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# # 5374604030 : MAJOR MEDICINE (NEUROLOGY)

KEYWORDS : LACUNAR STROKE / ARTERIAL STIFFNESS / ENDOTHELIAL DYSFUNCTION
KANNIKAR KONGBUNKIAT : THE DIFFERENCE OF ARTERIAL STIFFNESS AND
ENDOTHELIAL DYSFUNCTION IN ACUTE ISCHEMIC STROKE PATIENTS AND CONTROL
GROUP. ADVISOR : PROF. NIJASRI CHARNNARONG, M.D., CO-ADVISOR : PAJAREE
LILITKARNTAKUL, M.D. 60 pp.

Background Emerging cardiovascular risk factors such as arterial stiffness and endothelial
dysfunction may be important independent predictors of cerebrovascular diseases. No study has

evaluated arterial stiffness and endothelial dysfunction in Thai patients with acute lacunar stroke.

Methods We enrolled patients diagnosed with acute lacunar stroke admitted to the Internal
Medicine Department of the King Chulalongkorn Memorial hospital between July and November
2011. Patients with diabetes or renal disease were excluded. Aged- and gender-matched control
subjects without cerebrovascular disease were also studied. Carotid-femoral pulse wave velocity
(CF-PWV) as a gold standard measurement of arterial stiffness was measured using SphygmoCor
apparatus. Endothelial function was evaluated by reactive hyperemia of peripheral arterial tonometry

(RH-PAT) using EndoPAT-2000 system.

Results Twenty patients -and 20 aged- and gender-matched controls were enrolled. Stroke
patients had significant increased in arterial stiffness compared to the controls (CF-PWV 10.4+3.55
m/s vs. 8.7£1.83 m/s, respectively, p = 0.013). In contras, endothelial dysfunction was lower in stroke
patients (RHI-PAT of the patients 2.5+0.65 % vs. RHI-PAT of the control 2.0+0.61%, p=0.016). After
adjusted for systolic blood pressure, arterial stiffness and endothelial dysfunction was not

significantly difference between the groups.

Conclusion Our study shows that arterial stiffness and endothelial dysfunction do not

increased in Thai patients with acute lacunar stroke compared to aged- and gender-matched

controls
Department : ........ Medicine....... StUdeNnt’s SIgNAtUIE ..oeeieiieee e
Field of Study : .....Medicine....... AQVISEr'S SIGNALUIE .eeiiiiiiie et

Academic Year : .. 2011............. C0-adViSEr's SIGNATUME......coueiiirieeeee ettt
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1.5 NTALAMNAMLUNIFIAE (conceptual framework)
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Endothelial dysfunction
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NUNIUITTUNTTUNLNLIURG (Review of Related Literature)
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(central DBP) aznnuuanis aldauaenli coronary arteries®

v A

Tpeviall central BP MuneiNA1Aa N ARALAY (arterial BP) Adm1i3ion

ascending aorta MUY peripheral BP YNN8DNAIAYNALLADALASNIALELIN

A ] 1 # A [ Y a
nanAlRaALANaULaNe (111 brachial W9a femoral artery Lfusw) lun1azins
WUQN 92AU DBP WAy mean blood pressure 7119149 ascending aorta ALUAAA

Rasueedoulaneiily unuagldianuuansAaiunaan arterial tree lunnush

3vAU SBP lunasninanuasasulanaazgendi aortic SBP ataliulidn tnesedy

I %2
a a K

aortic SBP azienlndiAeaiu SBP lunasmdenussdaulanamineng ey
ANLANFNIENINANTINAIazigenyaNnsnasUnelfiain  pulse wave
velocity kay wave reflection Auansnariu”

Tnatnd Waviladuiaanaanain left ventricle ¥ing ascending aorta @
@ 4 Ao 9 Ao oA | 4 o o gy a
Hunaenmeannmiinnanasaaenesnllduasnaandall nlifia  pressure

pulse NAABUFRAIN ascending aorta llfanaaniaanuasdintlatafaesnsiga

Y v
o a

sALININEENIN pulse wave velocity (PWV) $193AN PWV aziiAnmn (3-5 m/s) Tuau

o

Jemrinanaeadl aortic distensibility 715 lunenseding A1 PWV azilAngalu aorta



203E{geangaiin1stinsalilin (aortic stiffness) visaanananalfidn PWV azilen

1 1% 1
a

] Naa . . PN < = 2 =
WnzulenIIny arterial stiffness IANHNNINTU NTRVIRDALABDALLAINUUNA

v
o

Eulgudnanadnas dTaquiuiluneeniudr PWv iy marker Nd1An a0
o 1 H I q/dl (7)
NN9E arterial stiffness ALILRANIEN aorta
Tuaugiiaanann left ventricle gnilulilg aorta azvinliiifinnistinaanaes
il aorta Aeliiianinilasuuilasaes intra-arterial pressure IR &L
o dl A A dld 1 ]
forward pressure wave WAIRAINTIABAIMAAINUAAADALAINHTWA D114
A Ao @ A | o A |«
VARARBATINIWIAANAAERET]  AIANINATUIIUTLLAEULLa9RINTIALRIAe A
A Ay e, . | v a o o
AenT blwinfu (impedance mismatch) Az dINA MINANITAZNAUN AL pressure

wave T4i3eN9n reflected pressure wave WsaLladan aN1uLEon arterial

11)

. . / . . (9- < o ¥ a
branching wa¥ arterial-arteriolar junctions flagiiina reflected pressure

v v
o o

wave Juduii %3l reflected pressure wave RANNITDALHAUNALAINUALALADA
wasdautananngds ascending aorta WRA%8 PWV seaLuile 39 amplitude 289

reflected pressure wave %gﬂﬁ’mumim impedance mismatch fe#I19UaaA

o

LAALANIUIALAN (small artery) 1 arteriole TnsNunaInIEin reflected pressure

'
o 1A

wave N1 ”m‘ﬂqu@qu LItW arteriole (%QLﬂuﬁﬂmeﬁﬁ impedance mismatch

z_gqmﬂﬁlu arterial tree) 42U speed of traveling wave @ﬁu'aau'ﬁuﬁ’] stiffness 284

v A

large conduit arteries na1aAaandl arterial stiffness 81NT4 reflected pressure
Py o g9 o o Y o
wave ATNANT PWV BN WﬂiﬁLﬂ@@quﬂ@‘U@J aorta VL@L?Q HATINUAN forward LAY

reflected pressure wave # ascending aorta MnAsdu resultant (aortic

'
o

pressure wave 3198 central blood pressure wave) Faunn N ascending aorta

10, 12

e " " uawed reflected pressure wave NafiaunaLNNg ascending aorta
| . o 2 [ a 1 dgj -ﬁgj o dj 6 o 1
lutae diastole vinlimnnsulalinludaatigaaunnsyaunile dsngnisalisnans
o ma e ey , d oo A . o
dunanseala Wesainnaliiiia coronary perfusion pressure TilunngUAUA
41 coronary perfusion azifinuluszas diastole windu egelsfimu windn

reflected pressure wave @fiauNaUNTES ascending aorta il avnnliiinia
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N1999NAANL forward pressure wave Wgzale systole daualitiia resultant wave
1 ascending aorta NHA" SBP 44U TuaniziA1 DBP Azana T9N19EAINA199
T lafieineuminuiniulunisnazquaniaeseanlilds  ascending  aorta

o a o . e < e . ~ o
IWSNZRRUNT AL aortic SBP NHAgeu Tuanzineaiy A1 aortic DBP Nanae
Cana a4 _ o= - el
naliifiauaissta coronary perfusion pressure liann1niis Bellndniiu Tunsiin

reflected pressure wave @<fieuNaLnNIEd ascending aorta MAEAAWNAN (Liu T

al

N9z aortic stifiness) faznliAaAnN1gsansaiL forward pressure wave Tutag

< , o . o a & =~ o @ o qw i
early systole @9az@INalil aortic SBP #iiuau wazlurnuzinaaiuiaznilian
aortic DBP fsanasanlilfiog luifaqiiuiidnistin central arterial pressure wave

1 Elun A IR parameter #197  WiaLlsznaunIIRANIIINANI9INEN

v
o

TpeIan1zasingEa N AN HILATAIENAR AN ALLAAA UANANTRETIHN79NAN

parameter wiaHlUlEnensainisaiivaeslsn d1m5uA Alx (Augmentation

v
o o

X < o A 2 . ! . B~
index) Wluaginueuannewawas wave reflection sia aortic pressure wave anNyNeN

@ o o o . Ay A & A oA o )
BN 199ANNINN9UaR9 left ventricle NARWNTWINATLNANL aortic SBP uas

k2 '
[

PRI o a4 A .M
pulse pressure wqwuﬂmﬂummmum@m wave reflection

=

TadeN9gTIINe1NNNase aortic pressure wave form
@ o o ~ , a Py
- o1y HunnauAuRgn AN AL LIINABALABALAIATAARIAINDET

UINAL NAFINAILAAAINNNTUUN AUV ADALAAA AT IUARLILTIAIHIAN

4 v
o

intimal hyperplasia uazn1sh elastin Tudu media gmmuﬁ’mﬂ collagen Malng

%
o

wasuulasisnanalunaeninenvesiigeanydanalil brachial BP, MAP g9
PWV ey Alx indu"”  proximal aortic stiffness azlindiumIdene wagnIsh
reflected pressure wave HRUNALNNTINALNL forward pressure wave beT99

systole \utfademananatszn1annnlit aortic SBP uay PP galuilemeuiuny

4
o

" yananniisadanalil aortic SBP HAnInALAeiy brachial SBP an

14, 15

WNann’

%
AL
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Y v
) o

o % o = v o & o o (16 aa
- ﬂﬁl?WﬂW?Lﬁlu‘ﬂ‘ﬂﬂﬁ')I@ LANFuAUS LU UL sNnEuA LAY Alx YNUN

AMTANEALAASIN aortic augmentation AzaAAILITEZNNNL 4% ABEATINTLEHLLD

o

W laMANIL 10 AFNTRRaeATaeNNN cardiac pacing”” nnslden beta-blockers

| v 1
=KX

TINUARADMNIINTTLAUIA 1AL ARNAIAN Alx AUy aselsfinny 1asann
Lo - , o o = a o =
enguiannmiana lutdasialananady  aslinaiuszaznaniaan anauly
coronary artery (diastolic perfusion time) HAAAINAIIAIBNAALAINALAELURINT

i Alx 16"

\ \ - ¢ o & o o (12,16,18) o .~ & . o
- @"Ju’e}j\‘iﬂ'ﬂ\ﬁ‘q\iﬂqﬂmﬂQWN@NWUﬁLLUULLﬂ?NﬂNuﬂU Alx VI\‘]uL"ﬁ@Q’]EJJ

=b.

D

o

Ndaugetiesszazneszndneinla (3anlinees waveform) AuanazfieunaL
Tn&nu 19 reflected pressure wave flaunauNIgINEaniy forward pressure

wave bAauinady (lunsdin PWY Asi) aennlii Alx WWNTL An1sANENLaRIIN

¥ ¥
=2 ! ¥ o o o o

A a YR A | o A A
Alx WLWN%HIHEV]N@Q%Q\?H@EHH 'ﬁllwuﬁﬂ‘]_lﬁqqllLﬂﬂﬂm@I?ﬂMQIQLLﬂxﬂﬂﬂﬁL@@WV]

Wnduudidn SBP azedluszaudnd’® “atndlafinan mnuidasiiiadusangann

MYy < = dl dl AI d” 1A 1 = aa 1 i/tdld
@W@IMiﬁLﬂ%N@@ULU@QN’WWﬂ AlX NINHALLLRLNENDENLA LA PNUNTIENTUINH

[

o o = A o a a A ' o &
V’](J']N@jﬂu‘ﬂﬂﬂ\jmﬁ“]QEﬂuﬂﬂV@qﬂﬂ?:ﬁﬂ’]?VILWNﬂquLﬂﬂ\"]m‘ﬂIﬁ‘ﬂV'ﬂ@LL@%V]@@@L@@@

8INANBLINNLTY forced expiratory volume Wag peak expiratory flow Nanaaflugin®’

- WA TpBTInTng InANIeE wave reflection ANNNdIWATIY Ti9iiana

dl A dla./ 1 =K o S ' o o ¥ [
PUANRINNAIUAINUBENINLNATE "]\‘]‘VIWIMN?%HZV]’]\‘]?ZMQWQM‘JI@TWUQﬂ@ﬁ/]‘ﬂuﬂ@‘]_l

[ ]

1 <3 [ dl dl 1% dl S | [ dl =
ﬂﬂqﬂiﬁﬂmqﬂu@ﬂ@’mﬂﬂ@ﬂwLﬂﬂ'ﬁﬂ'l_l AURNLLAN L‘ﬁ@'ﬁ’]ﬂﬁ%ﬁ@@ﬁlﬂu’l@ﬂ

u

Anar™
PAIEnNIs (MU ANLANANNIEYIATIAFILA L NI NI LB AR ALAD A LAY
1 a o dl [ 2 a . dl 1
semdnawAnenung) fsenaiumnliwandgel wave reflection xnndaLwe

gnel FerladenaneafiasranisAneataziaaasalyl
- AnNAulaTn AzausulalingeTiin systolic hypertension a1atilunag

ALBINNIANNNTAONTIRIVADAABALAY  aorta  (aorta  degeneration)  lu

WUREITU  N10EANNAUTATRGINAINNINALATNUIBLINNIAONUDINABALADA
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o

wAUiY  wanannRnzANsulaingesanalfifian1aasullasas  aortic

u

v o dl v XK o 2 = 1 v :; ]
pressure  waveform i uanenusnagaraaiuluggeangiveeusny ldAauwsiaoq
d' o 1 o (16) d' d' v o d' .
agfdslainnin™  Teenalniinendesiuniaiasuulas  aortic  pressure
waveform ANWRSAUNIIWNN peripheral resistance N3N aortic stiffness Wa

PWV s9uvian1sazdian reflected pressure wave Ni59au"”

Arterial stiffness
) ) a a = \ =
Arterial stiffness ARNNICVVADALABALAY (artery) AnelugenIeHAN
o o o
ganeuanas  1esaInnsLanuilaseaFNNnuaTAMIAINT®Y  collagen LAY

1 v

elastin Tun1is artery Tne? elastin anaa collagen NI wasidule elastin Baa

v EZ [ L 7
[ a a K

RN ~ =/ A = o . ' @l
falslifussifey auualifaluainANdaNmNTaRiNTN (ageing) aenelsia
nazpNAulalingaazANiaLnR1es artery UN9LITN1IAINNTOLTIAIINTUKI
o a . ] ¥ dgl 1 a dl
LAZEMIINT9TIA arterial stiffness liigaunniundng nsilasuulasaes artery
a £ ] ~ N ,
%mmumnmgmiuummL@@mmﬂummuﬂmq (central or elastic artery)
InsanIzuaenLaen aorta”
lueAmiunsim central arterial pressure Naziluani arterial stiffness
1 Wluisesieenniiesainfiasninnisdauuy invasive fasandeinanisnaaudig
o Y v o £ 1 o A £ o 1 09; o ] v
FUdau wasAeani liuianifinvraiasgouialamnte Inae1danislaanaaaiudn
ldnavaasaeniednlldn arterial pressure M3nad ascending aorta #agl
ANMRAINA1MN HINNIRAN peripheral blood pressure Tmer 14
A o . . @ aa ¥ !
sphygmomanometer W29/ brachial arterial pressure duntianldaeaunsvane
UININFIuARAR LHa9anniili non-invasive measurement WATAIN130TINNN 1
UumlAdelun1smaac arterial blood pressure Tunnanatin
n139mAN central arterial pressure a1:8150NN MR LALAT non-invasive wanel

v
3% AnN139A central arterial pressure WUL non-invasive 11 1En1siuiin pulse

wave LuEuaenLasdantlane i radial ¥ise carotid artery wRa8AE computer
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software ln19uladr284 peripheral pulse wave Nunnlélidlu pulse wave

4

989 ascending aorta 1uLAY Tnemannislunisiuin pulse pressure wave i

Fandn applanation tonometry #ann192849 applanation tonometry lunnsiuiin

=

pulse pressure wave B1AeLATANNENEENN tonometer Bawili pressure sensor

1 v
A

(transducer) NAMNTIgIINTWNNITAN pulse pressure wave (TeiATasdatiaz

¥ KX o Qi A o K [ = [
AANEIAAINL  tonometer wlmiummumﬂmmmulu@uﬂm) MNULIRNIA  pressure
wave 1l arterial tonometer A¥QNAINALLUNABARLAUAIAIULANE(1TY radial
dIQ./ 2 A o :xj .
artery) Tmﬂmmq@%fm tonometer WinAaILUMABAIREA ALY radial artery [g
& - A A o y & gy . =
ANNA’INYIN tonometer m’m@quumumLmzmnimmmqmﬂﬂm radial artery (14
Ao o <A . o {1 o v . .
NaANAY N3eAN radius) NAAINAN9Azy N intra-arterial pressure i radial

artery T QNASHNUANNNER  tonometer  uazazgniinuazuans vy

pressure wave LUWaeledcomputer TAANENEYRd  signal  Nuinldannaa

o K

. g v o A v =
applanation tonometry azlnatAsany pulse wave nunnléneluvaasiaen

v 1
A A

Tnemge"” Tufaqiiuiiwsasdaainuaneiiz i lmatinae applanation

tonometry T1n194m aortic blood pressure WL non-invasive fa8enN9Tw LATBITY
sphygmoCor (AtCor Medical, Australia), LA3Rd  Jentow (Colin  Medical
Technology,Japan) LazlAsaddneas Omron (Omron Healthcare, Japan) Judn”
Qddld 1 [ o 1 . .
f;ﬁmm%ﬂummgm (gold standard) 11n199m AN arterial stiffness Wil
non-invasive AaN13A Pulse Wave Velocity (PWV)*" * {paiiudnnnspadnan
ANNETITRINTIARRENTAY pulse WA LAY arterial segment i1 AMNAIWALS
% A . ] A .
RUNI9AR carotid artery 1ﬂ@ﬂ@ﬁﬂmﬁqm@ femoral artery (carotid-femoral pulse
wave velocity; CF-PWV)

wirasientunldAa SphygmoCor apparatus (nw# 1) fanrunisld

tonometer 11491n arterial pulse waveform NRuwmida carotid way femoral (mwﬁ 2)
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AN 1 SphymoCor apparatus and tonometer

'
o A

A1 2 N9im NALULA carotid artery
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HR9RINNANNI3UAd  non-invasive measurement U89 central arterial

pressure uaNAaNTiA peripheral arterial pressure wave 7iiuinldannaa

o v

applanation tonometry wRa l3ENTuLlAq (derivation) waveform RN AT

central arterial pressure waveform B9R8N13AANA1ENNT0N MR LAEaNAEUaNNNS

Twey 3738 Ae

1)

1) Generalized (mathematical) transfer function

2) Medthod based on equivalence of central and peripheral mean and
diastolic pressure

3) Medthod based on identity of broad rounded reflected wave in

central and peripheral arteries

Generalized (mathematical) transfer function

N19LadAN aortic pressure wave ann peripheral pressure wave lAgaNAg

. 5 :j b2 [ . . d} & v
generalized transfer function 1 ldnanaes Fourier analysis @91{11N178914
ANMNANNUTNNAIRANIARTURIFLLT 2 Fia ansaeg19i AN radial pressure
wave iU aortic pressure wave Hufu AaTiEanIUANNENAUSUAENINLAN
209 1 T 2 saudsiudaazanunsamasaudsiuaeld lnaaziadnmaviiady
o P . ) v o A Ny ) vy
ALl INNIILAN (input signal) patiuialéien radial pressure waveform Al
1JufAnann applanation tonometer Fanadilu input parameter fAz@1N170UN
A1 output parameter A aortic pressure waveform 8anxAld 3ENTUNAN
. v a . . al’j va
aortic pressure wave N3 ldmaiia generalized transfer function 4 163

= Y A v A o Aoy =2 9, p
ﬂ’]ﬁ‘ﬂﬂ‘]:f’]LLﬂQQ’]Nﬁ’ﬂ,ﬂ@Lﬂﬂﬂﬂ‘]_lﬁ’WI‘JﬂLLﬂImEIMN’QWﬂ aorta PNLNANSHNT
-dl o % o o 2 o A [~1 2
L‘]JZQEI‘HLL‘]J@Q?.I@Q@l?]?’m’]?Lﬁluﬂ‘ﬂ\‘mfﬂ@ @ﬂﬁ’]iﬁﬂ’]ﬂlﬂ%“ﬂ@\iﬁ’ﬂ@ M?ﬂ@&ﬂ%ﬂ’]ﬂ’ﬂ

%
o

81 vasoactive drugs B9 ¥iPRuiiuAiTes09R1gRnAIadn $INYIeAN

v v 1
27-31) .o A o

[ v ( = A A 2 { . a
N1991 valsalva A4 Netlipraslan iinAn aortic pressure wave 1A

PN

v
non-invasive lnelfimalla generalized transfer function # ffaqiilénnunng
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11384970 Food and Drug Administration (FDA) 184tlszinagunigaisizni 1l

|
I 1o

AMMELWNALNNTIAAN aortic pressure wave 1 aorta IAAT FRREN9T8
A A Aoy o . . . 0o
\AFANHanidin central arterial pressure WU non-invasive Taalduannisaag

Generalized transfer function lALALATE sphygmoCor (AtCor Medical,

|
=

Sydney, Australia) wazlAgas Jentow (Colin Medical Technology,Komaki,

o

Japan) {usiu Tutlaqiiunliinisinetiainnldlunisdndn central arterial
= aa _ao = a Y o o

pressure Iuﬂ’]ﬁ‘ﬁm:f’ﬁ/]’]\‘iﬁ@uﬂ%%’m’]i‘ﬁmﬂﬂL‘LE‘EI‘ULV]EI‘iJﬂ’]ﬁ‘I‘ﬁEI’]?ﬂH’]WMNﬂu

A

ARG

Method based on equivalence of central and peripheral mean and diastolic

pressures

AAUNABNANNNNIT ANAIINAL diastolic WAz mean arterial pressure HAN

Aaudingasilu arterial trees A91UAIANARNI9TR pressure wave AN 2 97 Aa

Y v
= D

carotid AU radial (‘1/1':";‘@ brachial) artery 4UA1 mean Y diastolic pressure g
gnAMUAAN pressure AlARINUaBAREALANEIULANE AINTWAIAINANIATgN
Pl MunAN189 diastolic WAY mean arterial pressure AN central arterial

waveform aMniAN systolic pressure 284 central pressure wave Aazldann

'
=X a

o a e . a d”r.—.r vl ¥ | 1 o (27,
NI9ANUIUNNANIRAIART (extrapolation) a3 AR wnwsrana i

29, 30, 32, 33)

Method based on identity of broad rounded reflected wave in central and

peripheral arteries

v
o o

4 peripheral arterial pressure wave 144 AN late systolic peak Atunnldsinas
@ A = . .
uANLaAIDNANTRY systolic peak pressure Tu ascending aorta uazlhi left

ventricle Tuanuzh sharp primary peak Tu pressure wave VBINADALADALA

o

aqulany azlidunusiuen peak 284 systolic pressure i ascending aorta

deannisnlignaudulnedoyaainnisld Transfer function process @quAAS

TiudnAdaulsznatsaspdauniaaudaingn 2 Hz aygnaena (amplified)
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1
=

: e 4 4, o e .
7eud N aorta AuNwautiessn luwrnzndoulsznaurednauNEAINIZINTD
(3-6 Hz) GRS sharper spikes LU pressure wave AzgN1UENe (amplified) RLRN
1 Taamannistinin peak 189 secondary wave gnszy  (identify) 16
dmianli radial ¥i5a brachial pressure wave Aaz@ u1saulaailuaves peak
aortic pressure 15

WRHUNIATUIULANRZ B UKAAY CF-PWV Wl m/s #nA1 CF-PWV

= . . (24)
A9 LLAPNINNNIY arterial stiffness 41N
laqifunudining  arterial  stiffness 1flW independent marker (%78

predictor) Ndn VQ,I?J?J\‘] cardiovascular morbidity Lka¥ mortality Tutlszanng

ﬁ01ﬂ<34)LL@§LuE§ﬂQﬂ hypertension, diabetes mellitus, coronary artery disease

(35-37) 1 N
N

. 1 a A .
WAy end stage renal disease vnaulane19geAe  Guerin  LasALY

CyinnnsdnenTufjilag end stage renal disease w1 §ilaeinga non-survival

uQ// | dld 2 Vas o a v I o a
group  slwilunguinneudiaglasunisraunnaanusulane e luszduing
, a o ! . R . a a
VILLAEIINLINGN survival group LngﬂfJﬂ non-survival group AzdA1 CF-PWV %
| | v & a = = P R T
TipauauessianizacuANANAUlaa ( AWl 3 ) NsAnERTanEuu
ANNANATYIBINTALANIEALLIREUILAINNNE arterial stiffness B mortality

2a9Etae
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A1 3 CF-PWV in end stage renal disease — response in non-survivors"™”

120 — 120 — ~ 14
¥ | . ¥ I A
E = 13 E E - = 13
= Lr
2 -2 B - 12
g oA > E 10 =
[ o
T -1 3 - 11
3 1 P 3
- 4 g 4 .;_‘ : T T
] \""-.. = 10 E & = 10
2 "‘eﬁ——— i = | 1

00 ~ ~ 9 100 = L g

Inclusion  attarget BF in?::uﬂlrlp Inclusion  af target BF !'uEIIT'iN?l:p
survivors Non-survivors

® Endothelial dysfunction
Endothelial dysfunction Aan1svineuiiaLnfaes endothelial cell Nag]
M o & = a ado o A ! o
ﬁuiuﬁ;m‘llﬂ\?NTN'M@@mLﬂ@ﬂtﬂﬂﬁuﬁiuﬂqqmﬂﬂﬂﬂﬁlmmq mﬂ@ﬂqi@ﬂﬂq?ﬂ@ﬂﬂ@@ﬂ Nitric
oxide (NO)* ann vascular endothelium Wu47 endothelial dysfunction HANENRLSuAY

“Y" n39m  endothelial  function

Lﬂumwmﬁwmﬂmﬁmqu arterial  stiffness
ASERN] non-invasive @']Nq?ﬂﬁqiﬁiﬂﬂﬂﬁ?&@ﬂq?m‘ﬂu@uﬂ\jLLUUﬂﬂqﬂaﬂﬂﬂuﬂﬂﬂLaﬂﬂLLﬂ\‘]
(vasodilatation) fannsilamilaas NO a1n endothelial cell Aan199A endothelial function

g lEvanuanedasemigen 17

Pulse wave velocity (mis)
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Method Characteristic Advantages Disadvantages

ET-1 Proinflammatory Blood draw Not widely available

ADMA Competitive inhibitor of Some prospective clinical data Not widely available
NOS

IL-6, TNF-a Inflammatory markers Not widely available

ICAM-1,VCAM-1, Cellular adhesion Expensive, not widely

E-selectin markers available

vWF, PAI-1 Thromboembolic VWF is widely available Not a lot of data in ED

markers

Cellular markers

Circulating endothelial

Increasingly good clinical data on

Expensive, not yet widely

progenitor available
cEPCs correlation with CAD and ED
cells promoting
vasculogenesis
Imaging Depicts pre- Good longitudinal clinical data Operator dependent,
atherosclerotic intimal needs referral
IMT from large studies
hyperplasia to radiologist or vascular
lab
LDF Describes small-vessel Noninvasive Not a lot of clinical data
endothelial with ED,
function not widely available
FMD Reactive hyperemia of Gold standard of measuring Operator dependent,
brachial usually needs
endothelial function, large
artery referral to vascular lab or
clinical studies correlating ) )
radiologist
results with CAD risk, noninvasive
PAT Reactive hyperemia of Very easy to perform in office, less Not as much data as FMD

arterioles

operator dependent, mounting

clinical data with ED and CAD
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Abbreviations: ADMA, asymmetrical dimethylarginine; CAD, coronary artery
disease; CRP, C-reactive protein; cEPCs; circulating endothelial progenitor cells;
ED, erectile dysfunction; ET-1, endothelin-1; FMD, flow-mediated dilation; ICAM-
1, intercellular adhesion molecule-1; IL-6, interleukin-6; IMT, intima-media
thickness; LDF, laser Doppler fluximetry; NOS, nitric oxide synthase; PAI-
1,plasminogen-activator inhibitor type-1; PAT, peripheral arterial tonometry; TNF-

a, tumor necrosis factor-a; VWF, von Willebrand factor.

v
a o

TunsAneiEideaz 1435 PAT (Peripheral Arterial Tonometry) Iaeidinag
MANANINE  reactive hyperemia (RH-PAT Reactive Hyperemia-Peripheral
Arterial Tonometry) W&IN3dRANNTILAB UL A9TRS digital pulse volume

. 1 7 r = [ 1 . 7N 1 dl v
amplitude g9 reactive hyperemia WEUNLAN baseline ﬂ@ﬂ@ﬂ'm TneA iy

o o

1NUANIN nitric oxide bioavailability T&NAUSAL endothelial function 11la9

v

adal o A o dla A 7 . 1 o o
Jan13inAedangUnanilunisinniianeaesiae (finger probe) FaNrLYin

a

TAAaNae reactive hyperemia Inginasdnadnusulaiinnsuiauaecilon e
dszifiuniailasuuilasaesen digital volume danaganuilu pulse wave Us1ng

0y N el Ao - = = .
uwm@@ﬂ@qumemm@mugﬂﬂimmmm FIANITILaeULLag digital pulse

v
o o & o

volume amplitude (PVA-RH) #1&Taz&unusin endothelial function Tuwse™”

Agaaian1dlunnsdnAa Endo-PAT 2000 4aLilu non invasive assessment N9114

)

el 15 wi wazinldntelutieansia (office setting)™  daunnsdmaonng

physiologic w7 liun FMD #Aslumsne Tedndniily Gold standard lTunsdmei
1 dl o = o [ % v % KX o ¥
wudlen nnBaueuiunsingee PAT  ulallaanuaineaaeiiulunnsli

)

fiayar89n19z endothelial function™  uaxAs RH-PAT Mlfdrandldfiasnsnis

Fnunn s9u9ialainl operator dependent method andasa“”
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® Arterial stiffness, endothelial dysfunction in ischemic stroke
ﬂ@f«;ﬁuﬁé’gmuﬁl@ﬁﬂm arterial stiffness WAy endothelial dysfunction Tu
. . a' d’l . (39) o =2 v o
ischemic stroke IWNNNNTU De Silva WazmUe mmiﬁmﬁﬂuﬁgﬂwmmu 268

AN acute ischemic stroke WUNELlaegund intracranial large artery disease

CF-PWV ganangui il intracranial large artery disease (11.7 vs 11.0 m/s, p

pud)}

0.015) @dun1gnulag Kim wazpnue™

wudnlugtlae hypertension @1

1 1
=

11NN 50 TN small vessel disease 138 subcortical infarction azd PWV Ng

]

n91 control aeneililadn ity (symptomatic small vessel disease 19.76 m/s,
asymptomatic small vessel disease 18.73 m/s Wax control 16.77 m/s, p < 0.001)

luinuaaidgaiu Tuttolomondo tazAn” nwudngtlae acute ischemic stroke 1A

1 1
=l

lacunar infarction aziA1 PWV 1164097 subtype 814 Tn1anauriis Choi uazmnse
“ Anwndilae acute ischemic stroke A1waw 223 A wudgilaeiuay control e
PWV Talumnmneiu wazldnuaanuuansises PWY Tuumas subtype 289 stroke

ANTANEININNANNANNHILAANINUNLNAAY  arterial  stiffness  WAY  endothelial

[ % I

dysfunction A&"AtUAaANT2AA ischemic stroke agnglafiAnNANHIANAIINNEY

WHnanuanA AU nNULa S ldnLANLANAINIRY PWY  Wananniinisias

1
aa

wianiulilFAnaeniieyil diabetes waz possible cardiovascular disease

modifying factors 81 aanll Fasiunisudananisisaanasiail confounding factor
ying g

dziluagld  iatudulsauduiusuazumuvnaes  arterial  stiffness  uay

endothelial dysfunction sian13LNA ischemic stroke lALLANWIE lacunar infarction

o

. S o s " 44
fRdeaziinisinslungugiae lacunar stroke MH diabetes visanazau 7

a1aluasaniilasuutlasues arterial stifiness way endothelial dysfunction tive

1
=

am confounding factor liinnige
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TEAENNSIAE
3.1 sduuuns74® (Research design)
@ = X X = @ v [
\un19ANMILLL cross-sectional, analytical study A# ﬂ’]ﬁ‘LﬂU‘ﬂ'ﬂﬁgj@ﬁgﬂQﬂM@'ﬂm
A s a [ dl ¥ [ o 6
WenanesrwIAdnALREUNAUIdNnFuns e Tulsaneuaqiiasnsnl
ANINTIA INETENINNABUNINGIAN W.A.2554 TURBUNOARNILL W.A.2554 LATNGN

dld Y Y o Y
pouAnNNanguazinAdinfiulaiuiag

3.2 sz1ilauig298 (Research Methodology)

dszadnsLimnng (Target population)

7 A @ Al a o dl 4 o o

filnevaanidenanesadniLReunduidinunfunisinm lulsamenuna

NAINIIANINITIA INETENINLABUNINIIAN W.A.2554 DUADUNGAANEU WA,
{ dld Y o Yoo Y

2554 waznquAILANNReguasinAdindulaiuglae

ﬂsxmnsﬁ’tﬂumiﬁnm (Study population)

7N = [ = o dl % o o
@Jﬂfmﬂ@@ﬂL@‘ﬂﬂ@ll‘ﬂﬂ‘ﬂu’]ﬂL@ﬂm‘]_lL”?l%l‘]J‘W@uV]L“ll’]N’]?Uﬂ’]ﬁ‘ﬁ‘ﬂ‘]ﬂ’ﬂuiﬁ\‘w\m’\uq@

NAINTIANINITIA INETENINABUNINGIAN W.A.2554 DUABUNGAANIEL WA,

1 dld Y o Y o Y dl ¥ o o A Y o
2554 LLZ\]%ﬂ@qNﬂ’lU@NVlN@’]ﬂLL@ZLWﬂL“ﬂ’]ﬂu1ﬂﬂ‘LlE;ljﬂ’JEl DILVNTUNNITAALABRNLANTU

=2 1Y o o A =2 =
NMTANT LL@%VLE\IL‘ll’]Lﬂmsﬂﬂ’]‘j‘ﬂﬁL@‘ﬂﬂ‘ﬂ‘ﬂﬂ@”lﬂﬂ’]‘J‘ﬂmﬂ’] ANU

Acute ischemic stroke (lacunar infarction) group

o A 7 Y o =K . . .
nawrtlunisAnangtlaadindiinis#nm (Inclusion criteria)
A a =
" WATNEYTENEIN 208 45-75 1)
® 1F5unn99nasenilu acute ischemic stroke (lacunar infarction AN
TOAST classification)® Tnafl onset w84n191iin stroke agnIe
Tutiag 7 Ju saudailuniaifia stroke Afwsnaasiilauazidindunis
Fnunilugilae Tuaaslsenanunaqiiasnsalaninigia ng

o

" %6 wglalfies adnnsndinlauazdanieluiuneunisnsalin
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B Sugandinduniatingaiagla

o A 7 =2 . f .
inatlunisAnaangtlasaanainnis@ne (Exclusion criteria)

®  Diabetes mellitus, atrial fibrillation, autoimmune disease U
systemic lupus erythematosus, rheumatoid arthritis, serum
creatinine 2 2mg/dl

®  Previous intracerebral hemorrhage

n ssnsldenuniinfiinasienisinen ldun steroid
bronchodilator used, nitrate used L*’iuLLﬁifﬁﬂEﬁMﬂqmmfujmLﬁuﬂfiﬁ
5 half life ﬂ@ﬂﬁlﬂlfu“‘]

o =2

B Active infection o 1DAYANINITANIN

Control group

o A v P =2 . . .
N lun13AnLaanELaeLinFIN19ANEA (Inclusion criteria)

" wATnevsanie 89g 45-75 11 TaedenguazinA match fAungu
ftlae

" yni hypertension yisalusiuluaengs (dyslipidemia) 1HFun1g

1
= 2

FneNgnéied AduAN blood pressure wazszAvladuluaanily
1 U A
ANREINILaE 2 LAAL
B SuaandininlafniIIRe At AN AT LA

v A 7 = . . .
N lun13AnLaang{iaeaanaInn1sAne (Exclusion criteria)

®  Diabetes mellitus, atrial fibrillation, autoimmune disease U
systemic lupus erythematosus, rheumatoid arthritis, serum
creatinine 2 2mg/dl

Active infection f IANANINFANT
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ANUINIUNATEY sample size MNAFURY Machin, et al., 1997 TagEngdeAnann

Tuttolomondo A |, et al., 2010"

m=

2 2
2(Za/2 + Zﬂ) i 2,12

A2
A= |,U2 - ,U1|
o
<o (-1 (-1

p

n+n,-2

Ime?  m = sample size per group 289132 11NINABINTANEN

U = mean

Sp2 = O = pool variance

S = variance

A = significant level (Type I error) (0 = 0.05)

1—[3 = power of test (B =0.01)

A = differences in mean

ANLITLLRNNE NN lacunar infarction

n1

n2

s1

s2

My

.'“’

number controls

number stroke patients
SD(PWV) controls
SD(PWV) stroke patients
mean(PWV) controls

mean(PWV) stroke patients

=102

=2.29

=1.54

=10.02

=12.04

=1.96
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Zs =0.84
U m/group =185
Total 2m =37.0

MHaumtlszainisiazAnenatuauetingtion 18.5 auslangy ANIN1MAAEtazyinnIsAns

Tutlszringdanuau 20 AWlungu control wax 20 Aulunguitlae acute ischemic stroke

(lacunar infarction)

v
o

®  JUMNAUNITIRE

ANHUNNTIAAY  clinic  N@1973TNUseamangn  A1AENRIEIANERT ALY

v 4
o a o o

wnneANaRs naanninvaneae Inedduneunnstae s

O

= Y o o

ﬁjﬂqaimﬂﬁuqu acute ischemic stroke (lacunar infarction) ﬁLﬂﬁ?Uﬂ’]i‘ﬁ‘ﬂ‘]ﬁ
Hufilheluzeslsmenunaaitaensaianniaeneid naudAdin i
inclusion Waz exclusion criteria 4196w azlffuntsnnisedd meaa3enne
WAzAIIANIIieiRns 1Aun complete blood count, fasting plasma
glucose, kidney function (blood urea nitrogen (BUN) Wa¥ serum creatinine
(SCr)), lipid profile (total cholesterol, triglyceride, low-density lipoprotein
(LDL), high density lipoprotein (HDL)) W@ erythrocyte sedimentation rate
(ESR) filaeiazlf5un"93n arterial stiffness way endothelial function TaadnA
AN 32UITUT 5-7 M&IN3IAA acute ischemic stroke (lacunar infarction)
L‘ﬁlﬂuﬁmﬁmmfw brain herniation LAY increased intracranial pressure
2181837ATVRINANAILAN  MHU mmmﬁmﬁmmqummﬂ match ALNGN
file wazilnnuauymdn1Emu inclusion uaz exclusion criteria AifvualA
dn9fiu aranaNpInguAILANAzlFiTUNIITINLITdR A99999NY wATAIANIY

fesdumnissine wileunguiihe  uazlfifunisdn arterial stiffness uaz

endothelial function FaeRBn st
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O n199M arterial stiffness Uaz endothelial dysfunction lunguilszansNAnwiay

Talmel

Arterial stiffness: dnlag carotid-femoral pulse wave velocity (CF-PWV)
1 gold standard 184n1390 arterial stiffness AANuLTaRelduNn dzaan
wazlfnantieslunisdn ™’

Endothelial dysfunction: 1475 PAT (Peripheral Arterial Tonometry) el
NI liiAaN19e reactive hyperemia (RH-PAT Reactive Hyperemia-
Peripheral Arterial Tonometry) \{33n139m endothelial dysfunction Tu
filaefiazaon wisesileililunnsiaie Endo-PAT 2000 Wnandu uay

1E5un1meaaudadna11ns01E3m endothelial function laase“?
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v
o

TURAWNIINIAN Arterial stiffness N 18lneIdA Pulse Wave Velocity (PWV)

—_

aunsnd

The SphygmoCor system with electronics module
Millar Tonometer

Serial/lUSB Cable

Power Cable
al v v 1
2. NITLRITEN B;JIL‘JJ'W?’JNIﬂi‘\‘m’]?

2.1 @'%mmﬁum@ummmmmrijlﬁﬁ”n:“'quimqmi Tmﬂﬁ@uﬁumzmummwj
fidinganlmsansfiagianasuuazeiounans (calm and relaxed) 1igdingan
TAsanN 19U URn lvinua U sLLAenIaLlusazioan 30 W el
dld ng/l v 1Y ¥ [ o [ .
UNBUNYUNATHEUAZUIUNIAD9T19990 e fiudineansia Tnelun1edn radial
b % = U A 1 1 d”
artery avf1a3in1s supported Mk Haat luvinnaneau
al a o a d‘
2.2 NNTLATENENMINLTN N ATIA
a o a dl v v al [~ Yo
RulalFinun1Eluni9919 electrode  BNNRAIULBENUNINARAYTAL A5
n13 shaved wagynnaaLdiaLunsRamIiefiag1aTy isopropyl alcohol
2.3 N197M ECG Electrodes
WBITHINRIMINLTNNAZAA  electrodes WwaTAm electrodes  TWANLALNT
Qneens 3 lead 131l chest
3. n1s1iuiin Pulse Wave Analysis
3.1 @eUdN2U89 tonometer Winfiu tonometer port
3.2 11le Switchaa4 electronic module

3.3 (1la Switch 184LATRIARNALLARS (laptop computer)

3.4 nthaspeuiamadianni SphygmoCor icon

1
a @

35  sruvavilladieyaiiiilu DEFAULT DATABASE

3.6 LAANAANT SYSTEM



3.7

3.8

3.9

3.20

3.21

3.22

3.23

o

NAAN
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AAUAINILAZAANT DATABASE MANAGER
=
LARN new database
nm ENTER 2 ASY
P - AN o@ vy
ARNT CREATE NEW PATIENT — @®enYES nsahiflufjidinsaniasenisse
Tnad nsalflunisiunndayaisinlifiaanadannsanissesiiding
TAsanTsAsLunn s
v al v v 1 dl 1 v 1
nsandieyasaazidenesddinsontansenis(nei tab daslunisnsen) léun

o

A ¥ v e A A a
1AL ﬂ@ﬂﬂLL@gﬂN'}ﬂL@‘ﬂ@jlﬂl'ﬁﬁlﬂﬂ?\‘mq? JUAAULNA LNA

Do

AaN# Update Accept Changes L&alaan YES.
AAN on <F3>.
WANAANY “Radial”’ pulse box

n9aNA1 systolic WAy diastolic blood pressures lagld tab keys (1luan

1
= [ %

mmﬁumﬁmm%ﬁ@uﬁﬁ%ﬁmﬁmmPWV)

N7anN time points 14 Medication box 31 enrolled visit

nsanTafin1sdn (Operator's initials)

AaNY CAPTURE DATA (119ana% Return Key)

faen1s Two recordings IMeiAN Augmentation Index values Avfiesat)

el 5 % weudazAndn fmnandldetludesisnans Auiluazbieg

TALNHLANGS

WIAUUUNTe9  radial pulse  IAENIIARNAYLILANETITRIEMIVAUATIAL
dl o 1 al dl o %

tonometer (7RI BSTNATNART L

RN bH two screens 104 stable recordings 1%inA7 SPACE BAR

Efaen3indn1sinaN ESCAPE udanma? ENTER 2 A5

v

AugANI9LIUNN PWA

7 (PWA)

AN parameters M@ lfazgniiunnlilu CRF (Case Record Form)
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NNTAMLANAANINTAY PWV (Quality Control )
dl vy o K v al 1 1 d” %
Walidayaannnistiunnlinnuininiieane  Arparameters  sialiiiaasaziiasgn
highlighted 1@ GREEN luatnuzinnisdn
Average Pulse Height >100
Pulse Height Variation <5%
Diastolic Variation <5%
4210 Pulse length variation and maximum dp/dt azgniiuiindog usams 2 1415
< o o = Y A 9 o P
\flu operator dependent Aivtiuaslifiasinaafiasiunistlsvidunmunn
n139mAN Carotid - Femoral Pulse Wave Velocity
6.1 naulliuiihdeyazesdiaslagafdng patient icon Lwasuann PWA box 1l
i PWV using < N F6>
-
6.2  NAN <F3>.
6.3 415U SITE A liiaen? Carotid
6.4 @& wmu SITE B 1Hideny Femoral/Radial.
6.5 N3aNAN SBP Ay DBP (Apqusulafininsanazfiaafluandnriunnan
EuNIN13TRRAsD)
6.6  AATTETUNNTTUINNTNAYG 2 Awmdailuladmsuiansanadly PWY
distance box TagAnszaizyineilinann suprasternal notch lifdautlans
. a @ dl . A
(distal) (Ingnfiaziilun radial 1138 femoral) kazann suprasternal notch
lundausin(proximal) (tneilniazifly Carotid) luawmdsnazninisdn
6.7 N7aN time points 114 Medication box 91 enrolled
dl v o o/ . e
6.8 NTANIRLNINITIA (Operator’s initials)
6.9 5A ECG electrodes
6.10 AANT Capture Data

6.11  R998R91 ECG 7laFunistiuninimanuasinanauay lldnynnusunay
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6.12  WAuMNTeY carotid pulse TpannsARTAftlaNETaTRdERIRLAZIAE
dl o 1 = dl o b4 o ¥
tonometer Lm"]mml,muwmmwmwﬁmim waaNLA two screens U89
stable recordings ¥ina# SPACE BAR
6.13 NMENTER 2 A%
6.14 AWMU femoral pulse TpEnIsARNAILLAE TR MITIALATIAL
dl o 1 = dl o b4 o ¥
tonometer Lm"]mml,muwmmwmwﬁmim a9 Nlé two screens a9
stable recordings 1#ina# SPACE BAR
6.15 AN PWV AN
% . 1 dlv v b % 1 1 1 dlv
6.16  §8an13 Two recordings tneeh Ndnliazfiesagnie’lu 0.5 1esusrazAdn
% 1 o 1 1 1 o 1 o | b % o/ QI a 1
fmnangalaiag ugassnann anifluasfiesiniiainse
¥ N Y
6.17  NMA escape WANA enter 2 ATILNBNATNINIFIAE

v

6.18  AuQANIIUNN PWA

HAANWY (PWA)

A Pulse wave velocity azgnineanuiilu m/sec mezwudﬁﬁwzﬂi’mg@gﬁgu
1971819784 Patient's Record Report AN velocity ﬁf‘fmiﬁ%qﬂﬁuﬁﬂmlu CRF
N1TAMLANANANINTAY PWA (Quality Control)
Felitayaanmniufinlfannmifiaae  Aseazuaasesinain  waveform
%‘\‘lﬂ"]parameters ﬁiﬂiﬂﬁm?%ﬁmgﬂ highlighted 1{11& GREEN

Average Pulse Height >100

Pulse Height Variation <5%

Baseline Variation <5%

A1 Pulse length variation azfasléFunismonitored udidnaglalaniaglsifly
operator dependent

@8N Save WAz Shutdown

Tnaililsunsnazinniaiuinlnednlud® (save automatically) Lﬁ'aa”uzgmm:mumi

v
o

Yy a dl A . . a o '
YNUNRA Iﬁﬂﬂﬂﬂnsystem WAZLABN exit A7N drop down list  WA191 Close
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programme  1#i@an YES a1ntiliinan start uaziaan ‘SHUTDOWN' e confirm
shutdown option lildan OK Wafinaesrinusngu azilunstallsunss
10.  n1edseandaya (Exporting Individual subjects data)

ad Ay .

10.1  AANYN patient icon Wald? Patient’s details page

10.2 @514 export file Unhard disk AAN2977 subject NFEBANTT export MR
o o o < 1 o R v . o &
AUzt ndsngauuuniinaeluntsiuindeyazes export file Na%19au
foyaazgndalldls excel file tnedflunasinuaniiu export PWA uaz
PWV files aanannmiu
o a o dl % dl < %

10.3  MnsiNnnad lFeanu il

11. mim@@ﬂg’m%gm(Exporting the Database)

i
=

dl Qy =2 v o v |
LHAAUAANITANTN Winansg export ﬂﬂH@WLﬂu complete database
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41RAWN1311AY Endothelial dysfunction 11 b#1asi5% Endopat Reactive Hyperemia Index

1. aunsnd

Endo-PAT2000 device

Two PAT probes and anchors

Blood pressure cuff

Adhesive tape

Pair of arm supports

UINNIRULIAN

= v v ]
2. NITLATEN EL%W?’)NIF’WNW]?

% ] v ]

astnedunaunisnmauigidindaniasinis  Wgdndanlasanisueuinluvinueu

k!l

PeLReNATaluseaciian 15 ud

3. n13tuAN Endopat Reactive Hyperemia Index (Endopat RHI)

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

e connector WL PAT probes Lazy1n13wu Blood pressure cuff Aikaiu
v v v dJ

wesftlaedinglndinenils
11lm Switchaa4 electronic module Tagifiad warm up LA7a4LTlWRAN 20 WAT
AAUNINNTIAFIA
1la Switch 129LATRIABNNALARS (laptop computer)
all % a o A dl .
NinaapaunNLEasiaani Endo PAT2000 icon
= .
BN Test Analysis
\aan Patient Information szuuAzilla Patient Information Dialog box AN

v a v v 1 dl 1 b % 1
nsandieyanaaziasnreiidindaniaseanis(nai tab daelunisnsan) 1éun

Y v 1 dl 1 o a 3 09// dl
NNEATENFINTIANNIT Tate 81g WA ANAulatin nslauNNEATan
4 s .
TRHNINIIA
AAN OK
v dlagl d” v % [~ o Y o o 1 dl

a9 probe W nHamesditee  (Gndusnauuzinliiinssaten e

L4 4

Yaeriuldlfiudy membrane 1w probe @evie) wazadsundaiianianana



3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

3.22

33

YR o va o = Y ¥ X
we9f{tlaeiuaNee89  connector MiARRLTINAagTaeEtafan  adhesive
tape  udnldmodienaouprobendoathilluiumisnsiasnisn  arm
supports liinszdu Tiensaesdneuesibannatlszunnszainiola
AAN deflate
AAN inflate
o A v v 1 1 ay A f//
uieaevftlhasanunnneuu arm supports atluvinaune Halenaanes
v v v v 1 a [ 16) & o o/ QI 1 ai//
dediesasinuniinededasy  sedldllidudagnaesinemnia am

v b7 1 QI o o K v
supports #atl wazuangilogdnazBuianistiunndeya

o =K

AAN Test Stand By wuiiasazuamsdtyounouitiuinlfann probe 1
Aunmeynyrnudszanns 1w anld8dyonnisunau

a A a o o Ry 9y o =
RN Test Go Wauinnisindaya THna1iamun 20 W

@an Amplify signal 1ediadinenazninsiia cuff pressure Lilu 20,000

|
A v KX v

werfunndeyalfifuegad 5 winuda Wiinng inflate blood pressure cuff
pagaauTnde laalian cuff pressure Wl supra-systolic level (L3N
1igendnen systolic blood pressure wasjilaeilszannns 60 mmHg wazls
AYTANNGT 200 mmHg  wAtaaannldpressure  wiaedldiia  total
absence 184 PAT signal st 1AL cuff pressure l#an 50mmHg &
QU4 300 mmHg)

AAN Start/Stop timer e Budunan

19NN occlude Aael cuff pressure 1Twaan 5 WiH

deflate cuff aginesamia

AQN Start/Stop timer Lﬁ@qﬁmﬁumwﬁw occlusion

Tiesasnanisiiniayasaandlunan 10 Wil (sau 20 W)

RN Test Stop WAALAANNFTLNN

NAANY Endopat RHI

AN parameters M@ liazgniiunnlilu CRF (Case Record Form)
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NMIALANAMNINYEY Endopat RHI

Nn33n&ne Endo-PAT 2000 A&l 1EIT operator dependent Favhiaslaidns
Lﬁm"ﬁ@aﬁuma‘ﬂimﬁu@mmw

\aan Save WAz Shutdown

I lsunsuasinnisiuinlaedniusi® (save automatically) Lﬁ@'ﬁyuzgmmzmumi
vanun ARG File uaviAen save a7n drop down list #A191 Exit aziflunnsta
Tdsunsu

N7 Review AT Analysis

71 A@nd File ud21dan Open

72 @enfitlheann ID Tpeuiint

7.3 A@an Automatic Analysis Az 1A RHI finnsfininaflieenuineivls

nsdeeangIulieya (Exporting the Database)

]
A

\HaguganisAne 199113 export dasaniilu complete database
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History taking and physical examination

Venous blood sampling:

® baseline lab (CBC, glucose, BUN, SCr, total cholesterol, triglyceride, LDL, HDL,

ESR)

|

15 min supine rest and then brachial BP measurement x 2 times

|

® CF-PWV x 2 times

Arterial stiffness

® Augmentation index x 2 times

|

Endothelial function (RH-PAT)

® Endo-PAT2000 9ae1 Endopat-RHI
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e n13iusausantiaya (Data Collection)

udeyaainuiaalsnangsnasudseanmn laaneuiaqinaansnl

A

Y & Y N ¥ o a a o Y o KR Y ¥ o a a o
HINUABYAAR HANUUNTTINE LASHUUNNTRHANAR HATRLNTITINE

3.5 NM5ILATIZUTaYa (Data analysis)
3.5.1 %@Hmﬂuumﬁmqmwima program Microsoft Excel WA¥N1IIATIEUNNADA
ALl program SPSS version 20.0 Tmel descriptive statistic g1e9UNaLTly
mean (standard deviation) NISLRELWELAINLANFNNTBIAIGNN] FEUTNAD9
ngutlszainsazld Mann Whitney U Test ANdNRUE9£1979 parameter 4] 2189
arterial stiffness WAz endothelial dysfunction FaanslzAaIlIzEINg a0

U1l univariate analysis (Spearman rank correlation coefficient) was multivariate

analysis Tmelit significant level Ae p < 0.05

3.6 UaaNALlWN15IA8 (Limitation)
dl v al & o v o £ A v v
daaanfiedinnsensiaen  enaniend1anmsliaiuiutiesvisedasldsrasinanly

N13UIUIUNIIRZATLATUIL



unN 4

NANISILASIZRTANA

u

14 ﬂy

dayanug Uil ianaunandnsun1sAnE
Ny ¥ Ao o ¥ Y = = I3
Hfdndanlasanisidesionnn 40 e lHungUsalsavasninenanesiuawimdn

a o :j 1 dld v [ o Y
RELNAUNINNA 20 918 LL@ZﬂQNﬁQU@NVIN@’]ﬂLL@ZLWﬂL‘H’muﬂuqﬂ’aﬁl (aged— and gender-
matched controls) AU 20 38l %]mgdaﬁugmmmE’gﬂf;mmzﬂz\jumuqm (Baseline

characteristics) WAAIATNATNNN 2

p19749 2 Fagaiugureanguitheuazsngunsunu

Variable Lacunar stroke Controls p value
(n=20) (n=20)

Age (years) 61.8+8.16 61.55+8.04 0.946

M/F (n) 13/7 13/7

Underlying Hypertension 14 6

Underlying dyslipidemia 8 8

History of smoke 10 8

ACEI/ARB drug 4 2

Calcium channel blocker | 6 4

drug

Beta blocker drug 2 3

Alpha blocker drug 2 1

Others / unknown drug 3 3

Brachial SBP (mmHg) 155.80+19.64 131.50+17.73 0.000

Brachial DBP (mmHg) 87.30+10.38 78.50+8.93 0.014

Aortic SBP 144.55+20.52 121.30+17.17 0.001




2

dl ' 2 = A 1
AN2797 2 (sin)dnyaNugnuaasnguiiliauaznguaiunn
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Variable Lacunar stroke Controls p value
(n=20) (n=20)

Aortic DBP 88.50+10.44 79.65+9.21 0.013
Smoking (Pack-year) 11.00+15.42 7.95+10.41 0.558
Waist circumference (cm) 89.45+10.38 85.89+12.24 0.242
BMI (kg/m2) 25.48+4.15 25.09+3.74 0.685
NIHSS 4.65+2.99 -

mRS | 5(25) -

mRS Il 8(40) -

mRS 1l 5(25) -

mRS IV 2(10) -

mRS V 0(0) -

Hematocrit (%) 41.25+3.29 41.83 +2.91 0.556
White blood cells (x10"3/ul) | 8391.00+2563.37 | 5968.33+981.05 0.002
Platelets (x10”3/ul) 242.10+58.23 245.33+36.10 0.438
Glucose blood level (mg/dl) | 93.20+11.11 94.50+11.19 0.977
Creatinine (mg/dl) 0.86+0.33 0.84+0.17 0.755
Cholesterol (mg/dl) 183.10+38.62 221.89+42.60 0.008
Triglyceride (mg/dl) 121.75+60.45 117.33+72.15 0.511
LDL-cholesterol (mg/dl) 113.40+36.28 137.44+40.37 0.079
HDL-cholesterol (mg/dl) 43.05+14.11 64.72+12.62 0.000
ESR (mm/hr) 21.45+11.26 14.61+8.65 0.046
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Variable Lacunar stroke Controls p value
(n=20) (n=20)

Risk metabolic syndrome 1 8

1 4a

Risk metabolic syndrome 9 3

2 diq

Risk metabolic syndrome 7 3

3 dn

Risk metabolic syndrome 2 1

4 4a

Metabolic syndrome ATl 1 0

5 4

AIN9inANE AL LLRIMARAIAEA (CF-PWVY, Augmentation index) WAZAIAYN

Aetnfaasnisiiavaesaadiaulaiaey (Endopat RHI) WAASAINANIGA3  Eiloadlen

CF-PWV uazAN Endopat RHI gandnguaduanesinalsiadnmsy (CF-PWV 10.44+3.55 vs

N o o

8.70+1.82, p = 0.013 wLa¥ Endopat RHI 2.46+0.64 vs 1.95+0.60, p = 0.016)
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FN397 3 ANNEIAviEuIBIaRAIAn (CF-PWV, Augmentation index) WAZNNSNINILAAY

wadeulnNas (EndopatRHI(Reactive Hyperemia Index))

Variable Lacunar stroke | Controls (n=20) p value
(n=20)

Arterial stiffness parameters

Carotid-femoral pulse wave | 10.44+3.55 8.70+1.82 0.013

velocity (m/s)

Augmentation Pressure | 18.15+12.54 11.17+6.61 0.053

(mmHg)

Augmentation index (%) 29.40+10.73 25.80+10.23 0.244

Augmentation index at heart |25.250+8.4876 22.900+9.1070 0.337

rate of 75 bpm (%)

Endothelial function

parameters

Endopat Reactive Hyperemia | 2.46+0.64 1.95+0.60 0.016

Index
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N9 6 wansAn Endopat RHI 189ngujilatuaznguanuns

4.00

23

3.007

r
o
i

EndopatRHI

1.00

00 T

control case
Group

W Univariate analysis Wuq1 CF-PWV, Augmentation index Way Endopat RHI

v o oo

WU uﬁ@ﬁmﬁmu@mﬂ"@mmﬁ4

AN CF-PWV fannuduiusiuiladaunstladaasresliiadnanyléun Age (r = 0.414;
p = 0.010) , Brachial SBP (r = 0.572; p = 0.000) &g Aortic SBP (r =0.539, p =0.000 )

A1 Augmentation index HAIMNANNUSTL Age (r = 0.360; p = 0.023), Gender (r =
0.429; p = 0.006), Brachial SBP (r = 0.339; p = 0.032), Aortic SBP (r = 0.473, p =0.02 )
Ay Hematocrit (r = -0.517; p = 0.001)

AN Endopat RHI 4uWuSAY Brachial SBP (r = 0.487; p = 0.002), Aortic SBP (r =

0.497, p =0.001) waz HDL (r = -0.446; p = 0.006)
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ANTA 4 AMNENNUSITUINGAT CF-PWV, Augmentation index Waz Endopat RHI fiu

RNy
Variable Carotid-Femoral | Augmentation Endopat RHI
pulse wave index
velocity
r p-values r p-values r p-values

Age (years) 0.414* | 0.010 0.360* 0.023 -0.074 0.654
Gender 0.121 0.468 0.429** | 0.006 -0.219 0.181
Brachial SBP (mmHg) 0.572** | 0.000 0.339* 0.032 0.487** | 0.002
Brachial DBP (mmHg) 0.081 0.629 -0.035 0.832 0.288 0.076
Aortic SBP (mmHg) 0.539** | 0.000 0.473** | 0.002 0.497** | 0.001
Aortic DBP (mmHg) 0.089 0.595 -0.025 0.879 0.285 0.079
Smoking (Pack-year) -0.098 0.560 0.027 0.867 0.249 0.126
Underlying hypertension 0.057 0.734 0.240 0.136 -0.037 0.824
Underlying dyslipidemia -0.170 0.309 -0.068 0.677 -0.253 0.120
Waist circumference (cm) 0.158 0.357 -0.070 0.676 0.049 0.773
BMI (kg/m2) 0.123 0.461 -0.008 0.961 -0.001 0.994
NIHSS -0.249 0.303 0.175 0.462 -0.020 0.935
mRS -0.221 0.363 0.236 0.317 -0.061 0.805
Hematocrit (%) -0.170 0.322 -0.517** | 0.001 -0.043 0.801
White blood cells (x10"3/ul) | 0.134 0.436 0.241 0.145 0.313 0.059
Platlets (x1073/ul) -0.104 0.545 -0.212 0.201 -0.250 0.135
Glucose blood leve I(mg/dl) | 0.056 0.745 -0.018 0.917 -0.123 0.470
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A13199 4(5B) ANNANNLEIZNI19AN CF-PWV, Augmentation index Waz Endopat RHI fiu

RNy
Variable Carotid-Femoral | Augmentation Endopat RHI
pulse wave index
velocity
r p-values r p-values r p-values

Creatinine (mg/dl) -0.294 0.082 -0.175 0.294 0.135 0.427
Cholesterol (mg/dl) -0.093 | 0.591 -0.248 | 0.133 -0.162 | 0.339
Triglyceride (mg/dl) 0.174 | 0.310 -0.294 | 0.074 0.204 | 0.225
LDL-cholesterol (mg/dl) -0.125 | 0.469 | -0.186 | 0.263 -0.091 | 0.593
HDL-cholesterol (mg/dl) -0.174 /1 0.309 0.036 0.832 -0.446** | 0.006
ESR (mm/hr) 0.071 0.679 0.201 0.226 0.253 0.131
Duration of Hypertension 0.121 0.469 0.407 0.009** 0.074 0.655
Duration of Dyslipidemia -0.196 0.245 -0.080 0.630 -0.146 0.376
Statin -0.041 0.805 -0.064 0.694 -0.235 0.150
Gemfibrozil 0.128 0.446 0.257 0.110 -0.072 0.663
Ca blocker 0.288 0.079 0.414 0.008** -0.092 0.578
ACEI 0.108 0.520 -0.049 0.762 0.274 0.092
ARB 0.160 0.336 0.148 0.312 0.017 0.918
Beta Blocker 0.020 0.906 0.306 0.054 0.088 0.592
Alpha Blocker 0.263 0.111 0.210 0.194 0.111 0.500
Diuretic 0.316 0.053 0.099 0.544 0.308 0.057
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A9 WARIATANNANNUEIZNING Brachial SBP fiu Augmentation index
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Statin Gemfibrozil Ca blocker ACEI ARB Beta alpha diuretic
(mg) blocker blocker
Subject 1 0 NO NO NO NO NO NO NO
Subject 2 0 NO NO NO NO NO NO NO
Subject 3 0 NO NO NO YES NO NO NO
Subject 4 40 NO YES NO NO YES NO NO
Subject 5 0 NO NO NO NO NO NO NO
Subject 6 0 NO YES NO NO NO NO NO
Subject 7 0 NO NO NO NO NO NO NO
Subject 8 0 NO NO NO NO NO NO NO
Subject 9 10 NO NO NO NO NO NO NO
Subject 10 0 NO YES NO NO NO YES YES
Subject 11 0 NO YES NO NO YES NO NO
Subject 12 0 NO NO NO NO NO NO NO
Subject 13 10 NO YES NO NO NO NO NO
Subject 14 0 NO NO YES NO NO NO NO
Subject 15 0 NO NO NO NO NO NO NO
Subject 16 0 NO NO YES NO YES NO YES
Subject 17 10 NO YES NO NO NO NO NO
Subject 18 0 NO NO NO NO NO NO NO
Subject 19 20 NO YES NO NO NO NO NO
Subject 20 0 YES NO NO YES NO YES NO
Control 1 0 NO YES NO NO YES NO NO
Control 2 0 NO YES YES NO NO NO NO
Control 3 0 NO NO NO NO NO NO NO
Control 4 40 NO NO NO YES NO YES YES
Control 5 10 NO NO NO NO NO NO NO
Control 6 0 NO YES NO NO YES NO NO
Control 7 NO NO NO NO NO NO NO
Control 8 10 NO YES NO NO NO NO NO
Control 9 0 NO NO NO NO NO NO NO
Control 10 0 NO YES NO NO NO NO NO
Control 11 0 NO NO NO NO NO NO NO
Control 12 0 NO NO NO NO NO NO NO
Control 13 0 NO NO NO NO NO NO NO
Control 14 0 NO NO NO NO NO NO NO
Control 15 20 NO YES NO NO NO NO NO
Control 16 10 NO NO NO NO YES NO NO
Control 17 0 NO NO NO NO NO NO NO
Control 18 0 NO NO NO NO NO NO NO
Control 19 10 NO NO NO NO NO NO NO
Control 20 10 NO NO NO NO NO NO NO
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P399 6 AN p value TBIANUANGNNTDIAT CF-PWV LAY EndoPAT RHI a99anguit biiu

1 ¥ = o 1 dl 1 1%
Elqﬂ’ﬂull"]L‘ll’]i"]ﬁJﬂ’ﬁ‘ﬁﬂH']ﬂ‘Llﬂ@ﬁJVliﬁJ welfien

Variables CF-PWV EndoPAT RHI
p value p value
Statin 0.604 0.140
Ca blocker 0.790 0.571
ACEI 0.513 0.092
ARB 0.330 0.916
Beta Blocker 0.904 0.586
Alpha Blocker 0.110 0.493
Diuretic 0.055 0.058

lesanntladedn ”tyﬁﬁmﬁi@mﬁmm CF-PWV, Augmentation index WAy
Endopat RHI 1Xuriens uazina saufledn SBP £3dulian1san confounding luiasuas
DIYUATINAUALIAENI9YIN age WAY gender matched fuINNANETLKATNANAILAN
4 mFu SBP fadalivianig adjustment 413l SBP laeld multivariate analysis Wu31AN
CF-PWV, Augmentation index waz Endopat RHI aaai{ilauaznguaiupulauansnemii

1 IS o o

aeliBdATY (p = 0.868 , p = 0.802 WAZ p = 0.390, ANNATAL) TauTsTade luiFacaas

ennfihauaznguatupulifunineuliinasad) CF-PWV wazpn Endopat RHI
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(47, 48)

stiffness) TaeUNUBNNNTAALIANTY cerebrovascular diseases LazA1 PWV aingiiy

(49)

uenNafin fatal stroke Tugilaeanusuladings (essential hypertension) ™ nisdnmil

wugnfilhelnanininzlsanasnidananesauAENALREUNAY (acute lacunar stroke) 7

Tddnnazinmanu Apnulitiaveuaesuaaniaen (arterial stiffness) T93nlag CF-PWV g9

o o

nINgNALIANEENHIIAATUNWNATR ueANARLNATaINII I SlaulaTALN

o

]
=S

(endothelial dysfunction) @wdnlng Endopat RHI lungugilafirntiaandinguaaunu

atielsfmilarin SBP auflutladeiitavEnananiasn arterial stifness NARaNTANdaNEa

WL3AY CF-PWV uay Endopat RHI laifianauansinaiussudenguiihauasnguaiunu
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stroke uAlfiNaTALENAUNANLNNANETIFLA De Siva wazane™ Awudnilaanauny

u 9

intracranial large artery disease § CF-PWV gandnguilifl intracranial large artery
disease (11.7 vs 11.0 m/s, p = 0.015) lunisAnmuiiailaamny TOAST diagnostic
subtype[22] WL4N lacunar subtype A1 PWV Az Alx 449nan stroke mg’u%uj“‘) 1Hun

Large-Artery Atherosclerosis, Cardio-Embolic infarcts, Stroke of Other Determined

v

Etiology ) wanainianuilenisdnunlugilae hypertension @1gunndn 50 AN small

vessel disease 1178 subcortical infarction WLINE PWV N1gan41 control aginaflsladnsny “*

A PWV Ngetulunnsdnmnnliingldaanpdasiunisdnsnlutseainsinaanaasunalfidn

thazifenfiasiulsndszdnmaedihefifiionnumlafinguuazsuimy iesladeilFi
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N o gy a . ) | & a  a o o L@ A
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N112 endothelial dysfunction LazN19iNA toxic effects AU BIAACINEITAINUNITLINNNIT

\AA arterial stiffness “AIANNNRNAALADARNAIFL LS

(6)

1N systematic review Anm1AN vascular reactivity “Lwi’gﬂqa lacunar infarction

v o

funguAauAniinengdinfuiufitag (aged-matched control subjects) wudngtlag lacunar
infarction {AN vascular activity ﬁ‘i"mqum\jumuqm (a7 8 lu 9 naAnEvinly Eiloass
324 918 A1 standardized mean difference (SMD) -0.94, 95% CI -1.17 to -0.70,
P<0.00001) WAiliiesinnnsAnEAY vascular reactivity Tugftlagl lacunar infarction fuNgw
muqu‘ﬁﬁmﬂqLL@zﬁ@@”ﬂL?ilﬂwa\ﬂiwmmL?mm%ﬁuﬁuw:ﬂw (age and risk factor-

matched control subjects) WU9151a8 lacunar infarction 1A vascular activity lduwansng

v
o o o

AInNngNALANet NN 1ATY  AWiunNag  endothelial  dysfunction  Aimulélugiae

[ 1%

lacunar stroke @W@Lﬂﬂfﬁﬂ’m vascular risk factors ﬁﬁjﬂwﬁ@ﬂﬂﬂuumﬁm stroke 9:A2s]

u

wanideuBeudieutunguitaeiifluanemdananuas sidenanesuna v
(large artery stroke) WL3MH5zAL endothelial dysfunction IniAeariis dayaluilaqiiad
Tdannsnagdlfidannag endothelial dysfunction anziatzasingulsaaaAdanaNs
YUIALENFAL (small vessel stroke)

wnfiansngilneanuansnan19ii@aneN199anes (computed tomography 158
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magnetic resonance imaging) AarannsauigtelfifuassnguAsnguNivaanaen

q
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Lacunar Infarcts fiu Binswanger disease HuiANuLAnsnarii fail
Hnalnniafia  Lacunar  Infarcts  Miiluvasmdenmeqrunsanay  (single
penetrating artery) IAARINNNINANITANAITDITUIATDIFUADALABALUBNAINYNYA
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Binswanger disease unazlnasiaAn arterial stifiness Wa¥A1  endothelial
dysfunction TnaAmadnlungu Binswanger disease NiuagAaaALANT AL MABA
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