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[ Abstract]

characterized by enlargement of ventricles and disrupted cerebrospinal fluid (CSF) homeostatis.

Hydrocephalus is one of the most common neurosurgical disorders, which is

Hydrocephalus is divided into multiple categories, of which trauma, posthemorrhagic and postinfectious
hydrocephalus are the most important clinical types. Mechanism of secondary hydrocephalus is still
unknown. In recent years, researches observed inflammation in both postinfectious hydrocephalusand
posthemorrhagic hydrocephalus. Regulated inflammation is a significant protective respond that eliminates
foreign pathogens, while abnormal inflammation deteriorates tissue damage. Apart from the traditional CSF

homeostatis model, accumulating evidence have shown that neuroinflammation plays an important role in

secondary hydrocephalus. This article reviews epidemiology, mechanisms and treatment of secondary

normal pressure hydrocephalus. Understanding the mechanisms of secondary hydrocephalus might be

helpful in developing more effective therapies.
[Key words] Hydrocephalus; Cerebral hemorrhage;

Infections; Inflammation; Review

This study was supported by National Key Research and Development Program of China (No.

2018YFA0108603), Beijing - Tianjin - Hebei Applied Basic

Research Cooperation Project [No.

19JCZDJC64600(Z)], and National High Level Hospital Clinical Research Funding of Peking Union Medical

College Hospital (No. 2022-PUMCH-C-032).
Conflicts of interest: none declared

Jii AR A 2 0 TR B B A 1R Y i S T
R e PR 5 28R BN A 25 R Ak D0 ) e B A e R
SRAR BN R TR R SR, 2 50% S 4k Kk i AR

doi: 10.3969/j.issn.1672-6731.2023.06.004

HeEmH BHFREHAMFRITMIE (AR
2018YFA0108603) ; 5t Ht 3L i JI kil BF 58 L W H [ H % 5 -
19JCZDJC64600(Z) |5t 5T Hp Al EE Bie v g 2 /K - B2 B Ifi PR B F & 33
(3 H 445 : 2022-PUMCH-C-032)

PR B 2100730 T BE AR BE AL at B EE 2 Be dE st B A
[ e i 22 SR

SEIRVEE B2 75 L Email : weijj1999@163.com

JK B R KCRE IR pl D K b2 R G i B,
F] & P Wk 90 5T A ot (SAHD) L f55URi B 43 (TBI) | fi
DA PR S % R il A, G b ot S I AR K
(PHH) FUB Y 5 i ALK (PTH ) & 5 WL E 7Y, B4
WL TA Ry, 4k 2 i B K 2 3 L ) 2 A A 9 [ 9 52
BHL, AHVF 22 1 J o B K ek e J5 T BUK R 3 O R
H B0 = R R ) T s A A S ) O AR Il 32 BEL
P& Ak 22 1 I B K T e A T At 3 AR B 2E AL
OB 98 B4R G = 9 (IVHD J5 #f & R
JiE , Toll B 3Z M (TLR) A 3 19 R JE Ik 2231 55 5
i AR A B A B A o R A MDA OC . Ak & R R K



e B 2850 2 7 2023 4K 6 J1 46 23 44 6 1)

Chin J Contemp Neurol Neurosurg, June 2023, Vol. 23, No. 6 . 491 -

AL AR AW, REOLRT R RE, B
AT =2 O 25 b 2 A0 W o AR B — R
R, H BN R R IR R . A SCHU 4k &
PE s BRUK AT 8 2 B L & s AL B3R 9T O R kAT
ZEIR , DUSR I R IR 7 H AT 1 S i

— URAT A IR

H A & X i AR I H gk v i BUK B AT
i EWF G B SCHRARE 1 il FROK B R 22 R
B, K (49.4 ~239.8)/J7 NAE ', Meta 43 T 27
0 FRK 4 3R £ % 85/10 1 N4, 18 % LI R ARE
FE R N 88/10 J7 A4 (19 ~ 64 % 1 11/10 JT N4
65 % LA oA 175710 J7 N4 25 Hol BUK o % 5 1
FR AR R BEYT KA G RN X 18 %/ LN A
BE O R 2 o0 b 36 b XA 2%, TR B R R
RN A B K 2065 . 4k & v ik AUK Bo%
T R R R R G, f DL R A ik ) iR
JE I (46.5% ) , He R AR U hy fi i 81493 (29% ) . Fisi I
3R (6.2% ) G I 785 95 (4.59% ) 45 170 gk o s s 1y
I A Ay 2k & i FROK e d DL B R R RN 15% ~
67% , B E 8 H WU KAE . S I BUK 22
T ik 58 ok Hb X, MR R AT LA A A P A
Jei B ALK ek P BSR4 S
Ao ALK 1, R P I B LR B I A S A
2y Ik 96 i 2 A5 51 RS, T T A HE IR I D o Ak R
HUG HE R 55 o AR A0 405 M i HE o A RO R O (10 ~
30)/10 73, 29 40% A fisi & P9 O, 4% M G BR K &
RN S51% ~89% ", AT Wi AR LI E
M I A B H LR B 15% ~ 20% A (R AR T
1500 g (7= JL AT & AR AR Ok 3 0 4 1 (GMH) ), 3
1 8% ~38% LV kAt 5 I =Yk, s E
ALK s R e B BOLE M AP AESE TSR
2 Y, B0 005 05 i B KO W WOE R 2 — R R
RN 0.7% ~29.0% " o &G S5 I BUK & — Fp Bk
P, N AR I A5 R & Tk R B M X R
o, U R B A L™ JE Y, R RE S A I TR A%
PR AP B R AR G o 20 B PR R S I ARUK SR
YN 6.8% ", H LI IR R £ BEALEE KM KA il
B BR A A, 45 K% 43 AR TR R € R 9 7 A5 R T 3 R
SRR T BRI S 4% 51 S 1 4k i ABRUK O B R
Rk 60%

Ak R BRI L

2k %z P i RRK Y 0 B A B 2 ML 35 A 4
U i A AR B G Ak R Ik 2% N S S R

AN € WS & e A= I ANl | s E 37
RSN o

LB RO A PR B R B HAl) 2R
R A2 G VR T A e A5 A B, A Ry i = P
A VB P 32 B ke Do) S 0K T R AZ 5 A A VR
W A B A T B UK Y R, A AR
TE 18] 5 DR A 28 R Ik R AR g A A TR LA 2 i S R
18 1 14 L IOEL A i 5 VR IR AL, S B K A A R
g1 G FLK S B K BRI P 0 ol
o 5 O A VA E 1 2 A ] A E 4 2 B
G &5 Py I AR A A VR TTORE O Ak AR K - B
(TGF-B)ZE MM A+ ", TGF-B1 R - 14 40 ity 1 3k
Jo AR AH O FE PR e 3k, B i 4n i Ah 3 R E AR,
AR 2 453 0548 2 SO IR T i, 3% 2 555 DU il ‘=5 R gk D)
I RUARE 110 A 5 Y R IR A%, B R AR R VO i
I 58 5 ik 2 R S L vk 99 T s R gk R B 8
KL NRMERE , vT F BOM UK o P
i 922 A 2 o LK 1% A 6 R PR e i R i R
F1 200 LB 3 L 2R R B D 9% 1 VR RO
SHUBUK . SRR BRI R Rl E N ES A
PSR S5 A VB H o B ek 28 L O AN ] 3
AR B T A IR 1 43 T B 2 A O
B3 S i AR K AL 55 0 VR Bl R o B A DG,
oINS S IS Y s B e - SR 00
3 R B BE 2 v A U 2R ok )RS ABORE W i, 3
0 5 YR A% T B R IAL L BEL g 8 5 G T 5 i g
LT LA,k I BSOS 3 DG Sl 405, BEL RS A 3h
2o B0 9T R R g v A A R ik DT
B 7RG 52 0, B S RO KR E R BT R
i 25 B TC KA, S EURBUK o SR, A5 L Z
TR A W, A S T A TR WA, Tk 45 A B
Az ol A B ZE iR ik 25 DA FL Sk R 45 S B B
V43 B HE T A5 DR 2R 2 AT S B AR o [RIES BT ik
KNEBL KRB, NS NEF T4, NE )
S 17 [ A TR T LA A b A R S i ARUK T 22 L
B ¥ 5l ) OF A B 4 58 B Y Wk R BURL R 4, I
I, A VR R S R 2 3 — AL 1] T 1 5 4 i R i AR K
g P A P2 ML o 3 AR 0T i AR K & s BIL R 1 A 5
5 Z2 4 v T ik 4 DA 43 W G A TR B G e 38 T g LA
TN 5 o3 A8 A 5 | R 1) B 8 AR N o

2.4k R AR WK N R N BREE AR B —
FF A 22 6 40 0 1 SR ST I R A A K, T R I
i ¢ e ) [ B ik B AT A3 i T hg o E ORI O Y Bk 4



. 492 - e [ A 8 0 2 7 2023 4F 6 JT 4 23 455 6 1Y)

Chin J Contemp Neurol Neurosurg, June 2023, Vol. 23, No. 6

PN T 1 Bl 6V 53 A WL A ik 2 DA b R 400 L R IS
] 58 -k TR AR B8 F 28 e 28 11 2 (AE2) FI4R -k R &
MR B F L 55 32 (K (NCBE) i 3 8 ] W i if. 5 40 25
T BB T R IR AR B T, B S AN T s A -
B -tk TR EAR S - L5 2 A (NBC) 8P -5 8 T 3L 4%
G PR (KCC) ATl -8 - S P IR 7% 32 7 (1 1 (NKCC 1) #%
Holk— 25 B G %, 7K o U 20 4 7 B 7 52 4R 1
(GLUT1) S0 i (] BR Y™ B =M %= . i TRk AT
1 2 TR AL, AE A 5T 45 R TR HE , Pellegrini 55 38 1
N Z fig T 4}l (PSCs) #9 2 ) — Fh 25 LIk 4 A\ - f
20 JE L AT 23 W5 5 R YRR 3 R AL VAR 1) 2 A B A
JEL, 5 7 3K S 40 v A T S Jbk 46 AN 1 Bz 4 s
IR IR £ 732 % A (TTR) Kl E & 1 1(AQP1)
S AT IR & B, e AN A B S A R A
SR DR AE 24 5 U4 9 Dk % DA | B A B AR AL, {H AR
0 M RNA D 7 2 30— 0T 04 JUL 1 Bz 40 B, 57 ik 4%
IAAS [ 25 79 40 Jf A 1 6 R 43 0 5k 7 b el g R HE AN
VR HT o Wk D\ b B 240 B4R A i fi o7 s 25 4 22—
AL A R 45 i S PN A O A Ak [R] B A A I
I8 2 v 4 528 A0 B R A MG 5 O R AR TR . 5K
S AN 7 a1 AN A N a1
oAty T He 0 B 28 81, Jk 2% DA 1= 5z 240 L[] A 35 3K Toll
FESZ BN TLR2 . TLR4 .\ TLR5, i il % i Toll A% 52 4
AL B JE AR G 2 F 4 S (PAMP) 0 405 40 56 43 F
B (DAMP) 75 & G e SO o, i 2 P9 H i B
o A I 21 B RS A A A DG B =R A B A
T, A0 B M R R B 2% B MR A0 RE R 2 6
(LPS) A Sy 9 J A OG 43 F 455 X R HE i 9, 3 4
97 J R DG 43 1 A5 RN 48 405 AR 6 o B R 3 25
Jik 2% P\ 1= Bz 240 M 2 1 A2 A4, 300 TLR4-%6 #4316 A
T 88(MyD88) {5 5 % 38 % , 17 Jitd Jot oAy i 25 17 % K]
T -«kB(NF-kB) & =LA, LI R 1 -«
(TNF-o)  FH 2SR -1B (IL-18) & RV 1 £ ik,
B4 5 STE20/SPS-1 A1 O il 20 IR - N 2 IR ¥ i ( Spak ) 116
P B0 35 NKCC1FE P 11 41 A B 26 1 2 3 1k, 7%
1 7 3 R 3 50O T A3 I 3 o o G YRR S A
R4y 8 ORI A3 A OC 43 45 X8 T AR T bk 4%
AN S T 400 L 2 1T Toll BE 32 44 375 S HLRE il 4k 1 A
T U0 IL-6IL-4 \TNF-o [ TGF-B1, [F] FEAR #E Bk 28 A I
Bz ARAE SR F i 5 B A s

3MKB A E W EESE A IJLEEE L
B IS4 R X (SVZ) 78 H L5 ik AK Y
T R ik B v & AR Y I R i

RGN —Fh R B2 T A0, (IR IG R 7 g R R
TGN 2 BE A TV S TR S e i A 4
14 25 A8 BT DX (R AR A A o 2 A0 I, 2 T L 3l ) el
2o B B X A Y AR L R
AR DA A o 22 1 290 i P2 A8 6 40 e 2 I
2 BESE MR (IR 25 ] S 60 P11 40 i 50 N4 4 R
o 22 TR) A I A7 A i s Y 32 40 DX 3l T I 5 4 i
ORI 5w R By RT A o I AR OK KR R R
Castaneyra-Ruiz & 231951 RN S e A N e ]
257 20 M 28 I VIR T S A0 TR B R R N4 B
K 3 B [R) I 22 25 6 4 4 I 4 i 8 1 ok
A RIK AT ERR TR 3 (GFAP) B 22 I8 Ji ot 246 i
VSR IS PN BN sE e RV~ PN 6
S I 0 AR K B G 2EARL, di 7 i P S I ) a9
R R IR BUK o R ST S s I S 2
8 Jok 2% PN 240 i 2y RE S i 0 fi 3 S B R I AR
K KAz i LA

4. IO RS S RAE RN ik AR OK 6 T RE
510098 A0 43 v R R A G G B I I
CLAE L A A W G A (1) BE I G S LA
PR S Bl BE I 2k S . B L T R R AR e R
() —Fh o> Wb 2 B, R T L R 5 8 O R A e — 2
K I 5T Y T A B R AR Ol R T I AT 4E R
Fo i 5 & 20 1 G & R 2 1K (GPCR) Y 8
P10 32 1 (PARSs ) il & 200 i A 5 B 0 ¢, O3
5 RAE ML o AE Sy B A% A0 0 eb 1 L 40 Y 1k
PR, 5 it i o ] 3 e B 6 4 o A e 0 DL K Al
HE A0 M55 000 PR 20 LR RS, LG SR 2 e R
RAE I o Bl T2 50 W7, Ml 3 N T A I £ /N
Bl AT DR 58 i S R bR 2% DA I AET P B A I N -4 R 2R
P2 e, A U HG = B R I G 5 B, S 0 ARUK L O
AL L A ] PAR1/p-Sre/p-PAKI {5 5 e 53 it A 5
2 fifk 5% 100 BT BOM M BUK o AL E i il A T Ry
T Ik 28 DA 16 355 A4 1 5 240 e R /0N Jig 5 40 L 5
S EA T RE 2 E i T R AN . G 5 R e 5 o 200 i
B, 0 AT RE S B L T 1 0 B A0 i A e 0 v LA b fie
HE A0 M55 I P B A RS BRI BB o) A
o A A o B L A 375 5 1) IR AR K R R R AT Y
SR W, VORL A 1) K 45 D\ RN = S B OR 3R
£ AH v KL 20 T a2 RS A v i AR T R B
(2) I £ 4 - A S £ 200 0 1) o 2 228 7= ), I 21 4K
HIR O E 2 A R I 1~ o i =S P L O s 9 4
CLEE A RN o AR B I, 5 455 Bk FE L



e B 2850 2 7 2023 4K 6 J1 46 23 44 6 1)

Chin J Contemp Neurol Neurosurg, June 2023, Vol. 23, No. 6 . 493 .

FRE ML -2 53R E R E AW, B 1 Ht
JE R TR S 3 5 A A R A L % b 4 T
FETH M LT3 1% 552 1 D163 - ) 3 45 & )5 , B
W R . A HRATE B W2 A R KR
A%, M s L B 2 G B B KT 0 T BRI
4 I 21 28 4 W A /0 s 5T 0 B PN I 21 3R
S -1(HO-1) F il 28 6 9 HO-2 B fift R IHER %  —
A Al B R 2 15 1, JIE 2% 3R 7 I 46 3R 3 D il A )
KR Z . WS Won , Wk BT B O i =
DAY I R R B 21 8 R R B S T X
Bl 20 U8 AR R S A5 A3, 1) i 3 P I AR /)N B
%G 28 P T S 40 T A0 B, 24 /N I AT W88 ) B 2
ik LA M HO-1 VR AR 7K OF b 35 T 5 1) i =8 9 0
PR RS 24 /N S [RIRE & AR I 2 A 0k, £ i 5 BE i
35 17K 2 % 21 200 1 0 BR 5  BE G R) R BR R 5
OB 24N N B E MR E YK T R
SF 21 AR R o A i N s RS o B fb
c-Jun 22 3 R dig B (p-JNK) 7K P i, 18 JNK 7K
SEILF AR B3 121 2 58 o 0E INK 3 B% 1 15
20 LU T I A B B #E  RUS p-INKOKCOP TR
B, B8 7R Bk B 1T BB o TS INK B H: T il 6 i
SECH M T R T EUR B A Y AR B
S BBk UG 7 KL 50% B/ BROR AR i S
MUK, 28 K H & B R T E 70% ~80% . A
S B T HE IR Y T A 0N U IS PN A 4T AR
MERE 5, = R R R W] g — A
RS I £L AR AR D e XU 5 0 A A
I 5 V%) 25 R R AR, 2 D Ak S - ML 21 4 15 O il
FYIRMEEFE O MM, BB TR = R 4L
Job R T R A DG AR D i P S R R R Y
i 2 P i A AR )N B AR B B 5 7 RN 28 KR, Wnt
mRNA Fl Wnt {5 5 & HKF B T &, Wt {55 5% &
T AE BT 2R 4 A AR b & EAE 08
Al 2 Rk G i, PRI R A B T DA ke
FECT s &1 2 A0 RN IR P B, Je 26 T 5 B0 1 i i AR
K (3) 3 AR T < B 3 BIE S R VA I AR 1R
(LPA) ] S5 25087 Az /N B IS M AR K 2o 3 1t i
PR 2 — o3 A5 T IR B B, A S — RS 5 A T
H A2 6 Fh el U0 G 3 AR SZ 4R, B LPA, |
LPA,. LPA,, LPA,. LPA,, LPA,, 4 W & B% & A
Autotaxin F A7 % IfiLB% 5 B D (lysoPLD ) i 4 , 7l i 1k
Vs AL 8 1 P5E LR (LPC) 7K fige 2E Bl i 98 i 2, OF 1
I /N B 5% AR S A o W IR R R NI O A il 1 R

B, 2 A 2H 2, A A T I W i R KT T,
Z AR (LPAR) 78 B TV I 0% 40 . /0 5 62 o 400 L L /)N i
JOT 240 1 v XA SRR I I R G B T I it A S5
B 30 3, b R R G R A i K G B 11 4(AQP4)
ik, A R IE R A0 MO A, = BUN B W 5 W B
I, PRI B 2 P L I @ B BR T v TT R R
B S B AROK B HLE 2 — o B P T S I
W IR 5 3 /B, B AR /N B 2 457 5% 4 if 38 S % A= A%
b1 8] B IR & A M A% T 25 2l A%, 6 /B I AT D 41 ffd
B B 7% s RNA A A% 52 45 2R o, 28 48 40 g
35 LPAR, 1 LPAR,, i 7E LPAR, 1 LPAR & X B R
5 /N LA 2 A 409 1 60% AT AE 15 1L IR iR 175
&R s R K, T LU LPA, 1 £ P B BB )
AMO95 1] A & BH 1k %5 100 8% B R 175 5 19 s il S A AR
K, W LPAR, Al LPAR, &3 B #4006 o7 DA 3l o i 30 =
IR AN M A 5 A T B0 S A BUK Y SR B I
4 1R R £ 4k & P g AR v i EL AR AR R ML 4 o
— LR

=LAk R BUK BT

Yk & M BUK 5 e KM i BUK Y 32 X R
FE T 6 B A T AR I SR AN [R) , 24 729% 2 3%
0 25 -0 iy 4 AR 18 24k e i B K A A R i R B
s TRIRE B 43 T AR AN Tl 429% 5 & 1 DE H TR )
DR AV N e N = N B S IS B < i NS D SR 2
P53 25 5 B RER ok M i UK R AT = -1
JE A AR (VPS) Je MR 3 2 ™ Ban T35
O T AR R A ALY F8 AE AL FE CT MRI [ 4 2 i 3t
TSR LB E 4 7, Borgesen R Y A
WA AL T3 (cout) J2 1] B 4k T 1 i AR K B8 4 43 Tk
A TG R A (100% ) FRR 55 (84% ) B A 2R 48
B o Larsson ZF % B, %50 v A0 00 A1 9 A DA KO8
/TR0 0 R LG AR 1 G AR K B AT A AR
PR IR A B o EA ST O, 4k kP i AR
VIR N TR =N Ny NI VA [ 273 99 K € 7 a1
AR i S R R K R R G 5 i FRK 35 AT E 4
A G 43 B 2 B B A OC 4 F 8 5 3 1 R E
o T 51 3k R P AR 2 450 3 0ok Toll B 32 1 K R T,
PR ot X 4k & P i AR K B T 9T TT Toll B 32 1k A
Fo KA ST W BRK HR 3 AT 10 W 43 A AR i AT S
B ME G0, G A S AR K 5] R
G X T HEAR T A 0 AR 1) G P T SR )
Toll B 52 1 I T R 25 W16 I7 4k K Ml BRUOK B — &
A AFPE Y. TLR4 31 70 TAK-242 W] A S04 J7 I i



494 - Hh B 2 R Ak 2023 4F

26 155 23 545 610

Chin J Contemp Neurol Neurosurg, June 2023, Vol. 23, No. 6

I ABE Y /N BRHE ot S A AR K 05 i — 2B i I PR Y S
7, TAK-242 7] F TG 7 e B 1UAE B, (H K7 240nT
AE 50 R R A 56, 29 40% 1Y Ik FRUK B 3 g 3 22
FF P B JER  , TAK-242 (997 R0 T 45 2% BH M 7 ok &
R B DT AR T Toll B Z KA1, &1 X6 45 4
FH G 43 F 5 2 9 I A G 2 455 X 8 4 ik PR 1) 245
Py v R B A B A2 AR A A R IE O BUK
NKCC1 J& i B W 7> W 1 8 2 5% 38 Rk, A L 4 X
NKCC1 #1570 1 7] B8 JH 736 97 G J5 i BRLK i
1M Ji5 M FR 7K 35 AR RE BN 5 R A i A R A BE G s
H AT C A NKCC1 P FITR YT #h 48 3R Gy i I 4 i
ol 4, NKCC 110 il 370 A 36 b J& UE 55 7T 28 fifg %4 i A8
LG ARAE AR 7, {E A3 56 b JE 425 5k i Ji B Bk A9 6 7 42
55, P ) 57 519 I BB P T S A e b e
A RE & — M R AL IR T O % . 5 NKCCLAH L,
Spak 7E k25 I\ I {7 41 ffg &t & % 3k, H Spak J& TLR4
MR AR S AR 5 e Rl g b - R 2 R
BT as R IR T 0L, Spak 1T BE & IR 97 IR
e J5 ik ALK R S L AR B E B A . T
RORE S A AT RE S BUE 2 Y A 4 0T R ik
DAMP, 3 11 5 SO0 FR K, P B X Toll A 32 44 45 4%
iE S 38 #% (4936 7 7 =X AT B8 LR ) ik 25 A\ 40 i 43
WA R YT O 2 A S
5% R, TR B A 4k & P ik BUK BB 1 R
B AN BE AT O\ T AR B AL DR R A Y R = R
™, 3 W] 3R B R B R AR 38 Bl B v i A 45 Al g A
JiE PR, 3 p A DO T B S I R A Y e
Je A5 JRL R 2 %%ﬁﬁk A A B R4
?%Eﬁt 1717 4 5 1 FR K R O i AR, A i B K 12
PRI A r“liﬁﬁﬁﬁﬂif)?kriﬁﬂ%%éwﬂth
@ﬂﬂ/:{uf“%ﬁﬂﬁsz%ﬁ J5 7% G AR )
, (H LA A] e O A me AR T 1. R R LRI
&HT 2 W 5697 A UK 2o E L, DLpT ki — 20 )
i 483453 7
ZE R gk & M ik ARUK 7R B AR L AR
R R FE B, HR T O B A R R T A
WA TRA o bl X4k & 1 FR K & 9 ML i EE e )
TR, Toll B 32 1K A S 1 41 X 7 B T R 6 58 400 it
Rl VBRES T T Y RAE SONE L E I LV I S R
5 DR 2R TE G A 005 i B VR 22 R e 4R UK UK X
— 2o R R T, Ok B RRUK TR I 4R A

B B S
FlzEm®R L

£ % X W

Adams RD, Fisher CM, Hakim S, Ojemann RG, Sweet WH.
Symptomatic occult hydocephalus with
fluid pressure: a treatable syndrome[.l]. N Engl J Med, 1965,
273:117-126.
Hakim S,

symptomatic

"normal" cerebrospinal -

Adams RD. The

hydrocephalus with normal cerebrospinal fluid

special clinical problem of
pressure: observations on cerebrospinal fluid hydrodynamics[J].
J Neurol Seci, 1965, 2:307-327.

Bgrgesen SE. Conductance to outflow of CSF in normal pressure
hydrocephalus[J]. Acta Neurochir (Wien), 1984, 71:1-45.
Karimy JK, Reeves BC, Damisah E, Duy PQ, Antwi P, David
W, Wang K, Schiff SJ, Limbrick DD Jr, Alper SL, Warf BC,
Nedergaard M, Simard JM, Kahle KT. Inflammation in acquired
hydrocephalus: pathogenic mechanisms and therapeutic targets
[J]. Nat Rev Neurol, 2020, 16:285-296.

Isaacs AM, Riva-Cambrin J, Yavin D, Hockley A, Pringsheim
TM, Jette N, Lethebe BC, Lowerison M, Dronyk J, Hamilton
MG. Age -
systematic review, metanalysis and global birth surveillance [ J].
PLoS One, 2018, 13:0204926.

Dewan MC, Rattani A, Mekary R, Glancz LJ, Yunusa I,
Baticulon RE, Fieggen G, Wellons JC, Park KB, Warf BC.

Global hydrocephalus epidemiology and incidence:

specific global epidemiology of hydrocephalus:

systematic
review and meta-ana]ysis[]] J Neurosurg, 2018:1-15.

Daou B, Klinge P, Tjoumakaris S, Rosenwasser RH, Jabbour P.
Revisiting secondary normal pressure hydrocephalus:
exist? A review[J]. Neurosurg Focus, 2016, 41:E6.
Zahedi S, Hudson M, Jin X, Garling RJ, Gluski J, Nowak C,
Marupudi NI, P, Harris CA.
ventriculoperitoneal disconnection for hydrocephalus
treatment[J]. J Neurosurg Pediatr, 2020, 27:125-130.
Tamber MS. epidemiology  of
hydrocephalus[ J]. Childs Nerv Syst, 2021, 37:3305-3311.
Zhang JY, Li Y, Ma YS, Sun X]J, Liu YZ, Yin YK, Hu B, Su
MH, Li QL, Mi YC, Li
prognostic factors in
hematological diseases[J]. Ann Hematol, 2022, 101:2617-2625.
Hochstetler A, Raskin J, Blazer - Yost BL. Hydrocephalus:
historical analysis and considerations for treatment [J]. Eur J
Med Res, 2022, 27:168.

Meiring S, Cohen C, de Gouveia LD, Plessis MD, Quan V,
Kleynhans J, Menezes C, Reubenson G, Dawood H, Nchabeleng M,
Said M, Mvelase N, Mahabeer P, Chomba R, Lekalakala R, Nana
T, Chibabhai V, Black M, Gottberg AV; GERMS-SA. Case-fatality
and sequelae following acute bacterial meningitis in South Africa,
2016 through 2020[J]. Int J Infect Dis, 2022, 122:1056-1066.
Bodilsen J, Schgnheyder HC, Nielsen H. Hydrocephalus is a
rare outcome in community - acquired bacterial meningitis in
adults: a retrospective analysis[]]‘ BMC Infect Dis, 2013, 13:
321.

Holste KG, Xia F, Ye F, Keep RF, Xi G.
neuroinflammation  in
hemorrhage: a review[ J]. Fluids Barriers CNS, 2022, 19:28.
Omar AT 2nd, Bagnas MAC, Rosario - Blasco KARD, Diestro

JDB, Khu KJO. Shunt surgery for neurocutaneous melanosis

does it

Begeman Investigation of

shunt

Insights into the infant

DP. Clinical characteristics and

intracranial hemorrhage patients with

Mechanisms of

hydrocephalus  after intraventricular

with hydrocephalus: case report and review of the literature[J].
World Neurosurg, 2018, 120:583-589.e3.

Chen Z, Song W, Du J, Li G, Yang Y, Ling F. Rehabilitation of
patients with chronic normal - pressure hydrocephalus after

aneurysmal subarachnoid hemorrhage benefits from



e B 2850 2 7 2023 4K 6 J1 46 23 44 6 1)

Chin J Contemp Neurol Neurosurg, June 2023, Vol. 23, No. 6

495

ventriculoperitoneal shunt[J]. Top Stroke Rehabil, 2009, 16:330-
338.

Davson HG, Hollingsworth G, Segal MB. The mechanism of
drainage of the cerebrospinal fluid[ J]. Brain, 1970, 93:665-678.
Pellegrini L, Bonfio C, Chadwick J, Begum F, Skehel M,
Lancaster MA. Human CNS barrier - forming organoids with
cerebrospinal fluid production[]] Science, 2020, 369:eaaz5626.
Ackerman SE, Pearson CI, Gregorio JD, Gonzalez JC, Kenkel
JA, Hartmann FJ, Luo A, Ho PY, LeBlanc H, Blum LK,
Kimmey SC, Luo A, Nguyen ML, Paik JC, Sheu LY, Ackerman
B, Lee A, Li H, Melrose J, Laura RP, Ramani VC, Henning
KA, Jackson DY, Safina BS, Yonehiro G, Devens BH, Carmi Y,
Chapin SJ, Bendall SC, Kowanetz M, Dornan D, Engleman EG,
Alonso MN. Immune - stimulating antibody conjugates elicit
robust myeloid activation and durable antitumor immunity[ﬂ.
Nat Cancer, 2021, 2:18-33.

Mielcarska MB, Bossowska-Nowicka M, Toka FN. Cell surface
expression of endosomal Toll -like receptors: a necessity or a
superfluous dup]ication[ﬂ? Front Immunol, 2021, 11:620972.
Muthusamy N, Williams TI, O'Toole R, Brudvig JJ, Adler KB,
Weimer JM, Muddiman DC, Ghashghaei HT. Phosphorylation -
dependent proteome of Marcks in ependyma during aging and
behavioral homeostasis in the mouse forebrain[J]. Geroscience,
2022, 44:2077-2094.

Castaneyra-Ruiz L, McAllister JP 2nd, Morales DM, Brody SL,
AM, Limbrick DD Jr.
hemorrhage in vitro:
ventricular zone[ J]. Fluids Barriers CNS, 2020, 17:46.
Castaneyra - Ruiz L, Morales DM, McAllister JP, Brody SL,
Isaacs AM, Strahle JM, Dahiya SM, Limbrick DD. Blood
exposure causes ventricular zone disruption and glial activation
in vitro[J].J Neuropathol Exp Neurol, 2018, 77:803-813.

Shen D, Ye X, Li J, Hao X, Jin L, Jin Y, Tong L, Gao F.
VE - cadherin in plexus and
attenuates via VEGF/VEGFR2/p - Src
intraventricular hemorrhage rat model [J]. Int J] Mol Sci, 2022,
23:8552.

Peng K, Koduri S, Xia F, Gao F, Hua Y, Keep RF, Xi G.
Impact of sex differences on thrombin - induced hydrocephalus

Fluids

Isaacs Preterm  intraventricular

modeling the cytopathology of the

Metformin preserves choroid

hydrocephalus in an

and white matter injury: the role of neutrophils [J].
Barriers CNS, 2021, 18:38.

Jeon JP, Han SW, Kim TY, Lim SH, Youn DH, Rhim JK, Park
JJ, Ahn JH, Kim HC, Yang J. Association of haptoglobin
phenotypes  with patients with spontaneous
intracerebral hemorrhage[ J]. Life (Basel), 2022, 12:1001.

Fejes Z, Pocsi M, akai J, Erdei J, Téth A, Balogh E, Rusznyak
A, Fenyvesi F, Nagy A, Kappelmayer J, Jeney V, Nagy B Jr.

outcomes in

Preterm intraventricular hemorrhage - induced inflammatory

response in human choroid plexus epithelial cells[J]. Int J Mol

[28]

[31]

[35]

[36]

Sci, 2021, 22:8648.

Huang S, Hu W, Rao D, Wu X, Bai Q, Wang J, Chu Z, Xu Y.
RIPK3 - dependent necroptosis activates MCP - 1 - mediated
inflammation in mice after intracerebral hemorrhage [11. 7
Stroke Cerebrovasc Dis, 2022, 31:106213.

Meng H, Li F, Hu R, Yuan Y, Gong G, Hu S, Feng H.
Deferoxamine alleviates chronic hydrocephalus after
intraventricular hemorrhage through iron chelation and Wntl/
Wnt3a inhibition[ J]. Brain Res, 2015, 1602:44-52.

Ramagiri S, Pan S, DeFreitas D, Yang PH, Raval DK, Wozniak
DF, Esakky P, Strahle JM. Deferoxamine prevents neonatal
hydrocephalus  through choroid plexus -

Transl Stroke Res, 2022.[Epub

posthemorrhagic
mediated iron clearance [J].
ahead of print]

Lummis NC, Sanchez-Pavon P, Kennedy G, Frantz AJ, Kihara
Y, Blaho VA, Chun J. LPA1/3 overactivation induces neonatal
posthemorrhagic hydrocephalus through ependymal loss and
ciliary dysfunction[J]. Sci Adv, 2019, 5:eaax2011.
Lopez-Serrano C, Santos-Nogueira E, Francos-Quijorna I, Coll-
Mir6 M, Chun J, Lopez-Vales R. Lysophosphatidic acid receptor
type 2 activation contributes to secondary damage after spinal
cord injury in mice[ J]. Brain Behav Immun, 2019, 76:258-267.
Larsson A, Wikkelss C, Bilting M, Stephensen H. Clinical
parameters in 74 consecutive patients shunt operated for normal
pressure hydrocephalus[J]. Acta Neurol Scand, 1991, 84:475-
482.

Larsson A, Bergh AC, Bilting M, Arlig A, Jacobsson L,
Stephensen H, Wikkelso C. Regional cerebral blood flow in

normal pressure hydrocephalus: diagnostic and prognostic
aspe(:ls[ﬂ. Eur J Nucl Med, 1994, 21:118-123.
Stein  SC, Langfitt TW. Normal - pressure hydrocephalus:

predicting the results of cerebrospinal fluid shunting [J]. J
Neurosurg, 1974, 41:463-470.
Wang L, Geng G, Zhu T, Chen W, Li X, Gu J, Jiang E.
Progress in research on TLR4-mediated inflammatory response
mechanisms in brain injury after subarachnoid hemorrhage [J].
Cells, 2022, 11:3781.
Daniel M, Bedoui Y, Vagner D, Raffray L, Ah-Pine F, Doray B,
Gasque P. Pathophysiology of sepsis and genesis of septic
shock: the critical role of mesenchymal stem cells (MSCs)[J].
Int J Mol Seci, 2022, 23:9274.
Li Q, Zhang L, Shan H, Yu J, Dai Y, He H, Li WG, Langley C,
Sahakian BJ, Yao Y, Luo Q, Li F. The immuno - behavioural
covariation  associated with the treatment response to
bumetanide in young children with autism spectrum disorder
[J]. Transl Psychiatry, 2022, 12:228.

(i H 391 :2023-02-17)

(R3S M)

THREE AT 2023 45 7408 L8 A BTUR SR}, T A A ELAE - AT B — 44 D8 75 ) PR AR BRI 5 28 1 BT A
BB N DA S8 ST D AL DX ) A B S 5 I A8 A AR R T o 2 A BT S U i 98 D10 B R o % 17 T L 5 Ao 2 AL BE R S SR TR
Hh A Bl DR AP B W R IR ST B BT 28 B MR R U B b AR R A T R R RT TR BT BT R T s R N B
2 BRI AR V)R UG B PR B BT s M2 BT AU R IR VI BR AR S 2 I 5 R 5 i N R A3 A



