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Predictive value of cardiac biomarkers for post-stroke mortality risk
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[Abstract] Objective: To investigate the predictive value of N -terminal pro-brain natriuretic peptide (NT - proBNP) and high -
sensitivity cardiac troponin T Chs-¢TnT) for long-term mortality risk in patients with acute ischemic stroke (AIS), and to develop and
validate corresponding prediction models. Methods: This single - center retrospective study consecutively enrolled AIS patients who
underwent thrombectomy at the First Affiliated Hospital of Nanjing Medical University between January and December 2022, with a 2-
year follow up. Cox regression and LASSO regression were used to identify factors associated with all-cause mortality. Three predictive
models were constructed: a basic model, Model 1 (basic model + NT-proBNP) , and Model 2 (basic model +hs-cTnT) , the predictive
performance of these models was compared. Results: A total of 230 AIS patients were included in the final analysis and were randomly
assigned to the training set (n=146)and testing set(n=84) at a 3:2 ratio. During follow-up, 83 all-cause mortality events occurred, with
a mortality rate of 37.2%. Multivariate Cox regression showed that for every 1 000 pg/mL increase in NT-proBNP, the 2-year all-cause
mortality increased by 27% (HR=1.27,95% Cl: 1.15-1.40, P <0.001) , while In (hs-c¢TnT) elevation showed no significant association
with mortality risk (HR =1.11,95% CI: 0.89-1.38, P=0.372). Cox regression and LASSO regression identified the following mortality-
related variables: history of atrial fibrillation, postoperative National Institutes of Health Stroke scale (NIHSS) score, baseline

hemoglobin, white blood cell count, and random blood glucose, which formed the basic model. The area under the curve (AUC) values
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for the basic model were 0.816 (training set) and 0.778 (testing set). Model 1 achieved higher AUC values (0.866 and 0.799,
respectively) , demonstrating improved predictive ability. Model 2 showed limited improvement (AUC=0.811 and 0.788). Conclusion:

NT - proBNP is an independent predictor of all - cause mortality in AIS patients and enhances performance of traditional clinical

indicator models, supporting individualized management of AIS.

[Key words] acute ischemic stroke; N-terminal pro-brain natriuretic peptide; high-sensitivity cardiac troponin T; predictive models
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Table 1 Baseline characteristics of the training set and testing set
Characteristic Total (n=230) Training set(n=146) Testing set(n=84) vz P
Age(years,x £ 5) 67.6 +13.7 67.5+14.2 67.9 +12.8 0.188* 0.851
Sex[n(%) ] 0.017° 0.897
Male 145(63.0) 93(63.7) 52(61.9)
Female 85(37.00 53(36.3) 32(38.1)
Height[cm, M(Pas, Prs) ] 170.0(162.0,175.00  170.0(162.0, 175.0) 170.0(162.0,175.0)  -0.070" 0.944
Weight[ kg, M(Pss, Pss) ] 69.0(60.0,75.0) 69.0(60.0,75.0) 70.0(60.3,75.0) 0.162" 0.871
BMI(kg/m®, x + 5) 23.7+2.9 23.6+2.6 238+34 0.460" 0.647
Pre-stroke mRS score[ n(%) ] NA'" 0311
0 197(85.7) 122(83.6) 75(89.3)
1 24(10.4) 18(12.3) 6(7.1)
2 6(2.6) 5(3.4) 1(1.2)
3 3(1.3) 1€0.7 2(2.4)
In-hospital stroke[n(%) ] 9(3.9) 4(4.3) 5(3.4) NA®  0.727
Comorbidity[n(%)]
Hypertension 171(74.3) 107(73.3) 64(76.2) 0.108° 0.742
Diabetes 62(27.0) 41(28.1) 21(25.00 0.125° 0.724
Coronary disease 48(20.9) 28(19.2) 20(23.8) 0.441° 0.507
Atrial fibrillation 70(30.4) 46(31.5) 24(28.6) 0.100° 0.751
Heart failure 45(19.6) 28(19.2) 17(20.2) <0.001° 0.982
Valvular heart disease 2109.1) 14(9.6) 7(8.3) 0.006° 0.936
Cardiomyopathy 4C1.1D 3(2.1) 1€0.2) NA'  >0.999
History of stroke and embolism 56(24.3) 35(24.0) 21(25.00 <0.001° 0.988
Chronic kidney disease 12(5.2) 6(4.1) 6(7.1) NA®  0.363
Malignant tumor 19(8.3) 13(8.9) 6(7.1) 0.048 0.827
Rheumatologic and autoimmune disease 4C1.D 3(2.1) 1€0.2) NA'  >0.999
Pre-stroke surgery 14(6.D 11(7.5 3(3.6) 0.854° 0.356
Medication history[n(%) ]
Antihypertensive drugs 149(64.8) 95(65.1) 54(64.3) <0.001° >0.999
Antidiabetic drugs 48(20.9) 26(20.8) 22(26.2) <0.001° >0.999
Lipid-lowering drugs 47(20.4) 26(17.8) 21(25.0) 1.283° 0.257
Antiplatelet drugs 46(20.0) 23(18.4) 23(27.4) 0.168° 0.682
Anticoagulants 36(15.7) 19(15.2) 17(20.2) <0.001° 0.991
Admission status
SBP(mmHg, % £ s) 139.0 £ 20.1 139.0 £ 20.0 138.0 £20.5 -0.318" 0.751
DBP(mmHg,x + 5) 79.4 +12.7 79.8 +13.0 789 +12.1 -0.512* 0.609
Heart rate[ beats/min, M(Pas, Pss) ] 79.0(72.0,88.7) 78.0(70.2,89.7) 80.0(72.0, 88.0) 0.851" 0.394
Postoperative NTHSS[ (%) ] 0.152° 0.985
Mild(1-4 points) 41(17.8) 27(18.5) 14(16.7)
Moderate(5-15 points) 96(41.7) 60(41.1) 36(42.9)
Moderate to severe(16—20 points) 28(12.2) 18(12.3) 10(11.9)
Severe(21-42 points) 65(28.3) 41(28.1) 24(28.6)
Laboratory tests
Glucose[ mmol/L, M(Pss, P35) ] 6.5(5.0,8.7) 6.4(5.0,8.7) 6.7(5.0,8.6) -0.067" 0.947
ASTLU/L, M(Pss, Pss) ] 24.109.1,32.5) 24.1(19.7,32.0) 24.2(17.2,32.7) -0.648" 0.517
ALTLU/L, M(Psss Prs) ] 15.7(11.6,22.9) 15.9(11.7,23.1) 15.6(11.5,22.6) -0.296" 0.767
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Total (n=230)

Characteristic

Training set(n=146) Testing set(n=84) v P

TCLmmol/L, M(Pss, Ps5) ] 4.2(3.5,5.0) 4.3(3.6,5.0) 3.9(3.3,5.0) -1.473" 0.141

LDL-C(mmol/L,x # 5) 2.62 +0.79 2.65+0.72 2.56 +0.91 -0.718" 0.474

HDL-CLmmol/L, M(Pss, Pss) ] 1.1€0.9,1.2) 1.1€0.9,1.2) 1.0(0.9,1.2) -0.792" 0.428

TGLmmol/L, M(Pss, Pys) ] 1.2€0.9,1.5) 1.2€0.9,1.5) 1.2€0.8,1.6) 0.082" 0.934

Creatinine pmol/L, M(Pas, P35) ] 70.5(59.9,85.8) 68.1(59.0, 86.0) 72.5(61.0,85.7) 0.858" 0.391

eGFR[mL/(min-1.73 m*), M(Pxs, P:»)]  75.0(59.9,99.5) 76.4(58.7,103.1) 74.5(61.2,93.1) -0.515" 0.607

Hemoglobin[ g/L, M(Pss, Ps5) ] 136.00123.3,147.0) 138.0(125.0,148.0)  134.0(121.5,144.2) -1.625" 0.104

WBCLX10°/L, M(Pas, Pys) ] 9.2(7.1,10.8) 9.2(7.2,10.9) 9.1(6.8,10.8) -0.275" 0.784

CRPLmg/L, M(Pss, Py;) ] 5.0(5.0,11.1) 5.0(5.0,9.8) 5.0(5.0,18.2) -1.155" 0.248

NT-proBNP[ pg/mL, M(Pss, P35 ] 1026.0(341.6,2 261.7) 999.6(341.6,2 240.5) 1059.2(379.1,2 267.7) 0.013" 0.986

hs-cTnTLng/L, M(Pas, P35) ] 13.7(8.2,24.7) 12.8(7.8,22.1) 14.1(9.1,28.0) -1.263" 0.215

PTLss M(Pss, P55) ] 11.7¢(11.2,12.4) 11.7(11.2,12.3) 11.8(11.3,12.5) -0.875" 0.380

INR 1.02€0.97,1.08) 1.02€0.97,1.07) 1.03(0.98,1.09) -0.872" 0.384

APTTLs, M(Pss, P+s) ] 26.8(25.1,28.1) 26.6(24.8,28.3) 26.8(25.4,28.0) -0.353" 0.719

D-dimer[ mg/L, M(Ps, Ps5) ] 0.98(0.41,2.76) 1.15(0.48,3.04) 0.76(0.39,2.36) -1.646" 0.099
Imaging[ mL, M(Pss, P35) ]

Ischemic volume 134.7(78.2,191.7)  140.5(76.7,196.0) 127.4(82.5,179.5)  —0.692" 0.483

Core infarct volume 7.000.0,34.7) 9.0€0.0,34.7) 3.5(0.0,34.5) -1.204" 0.227
ASPECTS[n(%) ] NA‘  0.833

0 4(1.7D 3C2.1) 1(1.2)

1 1(0.4) 1€0.7) 0€0)

2 7(3.0) 5(3.4) 202.4)

3 14(6.1) 10€6.8) 4(4.8)

4 29(12.6) 22(15.1) 7(8.3)

5 28(12.2) 16(11.0) 12(14.3)

6 31(13.5) 21(14.4) 10(11.9)

7 26(11.3) 14(9.6) 12(14.3)

8 40(17.4) 25(17.1) 15(17.9)

9 30(13.0) 17¢11.6) 13(15.5)

10 20(8.7) 12(8.2) 8(9.5)

a: Continuous variables with a normal distribution were compared using Student”s t-test, and the test statistic reported was the ¢-value. b: Continuous

variables with a non-normal distribution were compared using the Mann-Whitney U test, and the test statistic reported was the Z-value. c: Categorical

variables were compared using Pearson’s chi-square test, and the test statistic reported was the y*-value. d: For categorical variables with expected cell

counts less than 5, Fisher’s exact test was used, and no test statistic was reported. BMI: body mass index; mRS: the modified Rankin scale; SBP: systolic

blood pressure; DBP: diastolic blood pressure; NIHSS: national institutes of health stroke scale; AST: aspartate aminotransferase; ALT: alanine amino-

transferase; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglyceride; eGFR: esti-

mated glomerular filtration rate; WBC: white blood count; CRP: C-reactive protein; NT-proBNP: N-terminal pro-brain natriuretic peptide; hs-¢TnT: high-

sensitivity cardiac troponin T; PT: prothrombin time; INR: international normalized ratio; APTT: activated partial thromboplastin time; ASPECTS: alberta

stroke program early CT score.
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Table 2 Multivariable Cox regression analysis results of 2-year all-cause mortality risk in AIS patients
o Basical model Model 1 Model 2
Characteristic HR(95%CD) P Ceindex HR(95%CD P Ceindex HR(95%CD P C-index
0.789 0.835 0.781
History of AF 2.35(1.32-4.16)  0.003 1.89(1.06-3.36)  0.030 2.24(1.26-4.00) 0.006
Postoperative NTHSS 1.06(1.03-1.09) <0.001 1.06(1.03-1.10) <0.001 1.06(1.03-1.09) <0.001
Hemoglobin(10 g/1.) 0.78(0.69-0.89) <0.001 0.79€0.69-0.91) <0.001 0.79€0.69-0.90) <0.001
WBC(x10°/L) 1.12(1.04-1.21)  0.004 1.14(1.05-1.23) <0.001 1.10(1.02-1.20)  0.017
Glucose (mmol/L) 1.12(1.02-1.24>  0.015 1.18(1.07-1.31) <0.001 1.13(1.03-1.25) 0.011
NT-proBNP(x10° pg/mL) - - 1.27(1.15-1.40) <0.001 - -

InChs-c¢TnT) (ng/L)

1.11€0.89-1.38) 0.372

Model 1: basic model plus NT-proBNP; Model 2: basic model plus hs-¢TNT. AIS: acute ischemic stroke; AF': atrial fibrillation; NIHSS: National In-

stitutes of Health Stroke Scale; WBC: white blood count; NT-proBNP: N-terminal pro-brain natriuretic peptide; hs-c¢TnT: high-sensitivity cardiac troponin T.
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A:ROC curve of 2-year all-cause mortality risk prediction model in AIS patients of the training set (n=146). B: ROC curve of 2-year all-cause mor-

tality risk prediction model in AIS patients of the testing set(n=84). Model 1: basic model + NT-proBNP; Model 2: basic model + hs-cTnT.
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Figure 2 Calibration curve of 2-year all-cause mortality risk prediction model in AIS patients
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Figure 3 Nomogram of 2-year all-cause mortality risk prediction modell in AIS patients
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EWRR EY TN AL 5 /b . — 1512020 4E Meta 23 AT hs-cTnT AR (N FE 24 h P/H B2 1T =0.834, 95% Cl:

7, NT-proBNP FH 5 32 25 14 0 ALS 5835 1) 4 K At
T2 K (OR=2.43, 95%Cl: 1.62~3.64)"™ . — TR M
Z 0y AILS BAF B 580 AIE 552, 1 NT-proBNP F8 35 (1)
AIS KU 2 I NT-proBNP 5835 1) 2 £i , #F 70 65 NT-
proBNP g\ ALS JAU: T ASE 2 5 , 455 284 (%) T e
B 53— U 0K NT-proBNP g N JE T4
U4 FINTHSS V23 (BB v, 5 30 ] 2 4% v B2 ATS
B VA RIS T GE 0™ FEAHF 7, NT-
proBNP # W B 1 158.64 pg/mL A 1 A il R 45
JRIFRITEAE 73 5 s, KT I — BB ) ALS J A0 T XU
AN 3 5 (HR=4.18) » (HIX—BI{E B2 & T LAE
i FCARIE ) 476 pg/mLPF1 750 pg/mLP" . X Fih 2 57
Al e S FEAFERRHIEA 00, B2 U AR 1) 238 ALS
ST E, - ORI R AR 2 R 7 R R B i, A
1133 NT-proBNP 45" 1fif NT-proBNP 7 JE HUA%:
B P TIAN A, A AT TRIE . SR
V152 FLHEE VR YT 1) ALS J835 20 i ik s A 2H AR
MBI T 4. 45 R IR, NT-proBNP 7E P 4 B 3 i 1y
53 ABRTZ ST AR G, Horh g ik i 2 HR N
1.465 (95% CI: 1.169~1.836) , HU#2 16 97 41/ HR Ky
1.563(95%CI: 1.139~2.145)" . 5&F NT-proBNP 55
BIEAIS EE TG R R, W 57032 W NT-proBNP 7E
— B AT PR BT ALS A T 1 T e
EEFMMEAE P EEZAIS BENARBUGHE N
BEP Rk, ARSI TER AR B T
EHMETEEEE.

C 5 KA 7L S hs-cTnT 5 AIS B3 JE T X
W 2 25 AH 5GP BARHE L, hs-cTnT 55 AIS %
()4 PRIBE T UG 5% 2R BAF- AN 235, W RE ) J IR A
OKZHHT 50K 14 ng/LAE NI FAEHE hs-cTnT 43
2 Y, B R DY 4 6 H 5 T 4 HHLHEAT B
hs-cTnT=14 ng/L #2755 7 G& 0 WIL45 %5, 1X LE In Chs-
¢Tn'T) 5 B H. 58 A I PR PT A R % s @FE A=A
XN, A ED, AT R R B A RE AN 2 . A
GRS, JLH 489 2 RIFE T F 4, S H A PR
A RERS MR (K Ra i . 7R NI AR (n=230) 6
WERE AL 2, 35K hs-cTnT 4% H =70 848 5 (14 ng/L A
FO MG, KB hs-cTnT 5 FE T XU i 5 Bk 4 14 2
TRFEMNS % E R (HR=1.90, 95%CI: 1.17~
3.09, P=0.009) ; @ & Z I Ml hs-cTnT [ 8) &A%
1o BEAEWT T B, hs-cTnT B AR AL 7] BE BB 7k
N2 B R S B AR IR R TS o« — IR T LR AR T
AN 24 h N5 H BERT hs-cTnT 7KF, KIWABE 24 h

0.819~0.848, P < 0.00D™, 5 —T0hfF 78 KB, N Bkt
[ hs-cTnT 5 AT R TC 2 35 AH 9% 4 (OR=1.21,95%
ClI: 0.51~2.89, P=0.668) , {H 24 hs-cTnT 3l 5 & 1h =
20%HF , BT RS BH 2 34 111 (OR=5.35, 95%CI: 1.22~
23.54, P=0.026)" . X LB FHE IR, AN 3E TN B I
hs-cTnT FE47 5 I 5 1T B TGV AE A T ZE T XU,
1M 245 W I hs-cTn'T 2844 %577 5 58 2 I R 1A s
@AIS J& hs-cTnT F = FIIEAENLH . AIS 5, hs-cTnT
(T AN S B Th AN 4= 18 0 ) 3238 | O LA
HEAT LI O L5 R D6 5 38 1T B 5 4 22 5 o LT
I (neurogenic stunned myocardium, NSM) 4 B4,
NSM 975 R4 AIE 2 30 A 0o UL A0 i 7K 37 B0 A0 46 77 2R
B, Fo PR BN hs-cTnT T 5 PL K O B P 57 o
04 BB A AT DL e JUE R S R0 I HEAT SR
H H T NSM FHCo A5 1) 12 W b 1 350 2 8, (45 58
U B S A DL X 3P Rk, TEAIS R, 45 A
hs-cTnT 2% A0 35 L 5245 224G A (o) BLRZ IR R
TP, KT UERA X 7> NSM 5 088 BL K A5 ATS 5
Je B 4 G FE 8

FE LR 2R Cox [BIH A3 AT o, AR08 5 4 BRI BE T X
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P F A P AR B TR, R B MR B AR

A RAFAEST TR 58—, K5 srh
O, BEAREA M, AR S R EtE. £ K
W FE AR PEAL NT-proBNP Fl hs-c TnT BN 22 4K, 75 )5
SRS T 7 B R O T AR AR
Ak AN AIS Tl 5 2. 25 =, R AR T
N T O EA bR W) AB R 25 A 75 0 3 B sl i
FlEAR SR b, KRG Z A SRR
B EAL o 28 DU, ALY R R = A1 A S 56 4IE, 32 AK e
TG Rt — 50, Ja S0 70 75 51 N R UBE gk
SEREAR DGR Hofa e tE SRR IE M. 26 1, 39
HEL Iy RS B AN 5 80 T AU 25 D) AR G, T A
FAFEE RGN, VT e 5] NG 1E TR 2= W, KR
O] 7 75 e 5 e R R A I R S B A AR R A
o BN, AUFTUR MR A B R0 U S A
REHE , TeVEVEAS H XS NT-proBNP Al hs-¢TnT A Tl J5
AR RIS EAN RN, J5 SE i TR b 78 AH 3
P FEEATIRN 3T

gE LRTIR, AR FULE T NT-proBNP & AIS i
HARIABE T KRS AL S B TR 2R, FEUE SR gy AN T]



* 852 - [T

R

4555 6 1

7ok 202546 /]

RTHE GE i RAR PR AL 1 TN AL RE L Ah, AW 7T
R T HVERIEL, AAE T PR SR B A K

lERLE LR

P 1R PR AT AER 28 R

Conflict of Interests:

No conflict of interest.

EE TR FR:

H A SRR R Gt o i MRS SR AR . R

VEN ISR DB SIS Ve iy S i s VI S 2B S 7
Y FF BT T 5 58 0 SCEREAT B O A%

Author’ s Contributions:

XIA Yaodongqin performed data curation, statistical analy-

sis and drafted the manuscript. JIAO Jincheng, CAO Yuezhou,

and LIU Sheng collected data and performed statistical analysis.

LI Mingfang and CHEN Minglong proposed and designed the re-

search plan, reviewed the manuscript.

(&% k]

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

FEIGIN V L, BRAININ M, NORRVING B, et al. World
stroke organization(WS0): global stroke fact sheet 2022[J].
Int J Stroke, 2022, 17(1): 18-29

SCHEITZ J F, SPOSATO L A, SCHULZ-MENGER ], et
al. Stroke - heart syndrome: recent advances and chal-
lenges[J]. J Am Heart Assoc,2022,11(17):e026528
LETTOW I, JENSEN M, SCHLEMM E, et al. Serious ad-
verse events and their impact on functional outcome in
acute ischemic stroke in the WAKE-UP trial[J]. Stroke,
2021,52(12):3768-3776

SPOSATO L A, HILZ M J, ASPBERG S, et al. Post-stroke
cardiovascular complications and neurogenic cardiac inju-
ry: JACC state-of-the-art review[J]. ] Am Coll Cardiol,
2020,76(23):2768-2785

BUCKLEY B J R, HARRISON S L, HILL A, et al. Stroke-
heart syndrome: incidence and clinical outcomes of cardi-
ac complications following stroke [J]. Stroke, 2022, 53
(5):1759-1763

HEUSCHMANN P U, MONTELLANO F A, UNGETHUM
K, et al. Prevalence and determinants of systolic and dia-
stolic cardiac dysfunction and heart failure in acute isch-
emic stroke patients: The SICFAIL study [J]. ESC Heart
Fail, 2021,8(2):1117-1129

FAN 'Y, JIANG M L, GONG D D, et al. Cardiac troponin
for predicting all - cause mortality in patients with acute
ischemic stroke: a meta-analysis[J]. Biosci Rep, 2018, 38
(2):BSR20171178

GARCIA - BERROCOSO T, GIRALT D, BUSTAMANTE
A, et al. B-type natriuretic peptides and mortality after
stroke: a systematic review and meta-analysis[J]. Neurol-

ogy,2013,81(23):1976-1985

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

ZHAO Y H, GAO H, PAN Z Y, et al. Prognostic value of
NT - proBNP after ischemic stroke: a systematic review
and meta - analysis of prospective cohort studies [J]. J
Stroke Cerebrovasc Dis,2020,29(4): 104659
AT A E A Bl A I PR &
3N AL R LT ). F At EER R A 22 4R CH 2R 2
R ,2017,37(2):227-230

PAN X D, YANG J, WANG J, et al. Clinical characteris-
tics and 3-month mortality predictors of ischemic stroke[J].
Journal of Nanjing Medical University (Natural Sciences),
2017,37(2):227-230

THRER RNy =, TRESE M AR ¥
S ME R A, 22 3K, 55 o E Sk sk i A
2R #2023 [) ] AR A 22 ROk S 2024, 57 (6) -
523-559

Chinese Society of Neurology, Chinese Stroke Society.
Chinese guidelines for diagnosis and treatment of acute
ischemic stroke 2023[J]. Chinese Journal of Neurology,
2024, 57(6):523-559

World Health Organization. ICD-10 Version: 2019 [EB/
OL]J. [2025 - 03 - 08]. https://icd. who. int/browse10/
2019/en

MCDONAGH T A, METRA M, ADAMO M, et al. 2023
Focused update of the 2021 ESC guidelines for the diag-
nosis and treatment of acute and chronic heart failure[J].
Eur Heart J,2023,44(37):3627-3639

WANG W J, RUDD A G, WANG Y Z, et al. Risk predic-
tion of 30-day mortality after stroke using machine learn-
ing: a nationwide registry - based cohort study [J]. BMC
Neurol,2022,22(1):195

VINDING N E, KRISTENSEN S L, RORTH R, et al. Isch-
emic stroke severity and mortality in patients with and
without atrial fibrillation[J]. ] Am Heart Assoc, 2022, 11
(4):e022638

FUERY M A, LEIFER E S, SAMSKY M D, et al. Prognos-
tic impact of repeated NT-proBNP measurements in pa-
tients with heart failure with reduced ejection fraction[J].
JACC Heart Fail, 2024, 12(3):479-487

TOPRAK B, WEIMANN J, LEHMACHER ], et al. Prog-
nostic utility of a multi-biomarker panel in patients with
suspected myocardial infarction [J]. Clin Res Cardiol,
2024, 113(12):1682-1691

SAEED N, STEIRO O T, LANGORGEN J, et al. Diagnos-
ing myocardial injury in an acute chest pain cohort; long-
term prognostic implications of cardiac troponin T and I[J].
Clin Chem,2024,70(10): 1241-1255

CHEN X 'S, GU J J, ZHANG X J. Brain-heart axis and the
inflammatory response: connecting stroke and cardiac dys-

function[J]. Cardiology, 2024, 149(4): 369-382



5545 55 6 1

HPRAES, SRR, M, 5. OO R A A JE SR T U B AR L .

202546 H i BR RS2 A4 CE AR BHERRD , 2025, 45(6) : 844-853 + 853
[20] FAN X H, CAO J Y, LI M X, et al. Stroke related brain- stroke[J]. Neurology, 2013, 81(5): 444-447

[21]

[22]

[23]

[24]

[25]

[26]

[27]

heart crosstalk: pathophysiology, clinical implications,
and underlying mechanisms[J]. Adv Sci (Weinh) , 2024,
11(14): 2307698

SHEN X Z, LIAO J, JIANG Y, et al. Elevated NT-proBNP
levels are associated with CTP ischemic volume and 90-
day functional outcomes in acute ischemic stroke: a retro-
spective cohort study[J]. BMC Cardiovasc Disord, 2022,
22(1):431

CUSHMAN M, JUDD S E, HOWARD V J, et al. N-termi-
nal pro-B-type natriuretic peptide and stroke risk: the rea-
sons for geographic and racial differences in stroke co-
hort[J]. Stroke, 2014,45(6): 1646-1650

PITLIYA A, ALEDANI E M, BHANGU J K, et al. The im-
pact of elevated troponin levels on clinical outcomes in pa-
tients with acute ischemic stroke: a systematic review[J].
Ann Indian Acad Neurol, 2023,26(5): 641-654

DI CASTELNUOVO A, VERONESI G, COSTANZO S, et
al. NT-proBNP (N -terminal pro-B-type natriuretic pep-
tide)and the risk of stroke[J ]. Stroke, 2019,50(3): 610~
617

MONTELLANO F A, RUCKER V, UNGETHUM K, et al.
Biomarkers to improve functional outcome prediction af-
ter ischemic stroke: results from the SICFAIL, STRAWIN-
SKI, and PREDICT studies[J]. Eur Stroke J,2024,9(4):
968-980

SRISUJIKUL P, THIANKHAW K, TANPRAWATE S, et
al. Serum NT-proBNP level for predicting functional out-
comes after acute ischemic stroke [J]. Sci Rep, 2023, 13
(1):13903

RODRIGUEZ - YANEZ M, ARIAS - RIVAS S, SANT-
AMARIA-CADAVID M, et al. High pro-BNP levels pre-

dict the occurrence of atrial fibrillation after cryptogenic

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

ZHANG X T, YAN S Q, ZHONG W S, et al. Early NT-
ProBNP (N - terminal probrain natriuretic peptide) eleva-
tion predicts malignant edema and death after reperfusion
therapy in acute ischemic stroke patients [J]. Stroke,
2021,52(2):537-542
WILLEIT K, BOEHME C, TOELL T, et al. High-sensitivity
cardiac troponin T and cardiovascular risk after ischemic
stroke or transient ischemic attack[J]. JACC Adv, 2024, 3
(7):101022
SCHEITZ J F, LIM J, BROERSEN L H A, et al. High-sen-
sitivity cardiac troponin T and recurrent vascular events
after first ischemic stroke[J]. J] Am Heart Assoc, 2021, 10
(10):e018326
HELLWIG S, IHL T, GANESHAN R, et al. Cardiac tropo-
nin and recurrent major vascular events after minor stroke
or transient ischemic attack [J]. Ann Neurol, 2021, 90
(6):901-912
CHANG X Y, XIA S L, LIU Y, et al. Cardiac biomarkers
are associated with increased risks of adverse clinical out-
comes after ischemic stroke[J]. J Neurol, 2024, 271(9):
6313-6324
FAIZ K W, THOMMESSEN B, EINVIK G, et al. Determi-
nants of high sensitivity cardiac troponin T elevation in
acute ischemic stroke[J]. BMC Neurol, 2014, 14: 96
KENIGSBERG B B, BARNETT C F, MAI J C, et al. Neu-
rogenic stunned myocardium in severe neurological in-
jury [J]. Curr Neurol Neurosci Rep,2019,19(11):90
HELDNER M R, PILGRIM T, WUSTMANN K, et al.
Acute carotid T occlusion in a young patient: cryptogenic
origin[J]. Stroke,2014,45(7): e125-e127

[k BH#A] 2025-02-11

(AR 4%E: BEWS



