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Realtime analysis of cerebral critical closing pressure: system
development and application
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Abstract and key words

The concept of cerebral critical closing pressure (CrCP) can provide valuable
information about the pathophysiologic changes of cerebral circulation and enhance
understanding of the mechanisms of cerebrovascular regulation. In this project, we
devel oped custom software by using commercia software (Labview 8.5) for real-time
calculation of CrCP. The softwareis able to calculate CrCP and related indices by linear
regression model; and to display and to store the raw data and results of analysisin red
time. We found that correct detection and aligning different signals was the most important
step to get good analytic results during simulation. Our real-time analytic system was
optimized by allowing individualized adjustment according to subjects’ heart rate range and
source signals. We studied the traditional indices of cerebrovascular regulation, including
CO2 reactivity, breath holding index, carotid compression test, and CrCP related
parameters derived from our analytic system in normal controls and patients with carotid
arterial stenosis. The correlation test showed no significant correlation between studied
parameters. The values of correlation coefficient and CrCP derived from our analytic
system were lower in patients with carotid arterial stenosis compared with those in controls.
The insignificant correlation between different indices of cerebrovascular regulation and
CrCPrelated parameters suggested that different indices were regulated by different
autoregulatory mechanisms. We also applied our analytic system to patients with
intracerebral hemorrhage. The CrCP related parameters could reflect subtle changesin
blood flow Doppler waveform during changing head position in some patients, whereas
traditional Doppler parameters showed no significant changes. However, the changes of
CrCPrelated parameters and traditional Doppler parameters during changing head position
and hyperosmotic agent infusion were quite variable among different patients. The
usefulness of CrCP related parameters in assessing cerebrovascular regulation and outcome
needs further large-scale investigation. In conclusion, our real-time CrCP-analyzing system
Is convenient and has potential in future research and clinical applications.

Keywords: cerebrovascular regulation, critical closing pressure, transcranial Doppler,
carotid arterial stenosis, intracerebral hemorrhage.



RIS G TR b R SR RS T - B £ R ik
F1%£[1,2] i7# %%ﬁpl’q,\gﬁfl\i&q BV B > B AT LG 2k TR IR
i R (3] 3B DRGSR LR 2k ] DER RS R
R EA DL R (4,500 81 S B 2L 1 gRBL - e T
AR Aok FAREDIR 1SR RN A AL o SR LR DTG
f2 o FHTRA RS L L3 1951 & pFd Burton #74 21[6] 0 5 2 A F A f
Wﬁ@JT%q+“ﬁ§%’*£ﬁpm@4ﬁ¢ﬁ%&?%m%4lﬁg‘Mﬁm
B4 o g gHaagan iy ko - B L FWHH PR MRS TEF LR
oM b A SR %Y HT "Wﬁﬁ%EJE?%i*P%?’ﬁﬁé’“
?'LE”%ﬁMNL&*%wdu_%%41Wﬂﬁwﬂ#9?%vﬂ7%°*m§““*ﬂ
Pt e BRI > B P90 E R - B FE RS fﬂ“’mfﬁimﬁgfﬁ”ﬁ%
RS AR

-

\.

PORERSERLPHTRE RS 2 Bl ETeR LA A p e -
zﬁfﬁNW@W}@JmﬁwwﬂmﬂA»vﬁa—@emma%kﬁgﬁﬁﬁ;
7B 4 4 ﬁﬁmm4w&aaﬁﬁd:/w% R R L R

;% &]4r © Finapres, Portapres & tonometer #7 & ¥ 2. n & X*L b TRh R4 BE T
2%!&%"’?"’*‘3&’&/@%1& m M e REES A2 PE R €S TR E D
Wﬁﬁ%@%@éﬁﬁwuﬂ,mﬁ&P%ﬂwﬁﬁ$@4mmwxm%ﬁmsﬁw
P FE R RS St @ HEREERG D I  At EE R A TRR R
S RTPFHERRA L ET G ﬁgcfl;ﬁ&‘“hﬂmdii%\l,*%wom%ﬂ o A U
Tonometry & & %Ez‘frfr/”‘f%i B RengE Rk B4 L RS FHRA RS ;ﬁ p
FERRW LA e e Besg> AR EFHERRS L NP HRARS A7
A g™ T4 24 m?a?énb £ et 2 By f%%é‘ﬁifﬁi’ag'tieﬁ#%?')g%i E NN T
WMo P TRE R oM SR ET P ATRR R G RRAT LR R
Rz P inendp 3R TR[10] 0 0 R PR U TR B AL > B TR T RV OE phgE R R
g b [11] s A EEF AT AL RA g A S ARG R 2 Ay 0 2
Tk b enfl ™ I U FALEOBR B T G AR Tk b 2 PRl i EAe
RAER B AR - R AE BERIRLFFLERT FHRARS D
Flc o AL QP ESEM L 4T kS o

l

Ha iR P p A 3h f(cerebrovascuslar regulation) s 4 ¢ AREF L F S A }}%«lir
P ko~ BRI f:;- . iﬁ’i”% CR T O 2 £ £ 1] f;’ﬁ By BT o B oA AL H I R
BB F AR A A A H Y - S L LR (Static test) & 35 1 1) Pid vEex
(Hyperventilation) &% ¥ » 3 k& = i LR £ F Rde D% T%CO; Mg = ¥ = F 0t
B w R e [12,13) 5 2)# %1 6t B d R chE 5 e ephedrine s % R A 5 1R 2
S REL QMMAFPRE AT L RBEREE o e 25 ERE E Ao
AT BRAAERA L RRET B EANEHER %1uaﬁ,wwgam$@
i & B @-‘;’Epﬁﬂ. P -F)sl“im?% Lo ﬁi’{dﬂ PER-SCNT IR B - x§ r’ﬂ;] F }f%- ¥y - = z;\FF
=2 5 P i PlE(dynamictest) » W EGTE AEATe R T ”ﬁﬂ. e mfﬁ Ay i
17 0 0 4 D 1)Aaslid’s F A $& 0 e ARG R) Fé(thlgh cuff test)[14,15] ; 2) = &1\7
o o % 1 ep i 4 (phase-shift)[16,17] 5 3) = B {eiga i g 3 4~ $7[18,19] ; ) B #
(breath holding)ip|:£[20] ; 5)Valsava ip|3#[21.22] ; 6)5f 6 #% B 18 ;2 [23] & B 4 7 /b R
4 m/,,\*frm@g;‘;,__vf] fﬁ?;{:% =3 ;%{.g_zjf,a ,£ pé*ﬁ—;}k@ﬂ?m,é * o5 7R A g % p| ¥ 5 a4
K73 AR o PHEARS Aror B kB LA RIS 2 B Pl %o R

1



Py REGRE -

F\’%E%‘Efﬁ%@ PEBE R R R RO ESEIREG 2 RFL FHRRE
4110,11] » #12 R % ﬁ#iq-;.lff’ i % Ry 3 B (cerebral perfusion pressure) % ** x
R4 E N R B 4 (cerebral perfusion pressure = blood pressure — intracranial
pressure) > fis i It 5 fo AR ¥ 0 R B 4 TR &R 4 (cerebral perfusion pressure=
blood pressure— critical closing pr&wre)ﬁ&:f:\ &2k R[24.25] o B oA R PLFEF B
e R B SRR G R PR 0K LR AR 4] B LR R
2 P\@mﬁ‘ PN h/é/ B AR A B R AR E e o g e ¥R AT
RGP ABRE G G R iR e B R R R) B
<2 70 ® F *\1‘1 v vy 3R fﬁs%%%ﬂf F 7 Medk o fodp § i 2 [26,27]) - FIF & TR
A hg R ET UK avi»w o cups 2 éz*l" PR R SRR AR R R Iy
ot MApROTH B L RBIFR R BERAILDS EY 0 0 2 2R RO TR
w,@wﬁz’Wﬁﬁ%EJﬁ%,@**%f&ﬁwﬁi LR E

P TR URBERFHIRA RS FE AL L AHTITE AT B G R
RLHE B ERP A TRE RS T S 4 L s AT R T 2 T
o g LR {0 AR F R PHRAR Y il FiiE- SRR
BTRR B DL R ARR ) RIRLf FORA BB DT o R RN 2 —
TEAF R GRERERFHRARS @ty 8oy k.

F-2do5 18- 2P HRERA Av\’]"?“rﬁr*md'%"h’%j‘??:; R e
o AR P e SR L SRR R i @ SR
AL H N & S Aoz 0 E{ﬁvﬁ J& 1+ > breath-holding index, carotid
compressiontest % » &1 ¥ 4 2257 ?ﬁv" &—*"F'“mﬁﬁf'&ﬂ*'imi‘ﬁ LR = S
2. eg BBV g ﬁﬂﬁﬁﬁf’i’?%ﬁ&‘%\%‘r, wuf@ B R g_ﬂ‘z; sg“rs ‘hig B
—’ﬁ P TR AR R TR R RN R R R REAEFRT "nfi%W%‘T&?‘@
YA fEA LR B 0 B AT R S TR TR T (5 B T o

B EFEFHERRBRPHTRR RS DL AT R Y T REALF & Arie T
S MRE R i kAR R R NEFRERFERARY RN AF YRR A
BEM R AT N LB AE > ¢ JE4EN 425 A1 B4 TC4040, EME
Nicolet Biomedica Inc., USA) ; 5 § % et § %= § B T Bk (%3] : COSMO;
Novametrix Medical Systems, Inc., Wallingford, CT ) ; = ipa B (#7) : PORTAPRES,
Model-2, TNO-BMI); % <« T Bl & s £ AF 2 £ weg B (4] : Colin7000) % 4c 12
B o TR R L ’%%iﬁs:]»,; - st —dci i B (A5 0 BNC2070 and
6020E, National Instrument, USA) i A T i T AR T B A T RGP 0 I
BEFSF LA YT AP TR A e g Labview ikl k3T reAR N i (7
RNFTG AT R Bk e

[EN R i e R N CRFE Y N BRETRG b Rk (B eRT i Rt ﬁiﬁﬁﬁﬁfﬁ"
BT b b ey BE 1 GO BF T 08 3 B AUAL S AN 0t - B G AUE 5 e
2



oo ok 120 AR R AT AL

Pa(t)—CrCP

F@O =
CVR

He FrZza g PREABRERS S CICPRLAFHRMR4 > d CVR & £ 7
TR AN & L5 R ph e gL R TR S WA o L -] S
(M A E7 ) b ifen™ f250 e !

w7
Pa (t) — CrCP
AXV (t) =
CVR
t"l—i— ]
Pa(t)—CrCP Pa(t)—CrCP
V() =
CVR xA RAP

H Y RAP & 4 e 4 —g 4 3k ## (resistance-areaproduct) » % 14 & it ﬁfm Fz 5\
kg Vi=a-Pi+bH ¢ | & - wiF e iz - ghoh ik (Vi)fos BHE (P) > 7
Fmpfaﬁ“mw&’mCmpﬁ%ﬂ*ﬁﬂ&ﬁPL@%PmW%

APLTRIERHRFTRE LTRSS AT oA PR A Eh
?%i@ﬁﬁﬂhﬁT’k—ﬁﬁ Zkﬁﬁﬁﬁkmiﬁﬂ$7’ﬁk—wiﬂm
s R B Pk i A Bt B TR B DR A ST R F R B AR T T U
AL B2 Lwﬂ%~ﬁmﬁﬁﬂ¢’r£%~&ﬂmlﬁﬁmlmﬂ%,fwhu
BT T T (realtime) - B P HTRR R 4 it o A PR B R A HR T 2 A
PR AR T T BN A PTRERP TR RS LR PR R
s - ARE o

AL AL 207 b E#L T Jﬂ'u_u_”g}"}fsmlﬁ‘% }}‘l;'—*ﬁ’ » IR P\-:'/?Jpé‘ﬁ}??
35 1 Valsalvaiplig, & A 48 6 = cruErE s > 7%= § (CBLeT R o S B PR R 6 0 PF AL IR PR
E’%mﬁﬁw%a?ﬁﬁﬁ’j&ﬁﬂﬂﬁﬁﬁﬁﬁ%%oiimﬁﬁﬁé’ﬁﬁ
SHEF LA T RER VAT L FR 2L BE R ITRET TR
o RERETRH IS

hisgantd F"‘ PO T 20 SR B R R F ﬁ,—*" B 20 ixip e EES B2 B RR
H o REEH IS TERRL ‘Vdsdvafhé %= $'Lﬁﬂﬁ“»‘l¥$ R~ FER
BRIE HRIGE S BTG RIERREATY 0 X NPT TS 4T KT AP 4 TR
B AP Sk -

TR e i?]'ﬁ% KRl 24 ] PEN 3R E R FE 7 et B0 S
%aiﬁi%*&mﬁ#’%ﬁﬁM$ﬁ%§mﬁ%*ﬁ@&%2J%w(_&_gn
BE2 ) 7 o T PRIGEE AT SEARY TR AL F %Y X 2R A
TR 2527 C 2 o 7%= § v g et c;iFJ’é#iQ R PIF R FE A 430 5 2 fhid vE
oK) 2 441 o “#%%“u non- rebreathmg mEERET%F I RETFRES 4%*" e
SRlH A A e %) 35 4 48 x5 CO2 reactivity (CVR, cerebrovascular reactivity) »

SHES PN .
Bt D3 4eT o

CVR= [(Vmean(7%C0O2)-Vmean(hyperventilation)) x 100/Vmean(baseline)]

3



‘“‘fre” @k/? Fé‘ﬂjd %&/?I—:’Ff l,{i;}'ﬂ’}l‘ 3 @kﬂ_:. 'F‘ ;Flfh”(”( nﬁ 111.4 —J 57f/§ﬁ,-r' 'é‘ﬁ.;
3= M Loz drpE i n £ Os(Transient hyperemic response ratio, THRR) (2 & i@
i* o vv F (compression ratio,CR) » H 2+ & o ;840

THRR= (FVShyperemia-F SViasa)/FVSpasa
CR=(FVSpasa 'FVScompression)/ FVSoasa

# ¥ i#l3#(Breath-holding test): fit ¥ =& &t iRl AL & R § b »#ex 10
S¥ R T‘_é‘_4523,k,—‘J-a’g[nh_ﬂ_m—rugil,u;j’:o_

NN
N

AR dde LT EE L T L LR AR T ?}7]2&4“;‘%;)1% EO A N RN
0 (il Glasgow comascale o3 11/,,\ 4 Vrn i & Fg 20 0 ;;; B bR
5"5"‘% ‘f’@@l’ﬁ" e EFr'\?'g'j’“b’“' Wi ”ﬁfﬁ?ﬁ'ﬁ%ﬁ"@’g L 7f§41‘*75"\§9:7 5’%& 0

AT AT DRSS T EHER R L K A on o AFT 7 34 * Pearson’s
correlationtest & A 45 & fA B 4 TR B 4 AP B Sl @ ARG IETR D i m,x EXS S
MR TR 2 Adp B Mann Whitney U test # % vt gE s %k 7 & & ,L
BESHE 2L R (% 2#553]) 5 4% %8R| H#-r2 Chi-square i ia\%fr #\P
e ﬁ“‘ feehpaired t-test kR B TRk L IR 60 AT RS R4 -%i’iiﬂl_
Beeng it (% 3 &) - Ay 6 % SPSS % 10 s endgic ¥ (SPSSinc. IL, USA) %k &
(i B T R A R Pn’.si~*“005£l°+E WET APEI LK -

\\\Xr

VRSP Y TRN A N H 2 B BRI

RO ATk SLA X UL 2 A BT PR A 4T R IR P G TR R R 4 5
AT Rk BT E T B Z0

B BLRE B 27 L A A G BE PR A 47 1 RIIRA 0 -5 R (ABP)£ s i (CBFV)
A 5LE i DAQ é‘B*%’E‘-/\ T *ach Buffer 775 % —? 1R A RS LT AR M
ARG P SRR FRGUATR PR A E W TR Y FER LT R Y
PR A 47 (LBl - B o

L -2 ¢§<§i;JP. B —“‘F]’ PN AR NEF Y OV U 2w BRI EL R
e H X R M F T R —‘gfﬁ%én CBFV erjp = 8 ke L & 7 5ientp 14 >
RN ERFRRE, (ATA I TRSR R # AT RSy R TR S R A
R AR o B 2 A TR P A TRR B A 3 E A AR L 4R 1T B R
T AT ;tﬂz,?] »HEERGORE KT KEHF HPRAE 5 2 Display rate 3k z A%
ABPEE - P RTERAALR > CBRV i E > H7T kg —Jﬁ?i;%?ﬁa%’f N
BB agrisE R 2 & 3 R4 E2 R-CPP~ 2 RAP- 5 B - ﬁ?]% ALk }iﬁ«_;\lf
fe pBFRA ABP LA e 18 0 R T A £ RARNIND CBRV s (8 > § @ * i
i ABP 2 CBRV shi BEPF » 427 kit 7 3 DI o 474250 0 T g 28 B o
2% (Blz) B2 ABP & CBFV L8 _F ¥4 » ¥ s ?ﬁr?/n\ HE PR EXR
v Tk T CBFV thih B ELELE -



| amomas  cancsen @J@ ﬂlﬂ;ﬂ‘_
2 1 i [
B i 0l D

stan Tate (1
sangliac]
imom |

B- -

Zd iz 1
2 d j2iz 2
4 f242 3
i f== 4
¢ =425
=4 {2426
4 FEi2 7
¢ =42 8
4 f242 9
¢ f=4= 10
7 2= 11
i d f2i= 12
¢ f=4= 13
4 f== 14
4 j=4= 15
=4 24z 16

10
?gigj)»;fg_;‘la}’}‘rlf’i’é“g"?;*%%l—%ﬁﬁﬂiﬁ
TR Fom
AN P ) chie gk 4
AR FRIFLTH
F UL ATCPP & RFAER F o iR » i

AR RS R E
% % DAQ + £l » il i
AT 5SS DAQ
RAPHEAM T
Raom i@ B

T A B
R & ¢ CPP f& chze 4§

w2 CPP &

BB £ 16T LER SRR - X



1 BRI

CEFY W 4BF 2

o
3204056455

s3asEE

+ (1) ABP & CBFV smt 5L(2)# [t ff & 45 2 & 2

§FE TASAS AT BEE P2 0 4T ‘L%&KJ— ¥ is0qs ,;ﬁ{)mﬁ.ﬁ_ﬁfl\‘ g
PR TR A TR R4 2
3 LA fr/w\ﬂ}frg‘}'m?cmﬁv
W AR 2w

Aﬁ\%%ﬁiﬁf
BBt kT
Rkt i H L

B BRI SE

\ \l’/_!? ,
%] AT —‘F'{ s 1L RSN F

et i (M=) -

PITA—

T

02s=7= T T I ] |
H0 80 100 430 160 :
Tirie: scan harklog
[
Dis mle
(loony
LB |
mE 9 .
g o
1
2

3_3;349'55433

R E(I)ALE -

{1‘_,.14{‘ T

AR R R R
¢ ¥ 1

idit Wiew: Project Opesate Ioole Window Help.

[ @] 0[] 1291 appestion Font |~ [ Fiov || T~ ][22 [#5]

i 2

i R it
o |
Tuitializativn | Disgleyy: || 20107736 1AM 1235.24

Bl R

"0 @ 40 sn mn 100 gm0 4D e
Tine
wmABP
140
6 100~
‘U:l 1 1 " i T 1 1 T
5 10 15 20 25 30 35 40
m -40-7 O O 0 D 0 " D [
mCBFY ﬂ d -40 -30 -20 -10 00 10 20 30 40
120 LBP
100~
75—
50—
lD: 1 ' I i I i I
o 5 m 15 20 25 30 35 40
Time
=

Amplitde
iy

scan becklog

I

Display rate
(L000)

El

=
=}
=}

R C =

165 11‘E|

]
100 105 110 116

0.5-]

105 110 116

G770 75 &80 85 90 95
Time




d fefe l —1@?]'\fii“/v\*‘rﬁh’i“ﬁ""‘%?ﬁﬁ?*fﬁfiﬁ1*”*’%i&ﬁﬁ'ﬁ‘i
w4 iz 2 FOLGRAR B e AR R Pk iR b 4

= d 242 3 ﬁy\li%ﬂr}m}»#—j #FREZ CPPE

¢ f2iz 4 R & RAP &2 CrCP & eh % 2 ie 4k B

¢ 225 Gl {—T‘rCI‘CP"’L’RF“FQFTEmﬁl%? iRl =gt
4 2= 6 T ion BB gL N E R e bR

= d feim 7 T3 ELIL R

peek s Ao R e SN R ABP 22 CBFV e BT B § fﬁ'zﬁ%ﬂ* ’ é’%
EH SR rg 4 anEL > ¥R 4 2 3D 1%;‘—? A B 8w 05 gtr"mr,,g o
ﬁ&ﬁ&ﬁméwi FH SRS TRER TR ¥ - BEF Zk%ﬂ;

m’ﬁﬁﬁzﬁf@*ﬂkm%ﬁﬁfi’ﬁJ&&—%fﬁﬂg%%’%ﬁ%
AWJ’* BDWEFA (B )MERIRP R EOFEREL GBS E > REHEL I ke
745 Excd 4 -

Ble ~ A28 45 mpP (D)iR#H i FER L o 15’1%‘3"\'(2)2%?‘%&&51%%]
EEmBEL 4 gm;»r;.,, (3)-4—1\1’“%%*'} FRER L ¢ 3035 5 (4)3D B
BT 5 k2 d 4ty 3D Fnip {HX%;?# FRY i BB EEFLESNREL Z
iidv,ﬂgupf& vk’@:rsaﬂin%’**ir PR i B E 8 mh‘% %l d 5
WO FFLFTHE AR EHA AR AR BRI TR

0 SRAE RN LR T A(100-4000 B R R0 0542 20
PIREEAATE - A% LT §F A0 2 RYREDTRLE - LT 0B rﬁ
s B AR+ BN BT A A T AR & AL S g T AR

7



EAp s T oied B R R TR 0 R R FRLT RAURLE - o P B TR X 4
MR G ERERRFEDERELFERE 8 2 g2 TR ek g7 L -

no S

B " =T
O I
ik

il s s ‘Jullul.u

R e B A R T B R S A (]
Bk TR A s B e o 4T Bh R e FE 1 (]
Device Blood Pressure (ABP) mean ABP comelation coeffisient T
NI USB Vi 2000~ 111.83 50~ 09779391
Patient No. 50~
Test-0 1500~ -
Samples Number (#} Elzsu— a0
a = o
- 1bf() 2 1000~ © o
File Path 10-
‘aﬁ -\ ! ! ! ! 0-
600 GO0 1000 1200 N T P AN
ot g ot AP il I 0 25 50 75 100 125 150 175 200
Save File oz [
41050 200 ABP (mnltg)
Blood Flow (CBFV) mean CBFV
450 32.71
400+
140
350+ 37.026383 La0-
200 £ 100~
STOP g Ly
230132 o
250 El
P dBF 10-
) , . |1:8s4 ssz308 20-
. .Offsmf 800 1000 1200 |maxCBEY min CEEV 0 50 100 150 200
Time (]
R I T R ] 133512 2050 Somples
55 1 5-
50- 04 4
o 45 05 a3
" E
© an- 0.4- o 3|
35 02 1-
3D’l i i i 1 [} D’\ 1 i i [l D’\ 1 1 1 i [l
i 7 3 4 s 01z i s o1 2 3 & 5
Samples Samples Semples

Bl o~ B2

Y I 1))

>3

B FERig 4T 82 S it 5

i)
) anlsiiie
|y

e
-
2
(w,

o
10015 20 25 30 35 40 45
Samples

o
10015 20 25 30 35 40 45
Samples

Lo
10 15 20 325 30 35 40 45
Samples

\\\Xr



F1 % I iR Kk G B

AP ARG G p e T RaEAR Y ARt Bk T ehg i
v¢%4*N»$ﬂﬁhﬂ+—r%x’§)<ﬁp1wﬁﬂﬁwvﬁwman”%*’*hﬁ
- H ARG o dT k SehE i f1F TGRS € A A HE - R e
S TR R R N LR e] o S o I S 1 S R S AT R X ’—‘;’i"v.ﬁﬁfﬁ,
# 2 LR cnpE R EL(R) S ) o

Tltapnid A

AHF & CHFY
120
!:ED' .
11~ :
1= R = S [ Fleib I
I B ! ki

o=, :
ﬂmmmmmmammms (r%]_)

BT ORT RS 6 BE - Lo F dTEEPR L R Z M0 SRS | R b
APt x> A %{ﬁ—‘i— ﬂp NI f{ﬁfﬁ_ﬂpi S ERSRYD o A WEE T RN R A A 73t
B AFHTRR R 1t st ? > AT RS - el Z B R
e %ﬂkﬁﬁ%ﬂ*?i@ﬁﬂ etr Bheb 5 T AN L B - s 3R P e R g o
BT R FRORAEAE LR T R R T A PR RS Sk
St b iEE ehF TR B s (Bl ) o



a Vet B Fesults

1

1on- 125

= \/ f f - — — - - - — —

\/ R R ey e Sy *

4 3 7 . N Nt N N S

R - L ST E - < ey 7 By !
o <\ PR S SR S S RV Pl

® - o

5o i 25-

o

osoa 10 200 £ 4o LI ) ) ot 1 4o £ £ ) o 100 11bo 1200 1200 144078

smplitde

?ﬂﬂ% Nﬂﬂé%%f%$ﬁ%f

=
/Q Colﬁ‘w Whe o owke whe ke o e ondn mm ol e
7

1000 izioo g2

.
,
‘
fa i o
-

25-
250 1300 Iz‘snIMpnq; M% llal | aII CDI !s‘n so 550 700 750 edo i sbo i 10bo 105 Libo 10 160 1250 1300 150 Labo 140 S0 1sh0 Lsbo isan
Tue
v

upliie

NSDD 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1300 1
E
a5 E a0

aa

100" L . . haN e . - BN
1] 1
Ha . . Y % N A\
= e .

™

. Valsalva maneuyer LI

Bl= B 2Lk A AL kL pF(basaine) » 7%= § it et w2 (7% COy) ~ P-id v
% (Hyperventilation) ¥ Valsavamaneuver % 2rb£A\L@(;gn '“p_i&rs _ﬂy)bt, B
o SRR N RS O e R b S SRR R ,ﬁ.ﬂ G e R kA
2 LB R A TES B TRl oy 2 g B 'J‘.ﬂf»ﬁl % & S A 1)
o grskEp2 2 o 8L Bl E IR G (L i’%“f%"ﬂ@;iﬁ»%)/’v\ﬂéﬁWﬁ%ﬁ'ﬁ??u‘@“ 2.
i F T 2 TR 2d e i .\.‘zrﬁﬂrﬁpv' F% o Fd LG S ER IS
G I LLEH L L% o d BY AR p‘,:.ﬂ/;f—r » F PR E (e f‘})ﬁ
ﬁﬁ%ﬂm,&l (B Fred 2 PHERRA G M) 2 A (linearity) € 7 2 B2
o B R A G M

THRRF LG GFEA L REL P YRR N F#e2 §1
v

R RFEFY R L E AFERRFRF A AT A ERA
itk Sl B TRA R da %&ﬁ&%ﬁgg&a~é-

RO AR FE TR RS e o HEB e A LR T o correlation coefficient
= KA:\E&F’%“:“’ a4 095 b FE iR F R 0 correlation coefficient i i< F Az
R~ (97.2+1.3% vs 94.3+3.2%, p= 0.006) - ¥+ fe ‘e mﬁﬁg e BA B RFEERRF
%,i‘ % % (25.7£12.8mmHg vs 15.3x14.2mmHg, p=0.017) ; B4 5 B 4 ik Ak ™

g RAz ke REFERPF EF 5~ 9 & 10-30mmHg 2 FF > fe 7 R 5§ Fang
% o

10



% — @ Summary of demographic data and studied indices of cerebrovascular regulation
Control (N=20) Carotid stenosis Pvalue

(N=20)
Age (years) 65.3+10.9 63.6+10.1 0.405
Male/female 14/6 14/6 1.000
Hypertension (%) 6 (30%) 13 (65%) 0.027
Diabetes mellitus (%) 5 (25%) 12 (60%) 0.025
Hyperlipidemia (%) 5 (25%) 8 (40%) 0.311
Smoking (%) 7 (35%) 12 (60%) 0.113
CVR (%) 56.4+4.6 43.7£10.4 <0.001
THRR (%) 128.3+12.7 120.7+21.5 0.182
CR (%) 49.3+13.0 38.1+22.5 0.062
Breath holding (%) 22.0+104 20.448.5 0.597
Baseline CrCP 25.7+12.8 15.3+14.2 0.017
Correlation coefficient 97.2+1.3 94.3+3.2 0.006
Resistance-area product 1.62+0.56 1.78+0.62 0.397

CVR means:. cerebrovascular reactivity in response to hyperventil ation-7%CO2
breathing; THRR means: transient hyperemic response ratio after carotid compression and
CR means. compression ratio; CrCP means: critical closing pressure
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% = . Spearman’s rho correlations test among different cerebral autoregulation test.

CVR THRR CR Breath CrCP
holding

CVR coefficient ~ 1.000 0.139 0.106 -0.065 0.014
Pvaue 0.407 0.606 0.706 0.937

THRR coefficient 1.000 -0.153 0.110 -0.057
Pvaue 0.347 0.525 0.748

CR coefficient 1.000 -0.066 -0.061
Pvaue 0.744 0.704

Breath coefficient 1.000 -0.066
holding Pvaue 0.728
CrCP coefficient 1.000

P value

**Correlation is significant at the .01 level (2-tailed); * Correlation is significant at the .05
level (2-tailed); CVR means. cerebrovascular reactivity in response to hyperventilation
-7%CO2 breathing; THRR means:. transient hyperemic response ratio after carotid
compression and CR means: compression ratio; CrCP means: critical closing pressure
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Changes of Left Atrial Volumes
and Contractile Properties in
Ischemic Stroke Patients

Hung-Yi Hsu; Ying-Tsung Chen

Section of Neutology, Tungs’ Taichung Mettohabor
Hospital; and Section of Neutology, School of Medicine,
Chung-Shan Medical University, Taichung, Taiwan.

Introduction (1)

m Increased left atrium (LLA) size was related to stroke in
eldetly people with sinus thythm! 2. LA dimension is
significantly related to the incidence of stroke. > Increased
LA size has been proposed as a predictor of adverse
cardiovascular events including stroke and death %, new
atrial fibrillation” and new heatt failure. !

The mechanisms undetlying the relationship between stroke
and an enlarged LA ate not completely undetstood .
evaluation of LA function is less, teliable by conyentional
echocardiography, in contrast to extensive studies of left
ventricular function.




Introduction (2)

m Recent advance in ultrasound techniques, such as tissue
Doppler imaging (TDI) and speckle tracking technique (STE),
help to identity early global or regional LA contractile
dysfunction, and could be valuable for clinical evaluation and

eatlier therapeutic intervention. %"

m The 2D-Speckle tracking technique can provide a
comprehensive regional function assessment of all LA walls.

—

Methods (1)

m Subjects

= Patients with acute ischemic stroke within 7 days after onset.
® Exclusion criteria: severe cardio-pulmonary distress, unstable vital signs,
poor cooperation (for breath-holding), technical difficulty for

echocardiography, or cardiac arrhythmia except occasional APC or VPC
by EKG.

m All patients received routine work-up for stroke risk factors and
etiology sutvey for TOAST subtype

m Echocardiographic examination

m Performed by using a computed ultrasound system (Sequoia, Simmen s)
and a 4.0 MHz transducer with a frame rate of 40 to 60 frames pe r second.
Machine settings were manually adjusted to optimize 2D endocardi al and
myocardial gray scale definition for 2D -Speckle tracking technique (STE).
Measurements: LA dimension, left ventticular dimension, ejection fraction,
ratio of the transmitral inflow velogities (E/A), and decelerati on timeof
the E wave, emptying flow velocity of the lefvatrial appendage,




Method (2)

m Echocardiographic examination (cont)

m STE technique was used to calculate regional LA myocardial
velocity, SR, and displacement, as well as timing intervals in
individual LA regions. True apical images using standard anatomic
landmarks in each view. All images were acquired at end -expiratory
breath-holding. Loops of 3 cardiac cycles were stored digitally and
was analyzed offline using a customized software package.

Peak velocity, strain, strain rate and displacement were measure d
during both ILA contraction and LLA relaxation.

Indexes of LA function including : reservoir function indices

(filling volume, expansion index , diastolic emptying index); co nduit
function indices (passive emptying percent, passive emptying
index), and booster pump function indices (active emptying
percent, active emptying index) wete calculated.

Results (1)

m 20 controls and 87 patients with acute ischemic stroke were
recruited.

The patients:52 male (59.7%) and 35 female (40.3%); mean age
67.5 years (range: 37 to 95 years); H/T in 61 (70.1%); DM in 39
(44.8%); hyperlipidemia in 31 (35.6%); current smoker in 25
(28.7%). previous ischemic stroke in37 (42.5%); previous MI or
CAD in 18 (20.7%).

The NITHSS was 5.4%3.7 on admission and 4.2%3.4 on discharge.




Table 1. Comparison of cardiac contractile parameters between co ntrol subjects and
patients with acute ischemic stroke.

Control Stroke

(n=20) (n=87)
Sex 0.5510.51 0.5910.49
Age (yr) 46.0£3.39 67.5411.3
Mitral E wave (m/s) 0.8410.16 0.7610.19
Mitral A wave (m/s) 0.7610.11 0.97£0.20
Pulmonary Swave (m/s) 0.610.07 0.62+0.15
Pulmonary D wave (m/s) 0.48+0.07 0.4610.13
Pulmonary A wave (m/s) 0.37+0.08 0.37+0.08
EF, LV (Smpson’s method) 63.818.65 60.6+13.2
EF, LV (by STE) 58.7+9.97 46.4+13.2
Diastolic emptying index, LA (by STE,) 70.2¢11.0 61.4£14.6
Longitudinal velocity, LA (cm/s) -0.48+0.48 -0.05£0.71
Radial velocities, L A(cm/s) -0.0510.45 0.20£0.58
Longitudinal strain, LA(l) -3.63£2.28 -3.74+2.93
Longitudinal strain rate, LA 0.1240.28 -0.07£0.49
Longitudinal displacement, LA(mm) 0.33+0.19 0.51+0:46
Radial displacement, L A(mm) 0.63£0:47 0.72+0.53

Table 2. Comparison of left atrial size and functional indices b etween
control subjects and patients with acute ischemic stroke.

Control Stroke
((=240)) (n=87)

LA maximal volume 33.319.9 37.7116.5 0.366
preA-LA volume 18.3t7.3 28.7+13.5 0.001
LA minimal volume 9.9+4.2 15.0%10.5 0.021
LA filling volume 23.41+8.8 22,7111 0.603
Expansion index 279.8+163.7 194.7+104.6 0.019
Diastolic filling index 70.2£11.0 61.4+14.6 0.016

P value

Per cent of active emptying 44.3+16.2 495+154




Discussion (1)

m The 2D-speckle tracking imaging is able to identify
early global or regional LA contraction abnormality;
measuring left atrial size timely and precisely; giving
more information of dynamic contractile properties of
myocardium.

The lower diastolic emptying index (i.e.. ejection
fraction) of left atrium in our stroke patients further
confirmed that patients with acute ischemic stroke had
altered left atrial function.

The increased mittal A-wave and decteased E/A ratio
in our stroke patients suggested that pressute
overloaded in left atrium ot impaited ILV telaxation
could involve in the pathogenesis of ajstroke.

Discussion (2)

m Active emptying of LA play a major role of LV filling in
stroke patients, whereas LV was filled mainly by
passive emptying. LA functional changes may occur
early then structural changes.

Incomplete LA emptying may lead to stasis of blood,
which in turn results in a propensity for spontaneous
echo contrast and thrombus formation and increased
risk of embolism

The causal relationship between stroke and left atrial
function remains uncertain because our study uses a
cross-sectional design.

10



Conclusion:

The patients with acute ischemic stroke had altered
mitral inflow velocities and impaired passive emptying
function of left atrium. The two-dimensional speckle-
tracking echocardiography technique can provide a
comprehensive regional function assessment of LA.
The association between stroke outcomes and
functional /structural changes of LA need more studies.
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