.96 +4.12 42.83 +4.58 —-4.411 <0.001
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3.2. AEEE DGR XFREMILE (cTnl, CK-MB, LDH)
WITIE 1A, FURIPIEA ERFEFRKF IR THREM A, ZR BEA% 8 (P <0.05), W& 2.

Table 2. Comparison of myocardial ischemia-related markers between the two groups of patients (x £ 5 )

2. MERE OB MARRAREMIELIR (X +5)

Fabm K B[R] )R FIRIFELH (n = 50) 4 (n = 50) t P1E

cTnl (ng/mL)¥&)7 H 0.041 +0.018 0.039 +0.017 0.566 0.573
¢Tnl (ng/mL)¥AIT 5 1 M H 0.028 £0.014 0.036 £0.016 -2.571 0.012
CK-MB (U/L)¥& 7 Hif 18.46 +4.21 18.92 +£437 —0.543 0.588
CK-MB (U/L)#&¥7 ) 1 M A 14.83 +3.76 17.25+4.08 -3.042 0.003
LDH (U/L){R¥7 i 214.62 +36.84 218.15+38.27 —-0.475 0.636
LDH (UL)#&T/E 1 M H 186.47 £32.59 204.88 £35.41 —2.686 0.009

3.3. MEREMAREFIEIRLE
WIT 1A, AMRIDIEA PR FEAR I BT R, ZR ARG AR (P <0.05), W& 3.

Table 3. Comparison of hemorheological parameters between two groups of patients (X s )

3. RMABEMBREFIEIRER(X £5)

Fehm Xt E] R FIRPHELH (n = 50) HEIEMRE (n = 50) t 8 P&

V)% BE (mPa-s) i6 9T 1 4.87 +0.58 4.82 +0.61 0.421 0.675
Y% (mPa-s)iaIT e 1 A 421 +0.49 4.56 +0.54 -3.404 0.001
K V)% & (mPa-s)i6 7 Al 1296 £2.11 13.08 £2.24 -0.278 0.782

& YIZ B (mPas)ia97 5 1 A H 10.74 +1.83 12.21 £2.04 —3.748 <0.001
122 Z4E (mPa-s) VAT /I 1.62+0.18 1.64 +0.19 -0.541 0.590

I 3% %5 (mPa-s)iAI7JE 1 A 1.43+0.15 1.55+0.17 -3.725 <0.001
EALVRYTHT 2.91+0.46 2.88+0.44 0.333 0.740
EALVGYT G 1M H 2.41+0.38 2.68 +£0.41 -3.420 0.001

3.4. AR EE ME AR ThREIRFRELER
WIT 1A HE, FURIPPEA vWE. Ang 11, ET-1 KPR T4RIEMA, VEGF K TARIENA, =
S EA G FE (P <0.05), W& 4,

Table 4. Comparison of vascular endothelial function parameters between two groups of patients (X 5 )

4. MEBREMERNRINEEIEIRLLER (X £5)

FaR B B ) FRIDHELH (n = 50) PR (n = 50) t 5 P1E
VWF (%)7697 Rl 168.42 +29.36 171.08 +31.14 —0.446 0.657
vWF (%)i597 )5 1 A 142.67 £26.51 158.94 +28.73 —-2.939 0.004
Ang I (pg/mL)i&¥7 /il 94.83 +18.27 96.14 +17.95 -0.360 0.720
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Ang 11 (pg/mL)i&I7 )5 1 4~ H 78.56 +15.84 89.72 +16.61 —3.440 0.001
ET-1 (pg/mL)¥&J7 Hif 2.41+0.52 2.46 £ 0.55 -0.477 0.635
ET-1 (pg/mL)¥&¥7 5 1 ™ H 1.86 +0.43 2.17+0.48 -3.357 0.001
VEGF (pg/mL)i&77 i 216.84 + 3891 219.37 £ 40.25 -0.318 0.751
VEGF (pg/mL)i&J7 )5 1 ™A 252.36 +42.18 228.91 +39.74 2.878 0.005

3.5. SEFMBTUERTTRE S

HEFpR 2 50 ) B3 AL 58 A INR BRI 427 U, AN 8.54 K. R AEARIE T H 001 TTR
(62.3+£11.5)%, FLIECN 64.1%. HH, TTR=>65%MEH 21 11(42.0%), 50% < TTR < 65%1]HE# 17 H
(34.0%), TTR < 50%M 7 12 #1(24.0%). INR [HIEBNTEHEN 1.2~4.8, H INR < 2.0 k% 102 &
(23.9%), INR > 3.0 fI7KEL 59 R (13.8%), BB HIGEIT & RE 161 R(37.7%).

3.6. MEBEREMLER/LLBEE 1 F)
BEDTIIE], AERIDHELLA A S A A A R AR TRk 4L, 257 A Gt 22 (P < 0.05);
PR SE A R AR IR, ZR ARG SR (P <0.05), W& S.

Table 5. Comparison of safety outcomes between two groups of patients [n (%)]

=5 MAEREREMERELER D (%)]

ey SEiTan FURIPIELH (n = 50) MR H (n = 50) 21E P
K H I 2 (4.00) 7 (14.00) 2.965 0.085
e PR AH S K H I 5(10.00) 11 (22.00) 2.667 0.102
AT AT HA 1f =4 7 (14.00) 18 (36.00) 6.444 0.011
SRR A 3 (6.00) 9 (18.00) 3.840 0.050
RGMEREIE 1 (2.00) 4 (8.00) 1.889 0.169

4. ig

FEIERGE AL 00 55 BRAI(NV AF)-5 AR 4 552 90 P 20 0k o8 REAE AL A B A% (ICAS ) & ik Lk A v P K EL [
MTH I TR BENS, IR Ll CoVE A 2855 RSN KRR A A e A AT VR OB IR 28 o 4 52 3%
JRTT o BT AR R E G A DU SRS AT IR, (EDR 3R “XUE e ” IRAES, ) i om 5
PAfe RAIF 3R B » AT58R Z ien ZR R AE R 2 R0, RSO S R SR X HE ) [6] [ 7] A 48 1 AR B 25 ST A R
BRI AR TN RS e, AR O™ Z 0 IS5 28 1 R v BT AAEE[8]. B
P IRBUBELG M VD BE, DAILASE B2 AXEN 5 R SE A R 22 PR AL, £ 55 BAE rh Ji87 vh ALz 9]
SRMHAE A IFEE ICAS X455 i fE WAL P ISR A RN, JCHGR X S RS S ML BGATAR 2 HOTE LE A
HARPTE W] AW TCHEE — IATHEVERA SIS, 2 4RSI = 40hr & 1 SEREHIIRIRES AT, V15
W TRV HE SRR R B F R R ZE 5, v MR T SR Bt 1R BRI -

ABHFRGIR LR, 0975, PRI PEAE SCELAT4E 3 1 JEL(FIB) /K1 S 25 AR AR [T I, st o g i IS
() (PT) FA) SaE A MR JB2 328 /N T 0P AL, 17 9% A 708 2 AL 3% g T 1) (APTTT) AR I B 18] (TT) MU BE S G . I
— RS P G EENL ] V) 6 AR BRI e B ] Xa [R5, SR 1AL B 8D
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B, WIEAT 12 TP ARSI F ThRE I HTEE T, A& 2l AR [ 10]. AR, Hevgspiodd # i 4 4E
7 K R R R, S22 Pt A 1 1A R, BB s ok, RIWA PT KIRIZIAAL, 1Xn]
RE S T B AR E IPLBRIRES « FIB AR EEIRY), 752 2R AEAR G, KPR T s 5 R
PR /Dt LB 5 B S REOE B [ 1] X FARST “ A 240" MIPTieiia, nRER G 8 & 2RIk DT
HE I PR 5K ) L S A B A

KRG RER, WEITE, FRIPEIA R GUIES 8 1(cTal). WLIERELEE A L EF(CK-MB) & FLEZ fii
MG (LDH) /K25 5 K T 05K 4 . NVAF B3 EAAE IR O L5, 1K 50 55 ThRERRRG . Tke 28 1
PP SRS A [ 12]. FRIDHR@E I Ak FaE Hhmf] Xa K7, AT BESE A Rk T 0 5 K bR 3l bk
WA U AR T, AT 1O LR A S SR BT . St 1M g A B B s PR 2 AN I T
P, AR s/ FT RE TR BE AR 1O LA B ) 2 PR AT 13 ]

FECCE MR A SRS TT T, AP HETN oRm AR 3 . AR T RN, FIIDIE AR 5 250 PR 4 i
W ARTIZNE . MR O R TE BU(BAD . X FAIFEE ICAS (R, A i 7 e v v P A il
B ARIG A R0, LR e P (AT AT 34 02 mT B I R HE v XU« RV Pl I BRI FIB ZK-F R4
e MR 5 T 1) A AR SR AR, B GE T MR BN R PE[ 14]. SENEBR, HARE BT BN 8 5 1
AR T H T 6 DN BR AR AL LU AE (INR) S SN H LR “ it - A" R U4, A T 4 Re s 4 e
MRS, BEAERFFCRM, H0] Xa IR 0l oot S i i 20 23 0 B A i e[ 15]. DRk, RIS BEXE i
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