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Observation of effects of cortical spreading depression on cortical microcirculation after subarachnoid hemorrhage under
transparent cranial window
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[Abstract] Objective To observe the effects of cortical spreading depression (CSD) on the cortical microcirculation after
subarachnoid hemorrhage (SAH). Methods Thirty C57 male mice were randomly divided into 3 groups of 10 animals each, i. e. normal
group in which the transparent cranial windows were made and KCI dropped into the cranial window, control group in which the
transparent cranial windows and SAH models were made and the physiological saline dropped into the window and experimental group in
which the transparent cranial windows and SAH models were made and KCI dropped into the window. CSD and the cortical
microcirculation was recorded by laser speckle blood flow imaging and endogenous signal imaging technology. Results (DCSD appeared
in the experimental group and the normal group, but not in the control group. (2) Compared to those before dropping the reagent, the
cerebral cortical blood flow significantly decreased (P<0.05) and the cortical blood vessels significantly constricted, especially the 5th
day after SAH in the experimental group (P<0.05), the cortical blood vessels significantly dilated (P<0.05) and the cortical blood flow
significantly increased (P<0.05) in the normal group and the cortical blood vessels and blood flow were insignificantly changed in the
control group (P>0.05) after dropping the reagent. Conclusions (DKCI can induce CSD in the normal and SAH mice cortexes. @ CSD
can induce the increase in the cerebral blood flow and vasodilatation in normal mice cortexes. (3)CSD can induce the decrease in the
blood flow and vasoconstriction in the SAH mice cortexes.

[Key words] Subarachnoid hemorrhage; Cortical spreading depression; Laser speckle technology; Endogenous signal imaging;

Cerebral blood flow

23 HOE AT ] (cortical spreading depression,

_ N ) CSD ) Sy K B2 J2 555 48 Pl B S 0, 2 i 2R
doi:10.13798/j.issn.1009-153X.2019.06.011 o . I i e " .
SEATH | FR ARSI S (31870045) R M LR R ar g R ATCEMAEE I B TR R ER" . B
(2018M641411) 5 WIHL A DA 530 & & BSR4 T E 2 B, CSD 7E Wk M B T B2 5 Ifil (subarachnoid

(WJ2018H0065) hemorrhage , SAH) J5 - I A ARG &4, 45 55
M B4 < 430065 BUTL, OB K BE 24 B (CRAEWE 0 1) 5 910G 5 45 0 i S R % T e ol M R 2 1 Rk R A
430070 L, o2 LA AR o 60 O 64 5 e 22 1B (R AR (delayed ischemic neurologic deficit, DIND) B4 B i
BE BRI 0 W) ;430074 BRI, B 5O HL 9 0 5 (2 . . ' e

%) 2 o A ORI /N B SAH A58 61 7452 7 1T SE 1135 I

EIRPER X I, E—mail:5564793@qq.com PTG RCBE I R A5 A TR (5 5 AR e R



FF I R 2 AR 5 2019 4F 6 H 45 24 55 681 Chin J Clin Neurosurg, June 2019, Vol. 24, No. 6

-353-

L FNASNEL CSD XF SAH J5 Bz 2 AR ER R 5400
1 HRS TS

1.1 £ R B30 BIifErE Cs7 /R (K&
20~25 g, A HB R T WAL A8 B0 10 7 S5 45 il o)
BEHLS> A IEH AL KRR SR, Adl 10 ., =41
A3 S A2 B f T, 1B 4H 3 S B KCL X B 2 A1
YESAHRERY 75 407 NaCl; WLELAH IA/E SAH ALY |
PR KCL, ME/NRERS 1.3.5.7.14 d CSD
R, [ A RS0 B J2 S R A2 Ak

1.2 SAH A A 69 32 5 R 301 8h bk P 258 o v A 7
SAHARH , /NGB 1:3 RS 5 FUBE T TR
Ja, BETFARG . MESFERYIE A2 B
?ﬁ%ﬁ‘%&?éﬁéﬂ ,%%%ﬁ,‘éﬁjﬂﬂ((common carot-
id artery, CCA) | i 4} 3l ik (external carotid artery,
ECA) #1%5 N 8 ik (internal carotid artery,ICA) . %%
ZEFHLICA .CCA, FE[FL5FLECA, M ECA &5 FLIT L i
B —HR 5-0 FE I 2 ECA /i A ICA, 7E 25 I A 1 3T
Dovin 2L, N ECA P25 F L0 25 W7 ECA . s 5
2R HT )7 W) Y ICA 28 CCA, Fifi 5 F 2 £ A iy e
P AT 129 20 mm) , FEH T HE 1~2 mm,
LB AR Bl KR R R Bl ik o AL
Je 2k it o

1.3 DR FE MR E AR CSD % F & 69 F4E /NEUIRER
VRIRZLE R IR RIMO [ ZE M a7 A4 i X L df i) —
A RS IR A R AR AE (37£0.5)°C FETIE
IERREYI N B2 R . TR GREFF AR
a4 JOREE ) P — KN 3 mmx3 mm [ X3,
FH B 1M X 3 5 3 2 459 40 358 W R CFH KR 5
B )23 05V W AT D) S IS Y e IR BE 24 SR 100
pmo TE [F— &, FH A RHG AL (FLAR 1 mmx1
mm, K755 CSD % F) , PRI A i R e e (1 1) o Al
FHBYE -7 56, JR B i K e S ZE A 5 7 A P o
1.4 #FCSD 8 7 & RHKCIES . BT
FHIBC 1 mol/L (RLZE /K BL &, 15 ek = FE K B ) 1) KCL
W1 W B A Z  TREZ) 2 mm, X R4
VR NI wl A BEER K . HICERE RGO P9 TR R
A sh Ak, WA S CSD Ja 5 A sh 25781k,
KT

1.5 Ok #ose dn R R AR A R A 5 R AR AR A
J& 85 1 RSN BOAE S AT 10 min P9 A9 AR L EFT AR
B, 0SS R, IR AT AR OGS . RS -
/N BR[04 R 1) SCHE TSP SO G RCBRE J AR AL il
PR CIR & H O S B R AP R IE G

()24 51658 DL — e B (R A B R 08 M WL 1 3R
T], 0 SRS EME 600 s NS5 A% - 8 Baumer
AEBILAZ K 1 45 = IR AR AL, T IS S50 il ok
SR 600 s TEEMGIC R FE T, ATE-S:%
A1 pl KCL AR E Mgk G . LU 53 T Al
BURH3.5.7.14 d S EE DL EE—K . G R
Hh R P BRI A B ] — Ak B SR sl ok i A8 A8 A S
[i] — DX 38l Jey 358 ki 1113 7 (regional cerebral blood flow,
rCBF) . % MATLAB #4750 07

1.6 43t 5 54 R SPSS 20.0 S F 43T, 22 2 %%
R ves Fm AT HA R 7 2250WT 5 SR Pearson 156
RBT TR ENE, LU P<0.05 R HAGTERE L,

2 % &7

2.1 A A A R IRILE WEELL o RN BRI AT L
WLZ2 3] ok P JE T s PN AEAE I (1] 2a) , AT LATESE 35
P Bl ZE A R AR T R ) o I 5 LA DR P 5 T
Ji et (11 2b ) o

22 WIRAEF AL T CSD & A B 75 NI T W
CSD &AMt A8, T2 BT GO I MEATLAB JnA 53
Mr, A3 HIEHR 411.3.5.7.14 d FTiF 51 cSD I K
(E3), WAL N T R T, 5
Wt & AL DL B, 5K TE 600 nm LLF
PG T 55—k CSD AR fF AR —30 . WIERATE 1.
3.5.7.14 d TS0 CSD PR R (K 4) , AR LK
HERI N IR TR AR AR (H RS
WRAEFEZE LT SR M i R 34, T4 — R
ANTERARL A BRI N LT CFRE BT

F1 SENRCSDESHEMESERMNEL (um)

21531 5 Vol
papiizEiil 9.44+1.53 9.42+1.34
IEH A 11.350.14 12.87+0.32"
WEEH 9.21x1.27 7.08+1.64°

T S BB LH AR A L, * P<0.05; CSD. Kz )24 B tEf

#2 BH/NR CSDFESAIE rCBF Z4L (ml/min)

24 51 rias i} Vi AR (%)
WREZAS5 d 44.26+2.36 43.07x1.34  -1.19£3.25
XHBHT7d  52.14+3.14  51.06+3.21 -1.08+2.35
IEHHSd  86.64£3.24°  112.45+2.35%  31.79+6.25
IERATd  88.43+2.54"  115.164.31"  32.6427.56
MBS 42134246 20.32+4.36"  -51.76+6.76
WELH T 51.68+3.28  28.14+3.26"  -45.54+8.31

VE XA AR L, * P<0.05; 55 ST (E L, # P<
0.05;CSD. K224 BeEIHl 5 rCBF. Jmy A ML 37



—354— FR I AR 22 B2 5 2019 4E 6 H 45 24 %5 6 48] Chin J Clin Neurosurg, June 2019, Vol. 24, No. 6

B/l ARLEE
JEE 39 4 %9 3 mmX3 mm 49
R 3% ;55 53042 1 mmx]1 mm

Te ¥ oy 050 et e b g e2miey CSOumebmeme e 2 173 50 e e o g TR 0 e o s T terssns 300 Cotmgms
== . == B ==
| =) %) e
) o |, | e |
; .
o 5
5 i E -5 s
H H H H
% e o~ - e}
= = = =
. -
= - « o
I S . I e R —— S RN R
s = 2 e )

B3 A A MATLAB #k 440 22 )5 43 1 89 (25 205k BB T B ki a5 1.3.5.7. 14 d KCL#5 5 7 2449 CSD % B A

e (it [— S R el 0 et b S windSeg
T T T T -
= ==n == ==i
5| - ] - 1
i
u . a2 5
= - £ 15 E
£ . £ E
e i =
= L EE B
= & la =
o =i a B
|
g
| m " ol =) L d

w

El

A.F 537 (0~1 min) ; B. i )5 o 424 AT K (1.5~2 min) ; C. CSD sz /8 3% 201K 45 2 (2~4 min) ; D. CSD o 0 45 M £ 1 (4~15 min) ; E.
WA BEFA e e e SRR T A IR AR



FF I R 2 AR 5 2019 4F 6 H 45 24 55 681 Chin J Clin Neurosurg, June 2019, Vol. 24, No. 6

-355-

VUAHAE AL, feJ e T AT T2 R BT AR IR
CSD e . 5 1E % 4UAH Eb , WAL 4] D 1) 2l AR e
Wk . /NER SAH A AT BEAFFE CSD, DL E TFiE S A —
U CSD IR , 15 S M0 2 25 0L T4 U CSD LA K¢
5 W LLE I CSD. XF BR 41 A NaCl i 5 o 7= A=
CSD, P EI B — 4 EHLER, Je )2 H i AR 1L
2.3 BT R A iR B OGO R B R 2T
FEAZA 07 A AR, A QA2 A o I R
L5 A M 45 18 DT A AR i 0L 3 2, T8 /N B
755 CSD J Mg 1 45 LR AR UL IEL 5

2.4 %4 &% 2 rCBF 69 & A X BEZH /N U SR
J& M A AR AL AN B (P>0.05) 5 1E # 4/ BUE
CSD Ji I35 8 A2 5 i I S 38 K, 55 06 FR A L 5 22 57
HA G5 L (P<0.05) ; MEL 4L /N5 S CSD e
IS AT B s, S IR 2 R HA S
JHeFE X (P<0.05), W1,

X R /N B S AT S vCBE G B AR 1k (P>
0.05) . 1EH# 41/ CSD J& rCBF 85375 1 BH .34 fin
(P<0.05) ., WLEELH /N CSD RifJ AH R AE 5 % FE4H L
AP B (P<0.05) . WL 5.7 d CSD Hij 5 #H
It rCBF 2{E B B8/ (P<0.05) , B ARMEAESE S K, =2
JE IR . W2,

34 i

i I 4 28 J SAH J 2 DIND By £ E R A
FEEE R R N T 5 SR AT X 3R A i 1 4 ER AR A
TR IT 15 it T AS REAT A% FULBF DINDP, 3T JLAE 58 &
B, SAH J&5 - 1 i 451 475 (early brain injury, EBI) 1] GE
ST SAH RN B 9 B R B R R A A X
EBIHFATIRYT AT, LA $2 5 SAH s N A= A7 %A
oS N T ) T B, WEST R W, EBL A
DIND (L] #0528 A BT B G , X Fp i 5
SO LTI | B R , SR AR, iR A, iX
T WAL I st 2 CSDP ., CSD 2 48 1 28 7T I 28 15
JE 2 A A Fe Al I HaX b d i A A% 4% 2 B )
PR L B IS B0 & A Sh i G
ARSI FH O BOBRE RS AR WD SAH 1T IS 2 AN [F]
3 A P i Bz JE GG I R A, 5 L RIS SR FH N DR A
Sl S S A B CSD B ARk AR, 4 R R
L SAH J5 B & th B0 F &R CSD, 722 14 ds i H
CSD 272U SAH J& 0 B2 J2 ML T R I A WA i 1E
HABEOLT , CSD 2 i I ji &34, SAH J5 CSD
o= R 0 e = S I R N 1
SAH #4: K 1 CSD, 53k 75%H CSD % A 78 3 ik g

PESAH J5 5~7 d . 76 SAH R AGZH 4 | Jz 29
RO 2 A sk 2 i i %, T 35 RE B Y S, 2H LR
AN A, 5T SAH Ji CSD Y 7= 2 K gl i
HL, AT BE = SAH J i A W4 5 | Ak Ay i a3 R 11K
AR I R DA R AR I PR KT A B /)
M 2 B T EUORE 7 A T B /N A ik 5
FeZY WAL, 54N, SAH R )2 K4t
I e 15 | A 40 M 25 0 5 PR R BG4 A
BT TR, o CSD B S A AE T, R R,
CSD Y & Az 25 AR SAH 955 B A= B A% IRl CSD
1 e A A AR R N A B 118 FE o0, PR 5 AT S 3L
A8 R 25 BT B IS I0 , CSD 1) 40 i 24 0 0 455 Wi 4
V55 3 a0 iy B 2 i i %0, B [ VE L Pl 2 S
HSAH 5 CSD i & A 520 SAH J FEAE FE

(&% k]

[1] Leao APP. Spreading depression activity in the cerebral
coltex [J]. ] Neurophysiol, 1944, 7: 359-390.

[2] Carl M, Masayuki F, Kazuo O, et al. Filament perforation
model for mouse ubarachnoid hemorrhage: Surgical—
technical considerations [J]. Brit ] Neurosurg, 2014, 28(6):
722-732.

[3] Sehba FA, Pluta RM, Zhang JH. Metamorphosis of subara—
chnoid hemorrhage research: from delayed vasospasm to
early brain injury [J]. Mol Neurobiol, 2011, 43(1): 27-40.

(4] frrstn, % R A= SR sk R T e i s S A A
ROBIFFTHERELT]. ZR MR o4l B2, 2015,34(2) : 308~
312.

[5] Sehba FA, Hou J, Pluta RM, et al. The importance of early
braininjury after subarachnoid hemorrhage [J]. Prog Neuro—
biol, 2012, 97(1): 14-37.

[6] Dreier JP, Major S, Manning A, et al. Cortical spreading
ischaemiais a novel process involved in ischaemic damage
in patients withaneurysmal subarachnoid haemorrhage [J].
Brain, 2009, 132(Pt7): 1866-1881.

[7] Dohmen C, Sakowitz OW, Fabricius M, et al. Spreading
depolarizations occur in human ischemic stroke with high
incidence [J]. Ann Neurol, 2008, 63(6): 720-728.

[8] Dreier JP, Major S, Manning A, et al. Cortical spreading
ischaemia is a novel process involved in ischaemic damage
in patients with aneurysmal subarachnoid haemorrhage [J].
Brain, 2009, 132 (Pt7) : 1866-1881.

(2019-03-09 Hitffi , 2019-04-18 f& 1] )



