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Abstract: Stroke biomarkers reflect the pathological progression of stroke across various dimen-
sions, including neural injury, inflammatory response, coagulation abnormalities, and altera-
tions in the heart—brain axis. The ultrasensitive detection is of paramount clinical value for early
stroke identification, severity assessment, prognosis and rehabilitation. In recent years, biosens-
ing technologies have garnered extensive attention in the field of stroke biomarker detection due to
their high sensitivity and rapid response. This paper systematically reviews recent advances in bio-
sensing methodologies for stroke biomarkers, including electrochemical, colorimetric, fluores-
cent, surface—enhanced Raman scattering (SERS), photoelectrochemical (PEC), and electro-
chemiluminescence (ECL) . Emphasis is placed on summarizing their sensing principles, signal
amplification strategies, and current applications. Furthermore, the challenges facing clinical
translation and future developmental directions are discussed.
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Fig. 2 Schematic diagram of the label—{free impedimetric immunosensing platform for GFAP based on an AuNPs/L~cysteine-mod-
ified electrode ™ (A), Schematic diagram of the electrochemical sensing platform for GFAP based on rGO/PDA-MIP

(B), Schematic diagram of the on—chip GFET-based device platform for GFAP detection ™' (C)
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Fig. 7 MOF-based ratiometric electrochemical immunosensor for NSE
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Fig. 8 Schematic diagram of the dual-mode PEC/colorimetric sensing platform for NSE based on a split—type design
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(E8), LASnO,/Mgln,S,/Zn, Cd, ,SE AW EHERPECIKIE, Ll Au@Fe,0, 44K R 1E H —Hibric fiS2
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AT RS He . EOG, MEVAE MEREEM IR R, BHIREEARZE | KRR . ZePEVEE L Rl
B ORRRE. PUTIREE T . SO ARE S MR IR E RS PE AR bR, AN RIS R R PR A
LIS . HR, B MR IIFRFEASEZ Y R B A SCNE . M2 . BRI
WGIREEAS, JEah & BB LW, R RA | G 2WATEE BT RE L . Ik, Nt
VRS R TITINIR 1 &/ o O AN e~ - S 1| 61 D= T N SN 5 B R ke T e S B iy | e 2 S S Yo 0
BAMEMAPERS IR, dRmieta), e, BT ORI A . XK R T . BEE RN R
MR, SHAEREN 22 ZEIT R AT IH S 5 .

SE Lk

(1] Feigin V L, Brainin M, Norrving B, Martins S O, Pandian J, Lindsay P, Grupper MF, Rautalin 1. Ins. J.
Stroke, 2025, 20 (2): 132-144.

[2] Asdaghi N, Wang K F, Gardener H, Jameson A, Rose D Z, Alkhachroum A, Gutierrez C M, Ying H,
Mueller—Kronast N, Sur N B, Dong C H, Gordon Perue G, LePain M, Koch S, Krementz N, Marulanda—
Londofio E, Hanel R, Mehta B, Yavagal D R, Rundek T, Sacco R L, Romano J G. Stroke, 2023, 54 (3):
733-742.

[3] RanJ, LiuY, MaH, ZhangY.BMC Med., 2025, 23:. 476.

(4] LiuZ L, YangC, WangX M, XiangY. Front. Neurol., 2021, 12: 634717.

[5] Gao T G, GaoF, Huang W B, Cai)JY, YangH L, Xiong C C, RuanY, LiuS F. Int. Heart J., 2023, 64
(6): 1040-1048.




55 XX e BREE: AT A bR ) A AR A R S Bt 11

Rahmig J, Chanpura A, Schultz A, Barone F C, Gustafson D, Baird A E. Front. Neurol., 2024, 15: 1411307.
Kalra L P, Zylyftari S, Blums K, Barthelmes S, Baum H, Meckel S, Heilgeist A, Luger S, Foerch C. Neurol-
ogy, 2025, 105 (2): e213823.

Dias A, Silval, Pinto M, MaiaLF. Life, 2021, 11 (8): 816.

Koohkansaadi G, Mohagheghi A, Mobed A, Charsouei S. Anal. Sci. Adv., 2025, 6 (2): e70035.

Kinnamon D S, Heggestad J T, LiuJ, Chilkoti A. Annual Rev. Anal. Chem., 2022, 15: 123-149.

Dagonnier M, Donnan G A, DavisSM, Dewey HM, Howells D W. Front. Neurol., 2021, 12: 619721.

Naresh V, Lee N. Sensors, 2021, 21 (4): 1109.

Mostufa S, Rezaei B, Ciannella S, Yari P, Gomez—Pastora J], He R, Wu K. ACS Omega, 2024, 9 (23):
24181-24202.

WulJ, LiuH, ChenW W, MaB, JuH X. Nat. Rev. Bioeng., 2023, 1 (5): 346-360.

Zhang HW, SunZ, SunKQ, LiuQW, ChuWB, FulL, DaiD, LiangZ Q, Lin CT. Biosensors, 2025, 15
(7): 443.

ZengY, WangY H, ZhangY Q. Micromachines, 2025, 16 (11): 1293.

ChenY, JiangH, LiuX, Wang X. Biosensors, 2023, 14 ( 1): 9.

ChuSS, Nguyen HA, ZhangJ, TabassumS, Cao H. Sensors, 2022, 22 (14): 5200.

Tsogka A, Ellul J, Chroni E, Safouris A, Psychogios K, Veltsista D, Kargiotis O. J. Clin. Med., 2025, 14
(21): 7748.

Ferrari F', Rossi D, Ricciardi A, Morasso C, Brambilla L., Albasini S, Vanna R, Fassio C, Begenisic T, Loi
M, Bossi D, Zaliani A, Alberici E, Lisi C, Morotti A, Cavallini A, Mazzacane FF, Nardone A, Corsi F,
Truffi M. J. Cereb. Blood Flow Metab., 2023, 43 (9): 1601-1611.

Mochetti M M, Silva E G P, Correa A AF, Cabette M R, Perissinotti I N, SilvaL O JE, de Souza Pessoa A, de
Oliveira R C, daSilvaLFF, deSouza HP, de Alencar]C G. Sci. Rep., 2024, 14: 2688.

Janigro D, Mondello S, PostiJ P, Unden]J. Froni. Neurol., 2022, 13: 835597.

Sanchez ] D, Martirosian R A, Mun KT, Chong DS, Llorente I L, Uphaus T, Groschel K, Waolfer T A, Tiedt
S, Hinman J D, Group T D S. Front. Neurol., 2022, 13: 841898.

Alsbrook D L, Di Napoli M, Bhatia K, Biller]J, AndalibS, Hinduja A, Rodrigues R, Rodriguez M, Sabbagh S
Y, SelimM, Farahabadi M H, Jafarli A, Divani A A. Curr. Neurol. Neurosci. Rep., 2023, 23 (8): 407-431.
Tirandi A, Sgura C, Carbone F, Montecucco I, Liberale L. Intern. Emerg. Med., 2023, 18 (3): 723-732.
GuoPP, LiHM, ZhangXY, LiuY, XueS, YongV, XueM Z. Mol. Med. Rep., 2025, 32 (2): 1-15.
Barakzie A, Jansen A J G, ten Cate H, de Maat M P M. Res. Pract. Thromb. Haemost., 2023, 7 (4): 100160.
Yuan B, YangT, YanT, ChengW K, Bu X C. Front. Neurol., 2021, 12: 670730.

Zhu B, Zhang LM, DuW L, YangJ, TianY, WuMF, WuTX, LingX, LiuYUL, Zhao X Q, ZhaoZG.
Front. Neurol., 2021, 12: 651867.

Scheitz J F, Stengl H, Nolte C H, Landmesser U, Endres M. J. Neurol., 2021, 268 (6): 2284-2292.

Cameron A C, Arnold M, Katsas G, YangJ, Quinn T J, Abdul-Rahim A H, Campbell R, Docherty K, De
Marchis G M, Arnold M, Kahles T, Nedeltichev K, Cereda C W, Ké&gi G, Bustamante A, Montaner J, Ntaios
G, Foerch C, Spanaus K, Von Eckardstein A, Dawson J, Katan M. Neurology, 2024, 103 (3): e209625.
Scheitz ] F, Sposato . A, Schulz—Menger J, Nolte C H, Backs J, Endres M. J. Am. Heart Assoc., 2022, 11
(17): €026528.

Gao XY, LiuD, YueKY, ZhangZY, JiangXF, Luo P. Biomolecules, 2024, 14 (3): 378.

Zhang XD, CaiY E, SitBHM, JianR X, MalkiY, ZhangY L, OngCCY, LiQY, LamRPK, RainerT
H. Int. J. Mol. Sci., 2025, 26 (4): 1530.

Loggini A, Hornik J, Hornik A. Clin. Neurol. Neurosurg., 2024, 244: 108416.

XuYZ, HuY, XuSX, LiuFZ, GaoY. Front. Neurol., 2022, 12: 747380.

Liang Y, ChenJ, ChenY, TongY Y, LiLH, XuY, WuSM. Froni. Neurol., 2025, 16: 1488726.

Babi¢ A, Bonifadi¢ D, Komen V, Kovadi¢ S, Mami¢ M, Vuleti¢ V. Medicina, 2025, 61 (3): 514.

Naranbat D, Herdes E, Tapinos N, Tripathi A. Expert Rev. Mol. Med., 2025, 27: ell.

Alavian F, Khodabakhshi F', Chenary ¥ H. Clin. Chim. Acta, 2025, 567: 120079.

KimJ, JeongJ, KoS H. Bio—des. Manuf., 2024, 7 (4): 548-565.

HuW C, Pang], BiswasS, WangK, WangC, Xia X H.Anal. Chem., 2021, 93 (24): 8544-8552.

MaP, LiuPC, ZhangBH, ZhengQY, WangC, HuW C.J. Electroanal. Chem., 2026, 1015: 120178.

Wang X, HuW, XiaX, Wang C.Adv. Funct. Mater., 2023, 33 (10): 2212798.

Chen X, XiaoTT, LiuYN, LiuZY, ZhangBH, LiuPC, ChenZG, BiLY, ZhengQY, HuWC, Wang
C. Chem., 2025, 31 (33): 202500600.

GaoHL, BaiYC, HeBX, TanCS. Biosensors, 2022, 12 (12): 1180.

WangZ F, LiuSY, ShiZ, LuDX, LiZH, ZhuZG. Talanta, 2024, 277: 126318.

Ozcelikay G, Mollarasouli F, Unal M A, Gucuyener K, Ozkan S A. Biosensors, 2022, 12 (12): 1165.



SR AR (http://www.fxesxb.com) XX &

LiY X, LuoLX, Senicar L, Asrosa R, Kizilates B, XingKZ, Torres E, XuLZ, LiDY, Graham N, Hes-
legrave A, Zetterberg H, Sharp D J, Li B. Adv. Healthc. Mater., 2024, 13 (30): 2401966.

Xu L Z, Ramadan S, Akingbade O E, Zhang Y Z, Alodan S, Graham N, Zimmerman K A, Torres E, Hesle-
grave A, Petrov P K, Zetterberg H, Sharp DJ, Klein N, LiB.ACS Sens., 2022, 7 (1): 253-262.

JinZ C, Yim W, Retout M, Housel E, Zhong W B, Zhou J J, Strano M S, Jokerst J] V. Chem. Soc. Rev.,
2024, 53 (15): 7681-7741.

GengZ X, Miao Y R, Zhang G L, Liang X. Sens. Actuators A , 2023, 349: 114056.

ChenSJ, LuSY, TsengCC, Huang KH, ChenTL, FulL M. Biosensors, 2024, 14 (6): 283.

YeLY, XuLG, KuangH, XuXX, XuC L. Nanoscale Horiz., 2023, 8 (9): 1253-1261.

Toma M, Namihara S, Kajikawa K. Anal. Methods, 2023, 15 (22): 2755-2760.

Wang X, Ding Q, Groleau RR, WulLL, Mao YT, CheF D, Kotova O, Scanlan E M, LewisSE, LiP,
Tang B, James T D, Gunnlaugsson T. Chem. Rev., 2024, 124 (11): 7106-7164.

Gupta R, Gupta P, WangS A, Melnykov A, JiangQS, Seth A, WangZY, Morrissey] ], Georgel, Gandra
S, Sinha P, Storch G A, Parikh B A, Genin GM, Singamaneni S. Nat. Biomed. Eng., 2023, 7 (12): 1556-
1570.

TangJS, WuLL, LinJT, ZhangEY, LuoY. /. Clin. Lab. Anal., 2021, 35 (5): e23752.

Varghese S, Madanan A S, Abraham M K, Shkhair A I, Indongo G, Rajeevan G, Kala A B K, George S. ACS
Appl. Nano Mater., 2024, 7 (23): 27579-27590.

Varghese S, Abraham M K, Shkhair A I, Indongo G, Rajeevan G, Arathy B K, Madanan A S, George S. Anal.
Methods, 2025, 17 (8): 1850-1859.

Varghese S, Madanan A S, Abraham M K, Shkhair A I, Indongo G, Rajeevan G, Arathy B K, George S. Ana-
lyst, 2025, 150 (2): 329-341.

Lee M, Rafiq Sayyed D, Kim H, Sanchez ] C, Sik HongS, ChoiS, Kim H, Han E, Won Kang H, Min Kim
J, Joan M, Kim H, Chae H, Park]J M. Clin. Chim. Acta, 2024, 557: 117872.

LiuW ], ZhangXY, MalF, ZhangCY.TrAC Trends Anal. Chem., 2023, 160: 116998.

Liu W jing, LiHjuan, JiaoZ, WangT, Zhang C Y. Anal. Chem., 2025, 97 (42). 23477-23487.
Serebrennikova KV, Berlina AN, Sotnikov DV, Zherdev AV, Dzantiev B B. Biosensors, 2021, 11 (12): 512.
WangM Y, WanHY, WangYJ, YuanH, NiQB, SunBL, Sun]Y, WangY. Transl. Stroke Res., 2025,
16 (2): 217-226.

Zhao P, Sun]) Y, ZhaoSJ, Song Y N, GaoF, WangH B, NiQB, Wang Y, Sun B L. Microchim. Acta,
2021, 188 (12): 428.

Yuan W W, YuanH, LiRB, YongRQ, Mitrovicl, LimE G, DuanSX, SongP F.Anal. Chim. Acta, 2024,
1301: 342447.

Zhou BM, Taol]Q, Hul, Zhang CY. Biosens. Bioelectron., 2026, 294: 118204.

Xiao G, LiJZ, ZhaoBX, YueZ. Chemosensors, 2025, 13 (9): 344.

Wang Y X, Rong YM, MaTL, LiL, LiX, ZhuP H, ZhouS, YulJH, Zhang Y. Biosens. Bioeleciron.,
2023, 236: 115400.

Zhang Y, LiuDL, ZhangY Y, QianYR, LiCC, QuZF, XuR, WeiQ. Biosens. Bioelectron., 2022, 203:
114047.

XuK, Dail, DuY, LiuL, ZhangN, FengRQ, XuR, WeiQ.Microchim. Acta, 2024, 191 (2). 84.
Monsalve Y, Cruz—Pacheco A F, Orozco J. ACS Sens., 2025, 10 (2): 1493-1504.

Zou H, JiangZ, Bian E, ZhouJ, LiS, YangY, GuoH, LiuY, WuW, DengC.Anal. Chem., 2025, 97
(5): 2724-2735.

GuoJ, KuangGR, LuoDL, YuWQ, ChenlL, FuY Z. Talanta, 2024, 277: 126342.

Giagu G, Fracassa A, Fiorani A, Villani E, Paolucci F, Valenti G, Zanut A. Microchim. Acta, 2024, 191
(6): 359.

Yoo SM, JeonYM, HeoSY. Biosensors, 2022, 12 (9): 738.

Barhoum A, Altintas Z, DeviKSS, Forster R J. Nano Today, 2023, 50: 101874.

Zhu LH, FuWX, ZhuBY, FengQ, YingXD, LiS, Chen), XieXY, PanCY, LiuJ, ChenC, Chen
X, ZhuD H. Talanta, 2023, 262: 124626.

Dong X, DuY, ZhaoGH, CaoW, FanD W, Kuang X, WeiQ, JuH X. Biosens. Bioelectron., 2021, 192:
113505.

LiM, Fang]J L, WangCH, ZhangJJ, LiuL, LiYY, CaoW, WeiQ. Biosens. Bioelectron., 2022, 214:
114516.

Qian M P, ZengY, LiM, GaoQ, ZhangCX, QiH L. Biosensors, 2024, 14 (4): 181.

Salleh B S M. Nanoscale Horiz, 2026, 11 (3): 676-708.

Han QZ, Wang HM, WangJ. Adv. Funct. Mater., 2024, 34 (39): 2403122.

Zhao LH, WuDD, XiaoSQ, YinYG, LiL, WangJC, WuYB, QiuYH, DongY Y. Trac Trends Anal.



55 XX e BREE: AT A bR ) A AR A R S Bt 13

Chem., 2024, 177: 117755.

[87] Zhang N, LengD Q, WangY G, RuZZ, ZhaoGH, LiYY, ZhangD P, Wei Q. Anal. Chem., 2022, 94
(45): 15873-15878.

[88] LiuMX, Jiang R R, Zheng M E, LiMJ, YuQJ, ZhuHD, GuoHL, SunH M. Talanta, 2022, 249:
123577.

[89] Dadmehr M, Mortezaei M, Korouzhdehi B. Biosens. Bioelectron., 2023, 220: 114889.

(e BLF)



