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Neuro-specific serum biological markers associated with

traumatic brain injury

Summary Traumatic brain injury(TBID) is the leading cause of death and disability in patients with various

types of trauma. Assessing the severity and prognosis of TBI can help to rationally use medical resources and

guide treatment. The evaluation of traumatic brain injury severity and prognosis depends on clinical manifestations

and imaging examinations. At present, there are no good biological tools to accurately diagnose traumatic brain in-

jury or dynamic assessment. which cannot reflect the progress of the disease timely and effectively. In recent

years, a large number of studies have investigated serum biomarkers of glial cell or neuron damage, which can be

used as indicators for evaluating the severity of brain injury and the poor prognosis of TBI patients. This article

will review the current TBl-related serum biomarkers in order to provide a reference for further discussion of a bet-

ter TBI prognosis evaluation system.
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ik, AUAEPY S100B 2 40 A P8 T A 43k i B i 55wl
FE T 10 A B L R B RS 2 AR
VE AN R TEAR AP 3G 3R 551 T, 0 PR IR Uk i
() S100B R 48 g Pt 45 Ji I 41 it 7 & 8 ok A rp 19 A7
T 238, R 26 5T 20 43 Ak ROBE R MR EE Y S100B
V7S S R e D i ) S R S P
S100B {9 R &M 28 75 LA 2 38 i 75 5 0 4 o0 I
T2 5 0 HaR 42 T B8 A0 o 5 5 40 i P A K F T
7 FG AL caspase-3. LA R ETE A S8 — AL A&
BT A AT B S W 0B B 1E 32 K (RAGE)
(3% A TR /E Y, S100B A4 9k 4 30
min®"" H B IR BR L R A b R A Rl v
S100B /K& A & s m e,

TBI % % Wt S100B A 68 3 i ik %) 5 4%
BRI, B T i v B R A IR I S B A
B R MG Y, SCER R WY, S100B ¥ FE 5 A
JE Bk CT RIME EAHK A Meta 5081 RR . 7F
WA 2 A TBI(mTBD B %, L S100B 0. 1
pg/L WA %Sk 3B CT A 9 B g 728 i ) 45
JREE R 97 Y0 L BAPE TS (NPV) SR 99 %6 (95 % CI
98 % ~100 %) , (HRF 5 BEF AR . A SCHR & BOKE
B T2 0.16 ~0.20 pg/L ¥4 R BT =
50.69% 7, S100B %t TBI # 3% 1 J5 Y Fil I s EL
EER /=R (ENE RN Ve =N N T =S e W=l =93 2
% H Meta sr B3R W L AE A 28 B TBI B3
WL LS S100B M AE 2. 16 ~14. 0 pg/L ST,
FEPRAS | H B AR R 5 AN Rl 45 s A ok, T — b
WE5E h, TBI B ABER 1 R MLTE S100B 5 &
B WG # YA .t TAELESME M S100B 1
B A T 5N S AE B )5 29 30 h i S100B ¥
JE A S5 A 1 T 00 ) (T
1.2 RRA%EmRMEEA

T 0 41 4 e P 4 (1 (glial fibrillary acidic pro-
tein, GFAP) £2 7041 T P ik #f & R G2 1) 2 I I Jox
YT . 2 55 0 MR 4200 R RO 4R R 5K T s B O
ELAT IR 0175 5 0O I 5 R L R b 28 T X 4L
Pl 22 35 S5 3k ) AR OE 2 Ak mT A Mk SRR L S —F
e BE R 4 Y B, L3R IR 32 IR A L e A 2 A A
FEM52m Y, TBI B H MG h GFAP kB 7 &,
BiJg 1 h BRATAG I L 249 20 h 3R G IEE 72 h N
R FRESY

ZIHF ST T AR GFAP #% W (8 19 75
fH. AR, X F -5 TBI B &, ARk
48 h 1§ GFAP # Wi B fE7E 0. 01 ~1.56 pg/L &
AR LTI A% B B 45 R 3 4 (GOS) <3 Y fLURR
FEANTF 58%~85% . R S EE I B T 59% ~100% .

T AR T B U 7E 0. 01~1. 69 pg/L A5 Ak IR, 5 01 955
FER K E N 62% ~ 85%., F F N 52% ~
89% %, LA 7 KR IW GFAP 9. 50 ng/mL Jy#
WEE T % TBICGsTBD B 1 4E R 45 s A7 &
EERRE , AUCROC 14 T AD 2 0. 82 IR
BE(82.4%), LA 11. 14 ng/mL b #% Wi {8 Wl 1 4F
I A R B AT B¢ 1 B M CAUCO. 81) FlAy 5 &
(88.9%),

GFAP 2 5 WA 1R 4, ZE 3R /9 1L 7 GFAP 7K
Tt AT RE T A P p 28 TR 4 T A B B Y )
RKSF B A A W R K R KRS,
GFAP 5 /i i o5 #E 2l 22 (9 AUC S R 0. 74 ~
0. 98, Jifr He s &k 19 GFAP /K F B W 25 T ok 18 v 4t
P o AR R L AR S P A R, WV A o S W Y
fH™" . GFAP KFARE X 43k CT F 8 MY
2P TBIEE S REI0 &, TRe 5 HAEh
M2 RGAMIA BARR B A K, GFAP 783k 7
CT FHPER CT I Z M W 2 22 A it 2+ &
S, AE 0~8 h By E] B, GFAP il sk 3% CT B
REE N 0.8940. 18; K¢ 57 B K 0. 62 +0.02; 7
12~32 h Bf [ Bt , GFAP Tl 3k CT BH M fisk i
H0.94 £0. 13, ¥ RN 0.67 £0.027, —Ii
W R H] GEAP VE N bR &Y vl Lo L CT
B0 D 30 %5 DL
1.3 B4R CBEZS & 84 A B IP I o 240 il

£ IE BB 40 g Castrocytic phosphoprotein,
PEAL15)) 4t +5 25 = 7K F- 19 S8k A 28 0 Q1 O B3
K R KOV IR I A R — R R IG IR . BE 4R G C
(astrocyte-enriched proteins including aldolase C,
ALDOO#HE T /= A= ZLER fil ATP ML T, Ho = ¥y
"I Yl R - 3l 1 42 ) R O e T A4 - 28 DT 1 AH ELAE
FHES s iR 45 4 35 M (brain lipid binding protein,
BLBP) 75 4+ 2 R 11 416 24 1 i 17 192 1) 458 B v e o 22
YERIS" s PEALS 15 5 25 W5 AC I8, £ 4 i 3 17 22 1k
FAR IR &Y . ALDOC e 8B & 5 )5 3 h i &
Wb K i g 34 b i I v rboaT R I 2 B o TR
—H JiF TBI /% BLBP #1 PEALS fEBH MWK 3 h
1 28 ol DA =N A € 7 LR N o OB 3 Y
T, %F GFAP, ALDOC,.BLBP,PEA15 fg % 7¢
T ) 5 40 R BE L L LT K B fR) PN ARG
FUY R4 M ALDOC, BLBP #il PEA1S 1Y
TR Tk 5 L 30 200 e 403 45 0 I B A0 B T A G L E LI
Kz 1A e itk — 20 e
2 HETHEBRGIREY
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2 0 KR 5 M 4 BE AL B (neuron-specific eno-
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P S5 S W A P bR A AR I R A4S 20 )z
FH©, fE TBI # #., NSE M 4H i 5t B ik = i 4
V5 3 3 A 5 R A IV, o 5 A 24~48 h,
fiJa 72 h NI NSE /K -5 i J5 25 P)AH 6

A 5T % B, X5 TS [6) 15 30 1) TBI, NSE 1y
Il RAN B A7 AE — 5 19 2200, BF X 32 3 TBI %% ]
— IR A 10 DNIFSE I R G 32 7R . NSE 1L 7K
T i 5 R P 25 A AE 22 1) TG R A O 1 L R
NSE Il i 7K - A2 52 B TBI 5 5% 5 5 285 1F Y
SE ST RN R e - TBI AR5 B
fH 11. 6~51. 8 pg/L. Tl 5 FE 5 11 B8O 31k 3l 1
85 % ~100 %, F¢ 5 FE I 3l T 45 % ~100 % ; B {H
19. 5~100. 0 pg/ L, UM K& $7 57 5F 15 37 43 (glas-
gow outcome scale, GOS)<<3 MU Ik 3 F 9%
~87T% HE WS T 36 % ~96% ., 1 T 7E4BF
g8 S L PE 3K NSE X F TBI A R 25 J5 19 B 4E
V5 (L 1 DG 9 B Y . A SRt 2 L NSE J2 Rk 18
PRI R B 5 (DAD M ARE , [Al B, 35 L AIK
PN LI NI (TN 1 RN = o 2 T A P R s O
NSE T+ » R MTE 2 & 15 855 h , NSE X 7 #f 8
RGPS (8 B R R RS2 B2 T, %
JZH TBI,NSE 5 /it iy i (ICP) A1 il ¥ 14 J& (CPP) 7
n ELA AR e, 72 h NSE (9 8 B i i 5 Rotterdam
CT 343 & B & IEAH & (P =0.0151), A itk NSE X%}
T E TBI W5 BA — & i E .
2.2 2K cui/KiFE L1

7 R-TH H # & & 48 (ubiquitin-proteasome
system, UPS) 2 41 il Py 25 1 o B i 19 32 Bl 42
UPS 4453 J& B TG 2% 3 B R R e 5 R 0 & 10 B A
JT o PRI SO R AT B B A A M R
WRYT R AR RS IR A R E R R
AHEAE BN Ry 02 1 2 i 22 3R A7 P 92 95 & s HIL BE
ROFERE . 2 K c W/K M EE L1 Cubiquitin C-terminal
hydrolase-1.1, UCH-L1) 3 % 3£ ik T #f £ oo 41 g
BT, Bz REAME A KRG (UPS) ) 5 2 240 B
gy L EEIIRE 5 Bz R IWIE IR A G, f8 IEH
e B 2% F T R Ak SRS R AT S R R B R
HEAEF, DT 4ERr 2 BT R AR . 5 g R X IR
A TBI AH L, -8 B TBI B3 13 UCH-
L1 /KFH 838 L {0505 1 ho PN nl A i 5 4 ) )
UCH-L1,8 h J5 il b T} J 15 2 1 E , 7F 48 h Pl
RS R Z) 10 KOV,

2016 4E & £ T JAMA Neurology BB 5% &

B, 55 16 h N UCH-L1 /K -4 % BE 41 B 2 7
A TR TBI B3 e & 7 217 p 42 4k
BFARFHL,AUC AF 0.9(95%CI :0. 80~1.00)
F]0.92(95% CI:0. 84~ 1.00) ; {H H L 5 % 7
TBI B e 1A R, AUC 3 T 0.30(95% CI ;
0.02~0.50) %] 0.67(95% CI:0.53~0.81)"",
Takala &7 MIBF5E & M. 5K %2 2 E HHE A
KB E M, 2 2 A M4 R R0 B s
UCH-L1 #JE KPR, BERIZH L 1~3 d 1
UCH-L1 ¥ ¥ 5 GOS R ¥ & #& i 17 5F ¥l 5 & %
(Extended Glasgow Outcome Scale extended,
GOS-E) PPy S OC, HmMaE RGN R4S
JA (GOS<<3) AUC H 0. 727, LA (1.0320.30) ng/
mL R WE O GOS 1~ 3 4% (4 BUK B H 0. 43
0. 17 4% 5K 0.8340.12, Lh(0.9540.26)
ng/mL Jhy # T E I A R E RN R, B GOS-E1~
7 AU 0. 3140, 10, 85 4 0. 8240. 14,
E—2 Z &K Logistic Al H 1 53 #r & 8, UCH-
L1 ¥R B 9 /N BB 1 O 2 Sy 3000 P4 2%, G % 1 3k
AR (B AL GCS PV 43, i AL S M L 4 4 )™ i R R
PE43 (injury severity score,ISS) Ml Z &k /R CT #E43
(Marshall score) B % FH £ I TN A ARG 5L ).
B IA DGR T UCH-L1 (1l JR 11 i 77 75 1%
24 WL RN R B, LT UCH-L1 /KXt F 1
Wk i CT S8 HA B0 E . k¥ CT MR
H MW UCH-L1 ~FEKFEB 8w T CT Bk 8
(SMD=1.67,95%CI :1.12~2.23,1*=98.1%; P
<<0.01), UCH-LI fE%& & TBI J5 f0ill fisi N 9 22
FIE B A2 3R 3 T4 4% AiF il 6 (SROC) F 1 AL
0.83(95%CI:0.80~0.86), IfiL{H UCH-L1 i
PR o AR 1) IR BE L RE S BE RIS T LU A LE 43 0
0.97(95%CI :0.92~0.99),0.40(95%CI : 0. 30~
0.51)F1 19.37(95% CI:7.25~51.75), 6 h
UCH-L1 4 ifin 3 7K ~F- T 000 f5 P 95 A2 5008 B A R S5
BEA A 0.99(95% CI:0.94~1.0) F1 0.44 (95%
CI:0.38~0.052)"%,
2.3 LIEIRNIRE S EA

AU G I 2 45 & 76 1 (heart fatty acid binding
protein, H-FABP) , 2 ZAZ 4 T 0 k4l 8L, ] b
FETE T Mili 21 234 28 50 40 i v, 5 e i AR bk
JEE R B M I A AR OG . — TR TR Gk A (GCS =
15 BEMIRER .05 6 h k¥ CT HHEREN
My H-FABP K-V %2 & T CT B % [,
TEF R 100 6 R BB 1% &0 T B0 4 B TBI 8 %
SLES CT B AAEBIE R B, H-FABP It S100B A
AR RS,
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2% 22 (neurofilament, NF) , £ % NF-L.
NF-M . NF-H 3 4~ 544 % , 2 4t 4l o8 B 48 I
R P A T T AR L 2 TP S Sl R 5 AN W]
ol ) — 3R 4. NF-H J& A8 KB 2= A Ak
HR Iz BRI AR . U A S A B
NE-H Fifi J5 8% % B2 16 4 pNE-H, 3 S0 68 2% 1y
pNF-H & 17 ,pNF-H fym it — 4 B 2 A1k
IR AR BN S AR A0 RN B A BUAF YR A R 3R
AL B B, RE AL ER SN2
BARZET MM 2T B R . 5 NF-L 8 NF-M
AH H pNF-H X 85 85 11 5 A1 H: At 25 (1 B 0 Tf 32 1
5RO BT L pNF-H A] 8 J2 4l 28 1 473 A1 iR 1k 1 —
N EF G AR EY .

75 L EE f5Uis B 405 8 43 A ep, NE-HPRn o 2%
B TH R 3 8 B 22 AR S DI RE T JE HE E AT L (H K
M) NF-H A5 R4 5 W5 2240 2 [ B4 it
B AR NF-H #22 6 d EYS) S22 R7
A RERE WA AN LA 57 . pNF-H 5 /i 4 J& 5 4775
AR F IR LSRG, 55 2 H pNF-H J+
E7E Marshall CT 402k Il ~ N %41 5 Marshall CT
O3 T~ 1 920 Z 18] 22 5 A e it 2 2 S T AE Pt g
B ™ R AR B K A 2 R R g i X
B H L. pNEF-H 134. 0 pg/L A #WHE, B0 6 4~ H
GOS=1 (MK E R 12. 9%, F 1 R 84. 2%,
AUC 4 0.641(P=0.24);% 2 H LA pNF-H 117.0
pg/L W E S0 6 4~ H GOS=1 B8R Ny
71.4% ., % F N 83.8%, AUC A 0.764 (P =
0.028)°% , Bt A #2-H B2 i fixi 21 £ (mTBD & #
pNF-H B & 5 F oK 22 44 1 6 B4 (29 100 £i5), &
H pNF-H HUH 1 071 pg/mL X702 7 77 76 3k 7
CT PHPER LA BRI R 87. 5% F R 70%,
LI CT HMEHRFES 1 K55 3 K pNF-H K
MR Z R TRITFHB XY, ARk,
pNF-H &iEFEfi)G 2 d k8 &g 7205 )5 7 d TR
B X JEAKSEY, AE N B TBI B E 1 H Il
W 3 fOR[E NFHNFHsmi-35 (& ##2 1k) . NF-
Hsmi-32( £ @2 k) . NFHsmi-31 (&5 # #2 16) 1
S Th e, LA ] o A 2 B OBORE 1 R 0 R
1 KRB 72 h JLP A AL, Bl S 30T 48 & P
FhE . S BAE 96 hOI R )Y,
3.2 IMVE oIl M52 8 R =

Mg o Il 1L 5 25 B A% 7= 9 (Alpha- 1l Spec-
trin Breakdown Products, SBDP) , 2 $% SBDP150.
SBDP145 1 SBDP120, IfiLiE o I L5 84 A & £ 2

H A7 Tl 2 12 ik 17 FSE ) 40 1 2R B 1, D AR A
LR Ak IR BE B T B IR R, HE R TBI R A I
% SBDP150,SBDP145 Bt F i . (H 5 41 & L2k A8
I TR T B R A L, 98 A I ¥ SBDP150 I 1%
A I 3 O S AR
3.3 TauZEH

Tau & & —F N RE M SR E D . S
SEEME B REE. MK P-Tau (B iR 1k-
Taw . & Tau(T-Tau) X P-Tau 5 T-Tau Z kb #%
N5 TBI B E S W RIS MG, o] X 4342 5 TBI
S 5 fe G B ARG TS R4 B USRS R X
SEE IR ES Y, P-Tau ¥ E M P-Tau: T-Tau 1A
5 CT R W E A, I BAE A R 4 12
W B 1 2 T GFAPSY
4 ZEIZANREYNIERNE

H AT R b % B GCS 4 B2 3k #B CT K 1EAL
TBI £ 4 .{H TBI 55 5 5tk 5 oK, Hog # iz W
Fb 35 R XE , T DA B 4K 5 GCS 143 ) Sk CT AN
AE S A 2Pl . KGN TBI J5 9% 18 P 4% 4 401 15
FR U 2y Rl B A5 5 B BEORG 4f B S E Y AR R
T Bk 225 ) 3 4% R A 18 0 s A £ Bt 2 2 10 1 22 Ak
XA AR TT LA S5 Sk 0 40 6 R 45 4 i R A
HAEWF I SRR . BT DL G 2 WA W 2E bR il v]
AEA BT X5 TBY A 2E 47 8 4 1 A i P4 .
4.1 ZWHE

H 2 EWSE TS UCH-L1 5 GFAP W37 4=
Yr2Ede br ks W J7 28 19 I IR # 1, 5 32— GFAP #
o, X 4y i%-rh BE TBI B B9 B8 ) A i, =
AUC 43 %14 0.64(95% CI:0.35~0.92) ~0.89
(95%CI:0.79~0.99)5 0.73(95% CI.0.69 ~
0.77)~0.94(95% CI:0.78 ~1.00)%" , {HEE L
UCH-L1 5 GFAP 5 X T % 5] TBI £ % 51
XTI B A AT — s L, A L LBl GFAP 8§
UCH-L1 /% Htil 6 J) 58 &=,
4.2 TR ARG R

X F F0 Sk A5 5 Sk CT BH M 1 7T g
A UCH-L1 5 GFAP W30 AE 924 18 A A Iy %6
L r— GFAP 48 45 19 10000 B8 s A4 5], (EL RS = 1 B
— UCH-L1 48F57" . %F 955 B 0 R [5) B i) B, R
MR AE A RNR IS, #EhfE 0~8 h,
GFAP 5 UCH-L1 W4 & Jr Z W k&8 CT & &
FEFEPHPE R B BE i, LR B8 0.87 +
0.19. 4 F B K 0.6140.02, [t GFAP+UCH-L1
+S100B &5 UCH-L1+S100B J5 & ¥ 4 i ;
7F 12~32 h fr B, GFAP+UCH-L1-+S100B 77
ZOH G, UK R 0.93 £0. 13, K %
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0.67 +0.02, lt GFAP+S100B 4 &, i UCH-L1

-+S100B Tl fig 1 #5577 0w A, A B 5T R

BEA 4 Fhds &4 (GFAP,UCH-L1,NF-L fl Total

Taw) 7 R UL KBRS 3 Fibr k9 my i &

(GFAP+H-FABP+1L-10 8% H-FABP+S100B+

Taw) ™, EBELH T &M KLH CT FHER TBI &

B R U

4.3 WEHE
UCH-L1+ GFAP #iill 3.6 ™A AR B )5

[AUC 4 0.83(0. 7~0.91),0.81€0. 7~0.91) |#&

BAph FE AR TN AE S 4° . GFAP + S100B+ Rotter-

damCT R CT ¥F40) +GCS.GFAP+S100B,

RotterdamCT + GCS il #ll A~ R il J5 fig 71 #H i,

AUC 43 %24 0.84,0.79,0.80°, L) IMPACT

CTBI I R 56 30 5 43 87 1) ] B AT 55 B0 T ) A

AU b AR I | B T A A7 A B AR S A s A B

GCS P43 i AL S 58 . A Bt B i 210 2 1 R0 a4

3843 + Hr s BF /R EE CT 343 (Stockholm CT) +

GFAP+ NF-L+S100B/NSE/UCH-L1/ Tau K

AU TR F g ) 405 R 12 S H TS B H A 4 A T

RERITE AL R
H T 035 5 B W AE Y1 bR © 4 Wl TBI

A 5T I 22— B R S M 1Y) ol 8 50 4 L B ik 22

2 J5T 24 A 46 7 A )RR S PR AR Y A ) 2 A il s RE

AH G HE B L IR 7K T A8 Ak 45 B AT BE B R P Al TBI

BHTEE RS R WS A AR bR, R H AT T

XS A W b R ) ) IE 5 UE B AN 23 AR B T I

PR, H 8 3 5 HA U5 1AL B R Z R4S &

PEAT R L T REAT B T O E RS M TBI R & k172

W ™ i R R P A K IS I, £ 2 T R AT
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Progress of heparin-induced thrombocytopenia after PCI

Summary Heparin-induced thrombocytopenia(HIT) after percutaneous coronary intervention(PCI) refers to

the acquired hypercoagulability syndrome in which heparin induces platelet antibodies and platelets are consumed in

large quantities during the perioperative period of PCI with heparin anticoagulation therapy. The main clinical

manifestations are decreased platelet count and thrombosis, which can cause thromboembolism in limbs or organs.,

and seriously endanger the lives of patients. The diagnosis of HIT should be combined with clinical symptoms., la-

boratory examinations and 4T’s scoring system. Clinical treatment is mainly to reduce thrombin production and

platelet activation and to prevent the occurrence of arteriovenous thrombosis. This article reviewed the pathogene-

sis, diagnosis and treatment of HIT after PCIL.
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