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ABSTRACT

World Health Organization reported that smoking is a major cause of
cardiovascular and cerebrovascular diseases. Nicotine is a component in tobacco that
stimulates the sympathetic nervous system. It increases heart rate and blood pressure
leading to cardiac muscle required more oxygen. However, cardiac muscle receives
reduced oxygen due to coronary artery spasm. Diastolic dysfunction is initial step of its
impact. Systolic dysfunction then occurs resulting in heart failure. Heart function is
evaluated using echocardiography. This method is popular and can be use as screening
tool. In addition, Systolic function is evaluated using the speckle tracking method.
By defining the points in the myocardial and assessment of myocardial. Speckle tracking
technique is useful for the early detection of systolic dysfunction. According to previous
reports, cigarettes resulted in changes in left ventricle (LV) diastolic function. Some
studies showed that smoking altered both LV systolic and diastolic functions. However,
the effect of smoking heart function is controversial. This study aimed to determine the
effect of smoking on cardiac function in Thai people. Healthy volunteers aged 20-60
years who smoked at least 5 cigarettes per day. A total of 88 people were divided into 44
non-smoking groups and 44 smoking groups. The LV systolic and diastolic function were

evaluated using echocardiography. After that, the images were analyzed by speckle



tracking technique for evaluate systolic function. The result showed that left ventricular
gjection fraction and fractional shortening in the smoking group were significantly lower
than the non-smoking group. In addition, e' septal velocity in the smpking group was
significantly greater than the non-smoking group whereas E/e' and A' velocity in the
smoking group were significantly less than the non-smoking group. Moreover, global
longitudinal in apical 4 chamber view significantly decreased in the smoking group
compared with the non-smoking group. The result indicated that the smoking group had
changing diastolic and systolic function significantly. In conclusion, smoking causes the
change in LV relaxation and systolic function. Smokers will be aware of changes in heart

function and then reduce or quit smoking.
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plasminogen activator inhibitor-1(PAI-1) TuiAguywsil PAI-1 Nigeau (40) §usiusiy

a

o o/ =

ﬂ?mmmﬁquwﬁl ﬁaﬁ'uﬁmwmummiumqa tPA / PA ilusfadsafifiulse Toaliianany
annaas fibrinolytic éﬁ@uqﬁ%ﬁﬂé’qwmﬂﬁmmﬂ@wm substance-P-stimulated t-PA Laz
fnaldauutassnsdauras tPAPALT Fuiuludfiguyvidaouduiugiunisiia
dysfunctional thrombo-hemostatic mechanism ?‘iﬁmﬂﬁi@n%mumi fibrinolytic ‘ﬁmm

NaUaY Oxidative Stress

Aladu lyviafiunumdrdylunnfuBunnideadieanainialasdaund
(cardiac output) 8RsInT9uiuaasiala (heart rate) wazaanumladin (blood pressure) Hua
s thrombohemostatic factors Léun in@ataan fibrinogen t-PA wa PAI-1 Faflumumies
\infletsianiafinnaeaidenudeia andeyanisdnunluilaqtuisidn dauiidinade
nezuaun R deaudfaty 11AINN1TAALALEITAINTZUAUNIENLAL LAY
oxidative stress ann sAnEneaunianudn oxidative stress AMn@seyadasy denasiely
ssnaanlas nanisgaude wazanas wlunaiia prothrombogenic modification 11 adide

ynaenden indadan fibrin waz prothrombogenic factors kasassuuivaReulalin (15)
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X | g %4 A o o~ ﬂj ] _
wananUEN dnTanduys avldfuansayyadase Uisenaesanseyyadas:
H oy o= ' o = ¢ 1 %j/ o v Ve s dP 4‘ 21
lditeausiannisinauseslusEneanlafvingi daaie peroxynitrite Fudaiiunszuaunis
\im oxidative stress NaifinTuT8s oxidative stress uaznisanasradhussnasn b
o/ gli = o 2 o = <4 o o o
matit Mequyvaneadasiunaialsanaendaniala anuguianaisdranyly
ni <4 = = 9/ 1 9 e 24 a o o 9
Y3 Ae Alakiu waznszusunisunludinalfifaufanifueusauanlad v1l#iianas
_ 4 4 oy a 4w o W 4
wWasuwlasnelunaeaien Gaildgnmaianaaaiantialagasiu liun vaeaianuwns
11 4 A =3 A [ [ dl. =4 o/ Yo o ‘4
wie wifuduaannun indaidenduaiugadiaynaaniaen Halaiuindsnay nad
mssninliiaeaaesinlaliiene Asduanwnliisdalasneandian wasifinnieg
o’ = o v o o = é’ o o Qa!d' o d‘a
dalane@gunduld drufuntsdsaiiuiugruaesnisinauaesiala aaniunliauunn
' 4 : , . o o
ige Aa NsmsaamaEARILAtNaziauAINNDge (echocardiography) wdailunisussiiui
2 g9t nainauesnstiusaaesiala (LV systolic function) wazn1zaanefiazasiala (LV

diastolic function)

m‘sﬂﬁw‘iumﬁﬁué’l’wmﬁ’ﬂqﬁ'@adwﬁﬁﬂﬁ'qaﬂﬁutﬁmmﬁ@umwNﬁga (Evaluation
of left ventricular (LV) function by echocardiography)

Tunnsdsaifiunisvinauaasiala Lﬂunﬁ@ﬂﬁztﬁuﬁugﬂum90mzmumﬁﬁ%‘iﬂ
enfulsaiala A3duiRausnniian Aanimeadendwdasasfiauannuige iasn
Hluagnnsnmatilignamudngsranis uazannsaiiuntsinsusasiala o snsiivnnis
192154 (real-time image) Aan guideline 98¢ American Heart Association n3tlsztiunng
fugnaasiilautsnaniily 233 33 Teicholz 4AZAR Simpson's biplane AAszifiunand
dhunsfimefudailuilng waziining Arlunguailn@finnsudsssAuaaiugunes leun
mild, moderate Waz severe lunasUsziiulnisiiuainnisineuaasiala (cardiac
imaging) 19ae 3 ARsTassImIzNsETasila (beats) 1ur;§7iﬁ normal sinus rhythm waz
\iU 5 beats &ﬁﬁﬁ atrial fibrillation

ngilsziliumativaasialanasarsdng aagdd Teicholz (8)

dhasssiiunisinanueneialadvsa Inedlunisdmuuy linear dimension w3
M-mode nstlszifiugaedanssa linear dimension Isqaeniunisres LV 33n1stssiivg]
avinsdnunatesiala wazadtmnaasandaitetalalugnu posterior wall
interventricular septum 4alwda4 end-diastolic AMuuaLlY 4a9usnaaInasann mitral valve

= 1 i ar B . 1 ! ar 1 A
Un visatdasiiannisadn LV dimension Wsavolume lalinjigm uazn1sindas end-systole 7
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! i . = ' ! o . . al o
Aratasi aortic valve Tln wTadaefianunsnda LV dimension 1i5a volume Iidnigna 11
af U ot 1 ' . . . ?;/ 2
WeuAlaadnANLANFN9TEHINN199 end-diastolic e end-systolic AMnttunIsA9el end-
diastolic gms 100 ANTfiauaanunldAe Ejection fraction (EF) visawlafidufaenaeniign
= o’ ] = as % :’/ = [ o -:J [ é’
Tueenarnsdalasanisiiushrasiala 1 A% Agmsauarnmeiinanssia il

gm3A1UIR Ejection fraction (EF)

(EDV-ESV)
O e

LVEF=
U3 EDV

100
LVEF = left ventricular ejection fraction
EDV = end diastolic volume

ESV = end systolic volume

- | o
2ansuseiiy
1. 219l Parasternal long axis view
2. 914 cursor WiRsaInA NI LV wdanm M mode
3. n19U9sii LAanda9 end-diastolic AFITLALMUY Q wave WaY1a9 end-
) a.i o ' c,: di Qs o 14 =3 ‘ ¥ '
systolic Pnunilsdugn T wave 1a9AaU AT 1A TR UUUAIHLINDITAUAIIAN A8

interventricular septum KAZ3ATBLLUATBLIUDNTALANNANUA9TRS posterior wall (41)

M 2 wanensdsziiunisiuaesialaiasanedng nqeRs Teicholz
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madsziiunistiveasialanasaredne naedd Simpson's biplane (8)

= Y 1 o’ i | [-74 Gz %4

aann9UssiuAn EF lnadanismdauiaasiiiandtuiidaialatae ldnn 2 sxunu
I#un apical 4 chamber wag apical 2 chamber Usziliulaenisannidiann annulus fanils
lumrnaauea9 endocardium 989 LV auduga annulus anlenils 35 Simpson’s biplane
A uIULINIRTIR9 LV Taenisdauds LV aandudaudou sauwtaluwiazdquaantdy
&
W

121

u‘*ﬁmnj (disks) e UFumseas
o e -y
ann15isziiu
1. 9191 apical 4 chamber
2. gualilés Lv Widuaey endocardium aghedaan
3. nA Menu 1@ann1s9m biplane dmT29 end-diastolic WaL end-systolic Inanis
aniduann annulus fanileliminaenaes endocardium 289 LV au@iuge annulus anls
4
MY
4. 9191 apical 2 chamber

5. Usuwdwmsaiudan 2 way 3 (41)

AN 3 wansnslsziiuntsivaassialanasansdie naed s Simpson's biplane

ﬁm: Roberto M. Lang et al. (8)
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A1979 1 WAAANNNAGFIU UazsaALANARLNRAUaY ejection fraction (8)

LVEF (%)
Antng Mild Moderate Severe
LWATE 52-72 41-51 30-40 <30
LHANEYS 54-74 41-53 30-40 <30

‘7‘1&1’1: Roberto M. Lang et al. (8)

NTauNLINTas The American Society of Echocardiography (ASE) n1silsuiiiu
EF a1nn12aianiaas EDV uag ESV A1 LVEF Tunstlfl inddna il LVEF <52% wazinAnc]

LVEF <54% apd13iaauiintnAaes LV systolic function (8)

mﬁﬂﬁzLﬁumﬁﬂmﬂé’x’qmmﬁ'fﬂqﬁmma%ﬁﬂé'f'wﬂﬁ'maﬂmxﬁaummﬁga (Evaluation
of left ventricular (LV) diastolic function by echocardiography) (7)

n191l2248is LV diastolic function Lﬂuma‘ﬂmﬁuﬁuﬁmmmQ’ﬂqw‘?’;mmmn'\sm@ﬂ
dyspnea %34 heart failure §1m5unnstlsziiin LV diastolic function Usznausaanisysziiin
2D way Doppler parameters Haysafiuuasuiiaszfuaas diastolic dysfunction Way
estimate LV filling pressures

nstlssidiu LV diastolic function Wlunnstsziiunnsinamaasndruifaiala
AT AREAY

1lszifiulag pulse wave tissue Doppler echocardiogram (TDI) 4UA2ML5IN"S
\wARNTIA Interventricular septum UszdiuldAmnsmiimes laun

1. mitral annular early diastolic velocity ¥5a e’ wiaenilu cm/sec A 429 peak
velocity Undzearly diastole LiluAruansauduRNusaag e fusvazioansfiaas LV
relaxation kazatsnsaldan e MI9aRaUAITNYNARIIBAT LV relaxation 1 mitral E

velocity Tneififladamng hemodynamic siasn e' léun LV relaxation, restoring forces Wa

filling pressure
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2. Mitral E/e’ ratio Aa Mitral E velocity #13@ae mitral annular e’ velocity 814190
ALY filling pressures

A8n13192L3U mitral annular velocity

1. 9741 apical 4 chamber

2. 9N9RIWNUG cursor  U3LnMe Interventricular  septum w@niae 14 tissue

Doppler ne PW (7, 41)

MW 4 AAINIFUSZLAUNITARILAIUDIN LANBIASTNEN2AE

mitral annular velocity

AN919 2 WAAIAINITHURKNANITINLARSNITARE AU bARRIAIed8RId E

mitral annular velocity

AN HMT normal abnormal
Septal E' 28 <8
Septal E/e’ 210 <10

‘ﬁu’\: Nagueh et al. (7)
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n19192L 84U pulse wave Doppler mitral valve inflow velocity tilunnsisstiiu
AN TR mitral valve SuAdns§aLRaslaneaes mitral vaive ldAmnsiiaes Idur

1. Mitral E velocity ndaenili cm/sec Aadae peak velocity 144 early filling phase
994 diastole FUAAIMFIANN3AA ECG T wave #n E velocity 1ilufatiauaniie LA-LV
pressure gradient wazUeandanansvnugasialafiinannnisulaguulas LV relaxation was
LA pressure

2. Mitral A velocity widaenili cmisec Aadag peak velocity Uty atrial contraction
yW3alate filling phase 124 diastole Fauanamaanniaia ECG P wave An A velocity 111
Aadeuanie LA-LV pressure gradient Lmzumﬁw@ﬂ?a‘mummﬁ'ﬂ@ﬁtﬁm@’m LV
compliance WaglLA contractile function

3. Mitral E/A ratio A% Mitral E velocity #ns@ae Mitral A velocity Lﬁ'@lﬁum?‘a‘zu
filling patterns 1% normal, impaired relaxation, pseudonormal wagrestrictive filling

4. Mitral E-velocity DT wilaenilu msec Aadagan peak E velocity AaL1ag1aa9
LV filling 84 zero-velocity #iszé baseline A1 E-velocity DT lé5una@nduaniann LV
relaxation, LV diastolic

A8n1515210U pulse wave doppler mitral valve inflow velogity

1. 979%11 apical 4 chamber

2. 2NANUN cursor LRAuIeRAY mitral Lanae ne PW (7, 41)

NN 5 wARINI5U9ZLAUNITARILAIUBIN bAtRIR1TNRINQE

pulse wave Doppler mitral valve inflow velocity
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A1919 3 WARIAT LV relaxation, filling pressures, 2D wag Doppler 424 LV diastolic

function (7)

Normal Grade 1 Grade 2 Grade 3
LV relaxation n@ Amn nang Amng
LAP n# Unf siTeanad s isng
Mitral E/A ratio 20.8 <08 > 0.8 whl <2 >2
Average E/e’ ratio <10 <10 10-14 >14

ﬁm: Nagueh et al. (7)

Diastolic dysfunction

Normal Grade | Grade Il Grade |l
impaired relaxation Pseudonormalized Resirictive filling

Mitral |
flow velocity i

Mitral
ahnular
velocity

2w 6 wanangulszifivlugiluuy Dopple (Uu) 38 mitral valve inflow velocity

(819) 98 mitral annular velocity

ﬁ 1 Smiseth, Otto A. (42)



In patients with normal LV EF

1-Average e’ > 14
2-8eptal e' velocity < 7 cmls or
Lateral @' velocity <10 cm/s
3-TR velocity » 2.8 /s

4.LA volume Index >34mlim?

<50%
positive

Normal Diastolic

-
|

’; function :
]

NN 7 wandn1gRlaniwisieasnislssiiunisaatefiauadiia larasatedis

50%
positive

© Indeterminate

MeA T mitral annular velocity

ﬁm: Nagueh et al. (7)

BT Yy

/ Mitral Inflow
O S R

N N EINS08+E > B0cmis

B}

!
{
¢
i
i
i

>60%
positive

Diastolic
Dysfungtion

i {
: {
i i o
: E/AX0.8 +E 5 50 cis | E/A>0.8-<2 { E/Az2
I 3 critetia to be svaluated” I
A o 4 1-Average E/e’ > 14 ) o
2o orSor3 | 2 TR velocity > 28y || 2912 01901
9 3-LA Vol. index»34mifm? it
I When only 2 crilerla are avatiabla’
- 1positiveand{ ., .
2 negative 1 negalive 2 positive
| Nommal LAP ] [ Cannotdetermine | | jLAP | TLAP
i Grade | Diastalic 2 ! LAP and Diastolic | | Grade li Diastolic Grade Ml Diastolic
! Dysfunction : ¢ Dysfunction t | Dysfuncion | Dysfunction
‘ | _Gmder L
if Symptomalic

S ;
| Conslder CAD, o f
| proceed to diastolic |
slress test !
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2N 8 KARINTHIAANITI RLAasN15U52L IUNITARIAURINA baRasaNsdNe A8

pulse wave doppler mitral valve inflow velocity

ﬁm: Nagueh et al. (7)
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LV diastolic dysfunction vim impaired LV relaxation a1ailvdeliinnsanasans
, o X , d oo - o
restoring forces WAINITINNAUUIAY LV chamber stiffness A9NHARBANITINANTTINNTY
cardiac filling pressures uann1sUseilin LV diastolic function anndauuzinang
_ . . o4 - o
The American Society of Echocardiography (ASE) (7) WaBunstsuiiusasinnsaniiuiin
e k4 i | A o/
dagyanrapannidassiu 1Hun heart rate blood pressure 2D way Doppler ARgaaNLLAgARL
LV volumes/wall thickness LVEF LA volume WaZseAtiAINIunsa183 mitral valve disease
n1337a88 diastolic function lunsiifl LVEF aglwnaifni aonnuunnsing
srudnemnuRadnfnaznfaes diastolic function RuliAiudausiuaasaAn Doppler
P PP = & o 4 =
Wwasanluauganinanianguiniinisilasudasresssuuiialanarnaeniaan dnns
o X , - o , o A
WnTuIas LV stiffness 1NANNST2a0s1989 LV relaxation HATIAINNN Aa Win diastolic
dysfunction Aaruluggeangazanunsany mild diastolic dysfunction leiadneiuawaigias
(40-60 T) angdailutladaniiafinasfiansasiilalsviiin diastolic function An1sTimeiy
wdAUHANANITEARsT84 LV relaxation AR NN9anasaa9 mitral E/A ratio kaz E' velocity
ludlaqifuiinisnsaatlszifiu systolic  function daeddawniiaunsniia (13)
o= 'Y o o=y ay o U ni’ o [
nistlszidudaeadnifannsnig iunisusuifiunisinauenanuiiasiala Tnantsnanun
g of o o/ o 9
qalundnaidaiala wazgnisineuaeiala lagldinaluladaeuafiiludaninua
9 ] =3 <y 3] cada; - = 1Y 3 a’
nisngaasatidgainifaunsnisiluishnsanuanuiadnfvesnauiiiadialalussazuen
Ifaenududn lutlqiuldiradnfauwmsnialsafiugilanlafuafitnindwiulsanzis

o nzi' 9/0/ : o’ dl s = 14 d"!’ o
wsaeanldFunansznuainlspauiola ivensaamanuiialnfsesnduiiatiola

nadsziiuntgvinauaasialaviasansdienag Two dimensional (2D) speckle tracking
echocardiography (STE) (13)
The European Association of Cardiovascular Imaging (EACVI) uae The American

. . U U 2 ) oy =y ¥ ‘3 o’
Society of Echocardiography (ASE) na1291 Tunsdszfivaanuiinlnfaesndnuiiiaiala
(myocardial deformation) AaeAD Doppler VR speckle tracking techniques arnsa i
¥ d‘ a’ 2«’ o e s W =y all vy .
Fayaifinaniuluniendiin swmiulfazuaasaanuiiadndladeyaaniz (unique
. . ai o . B . i [
information) tnNgiaNy regional Wway global ventricular function agnelafimiuannnisdnmn
unedauuanslfifiuliannsanasaesa inter-observer Lazintra-observer variability 1unng
132131 global ventricular function 28tanasn1sUsziiiudaanaiiaitlsunnistszii

(-] g o/ g o/ . N . >
nalnnianeuresndiniiaiala nduiiadialaanmaen cardiomyopathies LV diastolic
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R = P él’ o o/ o ) 1
dysfunction wazmsaaniaduinlnRaasndsniladala lullaqiuldtinaiaiunldly
9 0 a} 9res =] o o A o a 4 9y =l Vo 4: s
Fulaedlfsuafitntimianisineusie vsediheildfunansenuannisaauiala

nisnsalsuiiiuialadaead speckle tracking echocardiography %a3a STE 1ilu
FanaAun i 1aaslud adnetunislsziiugae tissue Doppler imaging (TDI) daeilH

[ . . § IS o'dlal = a Y v ' .
AnU19nATUINY myocardial velocities wWazAINITRASNHAINNALUNA lAun strain wa
strain rate (SR) fluArnnsnimesitauaniianis systolic function diastolic function
ischemia nalnae4 myocardial WazNITLAUNIMNINENTETIANENaR9%9la wiaerglafinna
1 aly o0 o ] d} = o ¥ = ' 1
A1 TDI Hdaaianangadng liasanianndudaulunismssiuazudang A1aas frame
rate WA angle dependent

nstsziiuanauialnisae STE Magnisaueaianauiindnifisingy tnel

o = a L) o % d'd d‘
nnsanuantasllsunsurasiane fannisaasialnfaesialaninisyaaundasgilain
NN standard 2D grey scale images MAuls gnursodudredeaiinaesdn TDI uag
arunsndszfiulugafiaulalundrsnidesiala (myocardial region of interest: ROI)

ROI tszifiuludne end-diastole 1 Apical view lngilszilinaanluresnanuiiie
#ala (endocardial border) 22ukansasnaisiidaiala (epicardial border) wazuFiane

a 2 tg Y . . . =4 o '
Audnansraanduiidaala (myocardial midline) Aa dsziiuszndnarauueniazraulues
ndutileriala Inelisunsupanfiamasitlufa trace 20913 tanndniiiananla wanannil
&1u190 trace  naluazudlalddae n1g trace A1 ROI flaanudiAyiunisdssifiy
A lmedninauindnd Lawn strain T ASE lawnzinldezsingzdanns trace 1isiand

.\ . =4 9 j d‘ « ) '
epicardium sazauuandasnaisiiala iasanniiaalunisanasaesmn strain Tuldsunsy

1=

1 o ' g o %’/ A )
aafLadrae STE  wsiazguiinnsdsvidin ROI wansnafu Audunisnglsziivann

9

szaunsaidenanannusziiile
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Left ROI Right ROt

Myocardial midline

Epicardial border

Endocardial border

Lt Base Mid Base Rt. Base

MN 9 Lmmaﬁgmﬁﬂu”lqiunﬁ'ﬁmﬁ@ﬁ’ﬂ'ﬂu Apical view (myocardial region of interest :
ROI) Myocardial RO! b Apical view wiislatilu Base aasirlauisaaniily
Hedrauazaan \Wluuaudugauas endocardial border, Midbase U3t9muqm
ananasynang base Hefawazan wazApex 1danilnagnain Midbase

lun1siszifiudan STE azutenigdninsesndraiidedalananiiugaus
(segments) WaETIEIURANTTIATIEZHRBNTIUAN strain N15s2LEY Apical view wilensg
seifimilu 6 dow laun Basal segments, Middle segments waz Apical segments lagl
ntiafluflednanazann uaznnstleviin Myocardial ROI 114 Short-axis views w&adlin1n 9

128l end-diastole Wndeany Apical view
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. anterler

= & o . . |4
M 10 wansndaulalunarailakalaly Short-axis view (de)uans 6 segments
s [y . & o
AU 2AU basal waE mid AasnA AN LA (UN)UARe 4 segments
o s . & o N .
AuFusEAY apical TasnANLLaRIlA IRAUAILAAILTLIN anterior AR

right ventricular free wall #32 anteroseptal
ﬁm Jens-Uwe Voigt et al. (13)

n1990

1 A =y ] . . N .
A ltnasdszilulu STE laun velocity displacement strain Wag strain rate

1. Velocity

. i 1 1 o‘d‘da 9/ =
VeIOCIty AR AANULTI Lﬂulﬁ‘ﬂ"]mmﬂLm@?V]N‘WﬂW’]\‘lLL@%WQ'\NTVJ"\\? 1uﬂqﬁ‘ﬂ§‘$l,3~lu
\ o o 9/ 1
velocity 11 STE fnsilsuinunanvanesuunas Laun
Vr %3 velocity €2%5Ad (radial) Asainiy endocardial border LazuaRIALTS
A o 0
UINLHBNNITUARD (contraction)
VI %38 velocity #33A203819 (longitudinal) d2uAidulaiy endocardial border
) - ﬁ' e ‘ﬂl A o o
wazsndnsANTauaniainnaaaauiandou base 1aealaludadau apex
Ve 3 velocity dausausinu (circumferential) daundudany endocardial
) dll =] =3 | oy dl =f [~
border LL@5’]\'1ﬂ'\L"ﬂ\‘l‘U')ﬂLN@Nﬂ’]?Vﬁgu‘V\quWNuq‘Wﬂq LL@gLL'&ﬂ\‘iﬂ’]L"ﬁ\‘i@ULN@NﬂW?V?{HW'\NL’MJ
1A 11 short-axis view

2. Displacement

, ! o o o X
displacement %38 X(t) An sveziaa nikrasnsiNaannadacii dunis Aall

t

X)) = | v(hHhdt'.

ED
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Aardi lun1gatuaniun longitudinal, circumferential, and radial displacements
4@ longitudinal, circumferential, and radial velocities tunnsAuang
3. Strain wagstrain rate
strain (S) Aa AnAdNLAsER uFauanANRALUNR (deformation) nasvdegyl
wazStrain rate (SR) AednsnsanuiaLnAresniaiiegyl (deformation rate) 11w svaiziIan
1 A =y
wirlamfianiadegt
3 13 1 2
nnedndssiiudanen strain Iasaduans@aviviladu Inaduanuiilgannnm
A =y 1 1 ¥ Gl =y !
wasugldlufidniades u nasde vseanadu faeddalunisaBuiatanisiaeuuilas
;ij af  ane} R .
AYMNENNY AR 98 Lagrangian WA natural strain
- ] 4 .
1§ Lagrangian strain
4 v = =4 9 = d’ cj
NMUARRNNENAEN9BS L(O) WAz LE) AB AINNENIaInAANNEnIa 1B sl At e
1981935 AnnTuRINIAINI AeaNnITudnalunn 10 TnesreanuailuAsduze

vl gt

L()-L,

L(t) — L(0)
L(0)

SL(t) =

a =t =) . .
AN 11 kandANgnasdeiilasuntladluaa uile wazaNn1g Lagrangian strain

aei o . , _ - 4 . .
ATATUIUNIAN Lagrangian strain  rate tiludaunile i Lagrangian  strain

AIANNNST

dsu) ¢ dL(t)

SRy, (t) = Tt T L dt
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=}

fi Natural strain
A

)
=y v = Aﬂl nl dl‘ ar dl an =]
Ipngmensasiidanuudasiiadngudaeugt aqu1snasunanennsg
A o/ aj (% ¥ b4 1 N
wlasumlaspanuena bdlusiug wazdaanislaswniasluiuninlian natural strain rate

wiludaszainiaansnede (independent of reference times) AnsndlARsgnnIs

dSN(t) 1 dL(t)
dt  — L{t) dt

SRy (t) =

anANNLANFA19LANN15189 Lagrangian strain rate Hdauiunnsnafuating
\Wiaa Al Natural strain asgnunsaatuaniléiann integrating auN19124 natural strain rate

AIANNG

ot an revge pt 1AL 5, 5 (L)
Sn(t) = jm SRy (t)dt = fm TR dt =1n T )
WIARRINA 1T aNN49919 all three one-dimensional (longitudinal, circumferential,
and radial) displacement wazdaulsznauaed strain
4. Rotational mechanics
AaNAALUNAU29NIT rotational Wian1uyuIa9 LV W long  axis 418190
Usnluldaaswimfmes lHun Twist uay torsion
K = 1 b 41“1 o/ N
Twist AR ANLANAITaIn I ulunddliaialadau apical way basal
11 short-axis #Anuaenilu degrees n133AnAs twist Uszifis twisting wWae  untwisting rate
Tmdaendlu degrees/s
. < o 1 = ] ) .
Torsion Aa weliRseazsrrdnaszunLaasnn Auuaeidli degrees/cm nng twist
WAz torsion @1u1904 lAsae two-dimensional echocardiography agnslafimunisingase
2D echocardiography biignunsadnlfadrsany sl tiasarnaumisaasninliduinen
o y
18999 la uazhw)
5. Baseline drift
N1TANINS displacement Wwag strain @ﬂn%@g@ﬁmmnmsﬂiuﬁué’m tissue

. | {a = . . o =
Doppler %3@ speckle tracking wamaAnialnAlu baseline drift safuanalunin 12
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NN 12 wAMe baseline drift (MW A) W @UN3IN strain curve AINNITRARAINNITYINIY
aasnansiianialalagnis tracking WagNN4 drift (AFLT=9) (NN B)
ng drift fin19U5usa A198sanmsdanea ECG strain curve MAANIS drift
NALLUE zero point (NATHLUADY)

ﬁm: Jens-Uwe Voigt et al. (13)

6. Multidimensional deformation
Multidimensional deformation sisanisiuaeuginanedis aanuwuaAnianun b
=y dld cj 1 = = aa = ' %’1 ¢ | 1 d‘
ANNBIN mq‘mJm';m_lﬂﬁluLL‘lng‘lJﬁ"wammmmeLmuu agglsAanunaUasuLlagaas

opiuilaedin manfewllldaniaudntsinldduavizasatuiniu Awandlunin 13
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Y Y
2 | oy
y
0
Ry X X
4] L]
V| Y]
By
- s Loy
! /
’
] / Y oy
Yily !
[ 'l N\ e
% ;? @ % -5 X

aca
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ﬁm: Jens-Uwe Voigt et al. (13)

Tunigusziin STE Wuildanngn ultrasound beam 13389310 ultrasound beam
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9
b

P o v o o . 2 A a a
LARIHIBNIARANAIN A43% 98N17 tracking A4ANQ1 ultrasound beam 1‘1&?7'75‘2]‘]_!‘31'3%7]@%

Ina (far field of the image) lae trace i myocardium AMn1sRmeFnldlunistlssidiu STE

90 1
g
dl 9 s-g‘l/ o < . at =2
nswadaulinaeIndsilaiala w5 deformation AMnyuNed base 1a9¥alang

apex Usziiulu three apical views laun
1. Longitudinal velocity (V) widaendlu cm/s
2. Longitudinal displacement (DI) wdqendli mm
3. Longitudinal strain rate (SRI) widaaidly 1/s

4. Longitudinal strain (SI) wilaentlu %
d; b2 j o < . o LY
ﬂ']ﬁ‘l,ﬂﬂﬂulws“m\‘iﬂ@’mm@‘ﬁﬂ@ %58 deformation @qﬂﬂq?ﬂﬂmqm@\?ﬁ(ﬂ:@

(contraction) Uszifiul three apical views, parasternal short-axis view Wag parasternal

long-axis view kA
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1. Radial velocity (Vr) widaenilu cm/s

2. Radial displacement (Dr) wdagiilis mm

3. Radial strain rate (SRr) niagiilu 1/s

4. Radial strain (Sr) widaendss %

nawnanlng e deformation lusuuauiianasann apex azifudnmaszns
Dushaasialauuumyunaudnun@ing Usuiiulu short-axis views Mun

1. Circumferential velocity (Vc) wiagiili cm/s
Rotation rate (RotR) wagiilu °/s
Circumferential displacement (Dc) il mm

Rotation (Rot) Mgl ©

Circumferential strain rate (SRc) #idaenili 1/s

o ok N

Circumferential strain (Sc) wuaently %
o % el et ' t::i' o = as ¢ ] r.‘i
n191sesiiss STE Aetfadluiidanislnad HfsasfinnsAneuazimunagasaiiio
o s sy g ej T v v oy [ d} & ena] -=l' 2
Tutlaqiiy m’lummmmgqu‘wLLuu@uiumsM@Nm fuiaaNIaNARAI TN 9N 1
o o = = « o
ANUTAINKLTUIIUNETIINGT ANTEITIYIRIUAAINT WaTLlszaunisainnsnneny
Matls ann1sANEITae Abdullah M. Alshehri wazans (9) MRANMDINANTZNL
.=1' o = o o 1% ' 9 o . . q A%
129y snnReundRluialatasansdeuazasn Inedn diastolic function luauangias
AU NI wasunaNLeiguynE1-2 naudadn lussasinanadiedan 11 o
agnaNmsanunazlssunisUsviiin ECG, 2D uwazM-mode echocardiography, standard
: j o da
Doppler echocardiography, pulsed TDI (tissue Doppler imaging) N340 septal lateral
484 mitral annulus Wwalateral tricuspid annulus
tenifiualadeeansds wudnanle M-mode ldun Interventricular septum
(IVS), Left ventricular end diastolic dimensions (LDEDD), Left ventricular end systolic
dimensions (LVESD), Posterior wall wazLV EF wudnlaifinisiaesuiaslu LV systolic
N 1// ) | ] N R R =y IJ
functions BNTINLIINTGUYMEAINAsa LV diastolic functions winnisiaauwilasaes
mitral inflow anAINRRLUNFRYa9 LV relaxation wananiisanudafidunadasunilasang
. 4 Y - Lo
Doppler parameters u LV functions aannnsquyviiieeasamas tiwn mitral E velocity 9
anRY WAz mitral A velocity NI AANITAARITAS E/A ratio watleaglsnnaing weidl

wualiaifa impaired diastolic filling Wazannnigilszifis Tissue Doppler WU91AN €' septal
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anag, A Lﬁu’%uuﬁqmmguwéﬁ dania EVA' septal ratio AnAs uazAn E/e’ ratio s (il
favinuneaed LV filing pressure agbunasiing wiliuualiisufia impaired LV relaxation
wananiigeldilsafivluialagesdnean nudiuaainnisguysi Suasia RV systolic way
diastolic functions FinMsulAeuuilasen Doppler parameters ltlannAn baseline
ms@luw?;é@é“amN@*‘?’;‘Kmmﬂunmﬂﬁ'ﬂuuﬂm diastolic function lusialaas
anadnanarean u,m'mmsz‘w‘ummms@uw‘émjwﬁﬂuwﬁuﬁmmﬁi@ LV and RV systolic

way diastolic siislizinnsAnsieana
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5. fnlsatiala 1y Tsndudala lsavaandaniiala lsandanilatala
o =t a’ Y oo o
Az lasufindmng
et
nfl

nzdau AdERNaanINanngn 30 nn./u. Al

e3P 23l

ANTquNg ARt
TWANGNAIRENT ATUIAINGATNNLTULLTIUAINLANANIANRAL TS 2 NGN

@ ¥ s

nellaungy R (46) Fedayatnedearnsuiaaaes Elf Eroglu et al. (47) 1389 NATBINITGLU

a

N { o or Y ¢ k73 o 4 Aa = ! !
yisszaziaauuianisinnuialaiesasdisuazaanludoguniiganing wudd An peak
e . . R\ =\ S R g
late diastolic velocity of mitral inflow (Am) TasnguiiguyTLazngu liguyss wiiu 6.2
WaY 5.6 13./AWH AINRIAL AINUAIAINIANGINTEII19ARINgH (delta) Ae 0.6 FH./AUT

2.’/ 1 I A % N 1 [ % L 1 o
LL@%%GZ@@QHQNﬁﬂ’\LlJEI\‘lL‘U‘L!SJ’WIﬁ"]ﬁ’Iu (standard deviation; SD) (W10 1 NTUUAANIBIUIA

5o [ g 4 ' ::J A
nsnagall (power of test) 1irfiu 0.80 B iy 0.2 AaniauIUNguET LiguYWuAz

£ 9

NANAGLUYE NGUAT 44 A IINTINUA 88 AL UARIGATALINY A1)

2[Za + Zg]?c?
2

N = e
(ng — pz)?

_ 2[1.96 + 0.84]%(1)?
I 0.62

n = 22.8)°= 435 ~ 44 AU

-0.36
waaldlusunsn R lunnsanuans azldmail
> power.t.test(n = NULL,delta = 0.6,sd = 1,sig.level = 0.05, power = 0.8,type =

“two.sample”,alternative = "two.sided")

N = 445
Delta = 06
Sd = 1
Sig.level = 0.05
Power = 08
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Alternative = two.sided

NOTE: n is number in *each” group

nFasiafldluns3de

1. wuwivdays uarluduganidnioneidae

2. inammarialadaenfudasszfiaunanaiigeiu vivid T8 Wansea 3Sc 15
general electric healthcare (GE) Ussinalgasii

3. wnsdananusulafinuuuRanes

4, aastainuiinuuRAnes

5. Tindaugs

' C o [ = @ = ' X ¥
MW 14 LAAILATAINTIANA bR ARULRRNRENAUANNDFIZU vivid T8 (118)
#3am399 3Sc (191)

tumaunsiiusiusandaya

1. mu‘i@”ﬂﬁﬁ’mmﬁm@mqnﬂm:n@mmm"mmﬁumﬁf%’ﬂluméwﬁ NWIANEAE
113037 1817 COA No.486/2017 IRB No.0567/60

2. Uszanduiugendsdt lnagansinsaniiaanisaneiuiaduaduganinaius

98NN warAUaLianay akneuszin aandaiunlan

1 oo (4

3. Twadsnaazidanfatatawnangtadasiaulaidnsanulfanssdnuseds

WatlssfiugauaniiBonunaeinisdnduazdnean ananadasiianandRnianosingg

9
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APLILLaTARD AN %gnuwmﬂiumqaumsmqwq%mﬂﬂ@m%ﬂmxmuﬂfmmqa
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o 1 . o ) ] U ¢=]
vialaag ludaain ANLMUIRAZANANTRINWIUTAY 100-120 WX, ATNATNIATFIUN
. X
NIRRT

wilannssziivaanily Usuilunsiusawaznisaanesagasiola

= o‘ej o < o o )
AR Ussiun1stufara9ia la ”me

—_—

IVSd (interventricular septum thickness at end diastole)
LVIDd (left ventricular internal diameter end diastole)
LVPWd (left ventricular posterior wall end diastole)

IVSs (interventricular septum thickness at end systole)
LVIDd (left ventricular internal dimension at end diastole)
LVIDs (left ventricular internal dimension at end systole)
LVPWs (left ventricular posterior wall end systole)

LVEF (left ventricular ejection fraction)

© ® N o o~ 0 N

FS (fractional shortening)

10. S’ (peak systolic annular velocity as determined by pulsed wave Doppler)
ysfmesTisudunisnaneavaciala ldun

1. E/A (ratio of E to A dimensionless)

A (peak velocity of late transmitral flow)

E (peak velocity of early diastolic transmitral flow)

> W N

DT (deceleration time of early diastolic transmitral flow)

5. e' septal (peak velocity of early diastolic mitral annular motion as determined
by pulsed wave Doppler)

6. E/e' (ratio of E to E' dimensionless)

7. A’ (peak velocity of late diastole during atrial contraction as determined by
pulsed wave Doppler)

wananiifnisUsufiuntsiufaressioladoeddaniiaunsniia dag AF
(automated functional imaging by 2D speckle tracking) I&un global longitudinal strain
(GLS) ﬁ apical 3 chamber, apical 4 chamber &g apical 2 chamber view

#81989M1 American Society of Echocardiography Way European Heart Journal

(7-8, 13)
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gadeliidr funslnUfdAinAnain sasaansnansd uneunndasing
QI o o o =y Q o h73 % 9 ‘d
genualiasey angaunndlsatialalunislsndunisinnuaasialadaanimmsaaialaseenqy
n‘ o L) ey a o o
Aeeszfiauaanudganazinninllddinsgdifaedgaudnifawnsnie 3sanaaauniny
indefalumsinnnsfisesaasfise (intra observer reliability) Tnatlszfiuntsfinauaes
o/ o/ c!ni [l a o/ i v 4 o
WalagasagnainsganinantwnusinisAansasiiiony aauaw 10 A deziliunig
#19147899%2 19189071218 TATANAT 3 ATI LATHIANNITITABSIG 3 ASINIMIANLRAE
s 3 [ % ¢ 9 = £ prg o o
nsiiunwinsiuninazattatias 30 w7 atanasdrsynanazldiunissuifiunisineu
o 9 d’ 9 c:l ] = ot o = e oy By
sasialafogndindesiiaunanadguazinnmandnssisoeisa nifawnsnie aely
97 1 ol/ dl = A - € Azi d’ [ ar 44
LEAZNANBENIN 24 Talug L HANANLALNNITIRAANLANFNIINEatanUNFId Ae B ag
gaagnnulutanie i WEnnaia1sunludrenase (fluid status) LHusY wasnagaauaAIny
] di' =4 [ & o Qe o Dci <4 I'd ¢
Wnaana b linestasiistinautesdidaaniny A sa9Aans1anst wiaunnd

Farins Bemualiasey angsunndlsasiala (inter observer reliability)

N5AATITRTANA

al

doyafiiludayasieiiiag (continuous data) wazinisuanwasnd wansuaiily

a4

AaderdaudeuutingIg1u (mean £ SD) nadidayaiinnsuanuaslalingd wansuadlu

1 as

Asise gruLiideszudnenaalnd (median + interquartile) nagaunisuanuasrasdagyadas
=y . N 1} ] dl 1 ) o ] ] d‘ &
AR shapiro-wilk test NAABLANNUANANITAIANLRAEIENININGNAYBENsARINg LTl
Basvannfiusaeads ttest §mfudayaiiannininiisaiiangy (categories data) wamaiily

9 ] Iy g o <4 1 )
5REAY LATNAGALAINNLANGNYA9E chi-squared test NN#1A p value < 0.05 DAIANANY
o ] = o 0 Y oy 1 dll =4 ar 97 d. 9
fuaesiitedAynn9atin uarnagauaidatevasnimsaatialagaaafudasdsfan

AYNDgeAaTalia intraclass correlation coefficient TneldTisunsn SPSS version 17.0
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Waladouanudesasiiauaainig
o % £ J 9 a Y o 9s o b e e
4. nenenaasialaiasatedialunisiiufqdssiiugaanisnsaana lasqeds

avdninaunsnng

] <} (] % =5 -y o Q2 9 =Y
d9ufl 1 ManadauaNUdatauainisdssiiunigyinauaesialanisdszsiiu
@/ e - o Qi QS Q& Qs =] Qs 2
penazdtailninaunINNIIaLeIae LL@%I?J"JQEIWIEHJHUQL%%I’J“IVIQJU
25 a4 9 O b n“ < = o as v 1 9
Adelavnnisnasavaauindeianisdssiiunismiausasialaiacansdne
amuzalananasia wazdaladiusafanntsnsaaiclasaannmdasasfiaunanunge uay
© o 2 d‘ 2 A =y oy e e =
WnnaInnsnsaatialasagafudesarviaunanungandmeeisesdaailniiaunsnig
Tungusiadiedanuan 10 aw Wi Bme fdsuifiugaanisnsaaialasaanfmdesasfiau
dl Hy 3 o % 7 ¥ kg 4
paHDge Mk nastsadiuaaunuazauintialatiesansdne Usenaumag ANmLITY
aifaruinlafiasansausialananafanasiuia (interventricular septum thickness at end
diastole; IVSd, interventricular septum thickness at end systole; 1VSs) AN NNUNUB IR
9 sqﬂj o/ ¥ (% s o =f o , .
nanuidaialadnuuasanizialananafauaziuma (left ventricular posterior wall end
diastole; LVPWd, left ventricular posterior wall end systole; LVPWs) Wazaunaia latiasans

dganzsinalananadawayiiufa (left ventricular internal diameter end diastole: LVIDd, left

ventricular internal dimension at end systole; LVIDs) n1sdsziiunisnnanuaassialafies
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anadnel Usznaufas left ventricular ejection fraction (LVEF) fractional shortening (FS) left
ventricular end diastolic dimension (LVEDV) ua¥ left ventricular end systolic dimension
(LVESV) n1sdsziinnisaanasqaesialaiasanednalsenausiae peak velocity of late
transmitral flow (A) peak velocity of early diastolic transmitral flow (E) ratio of E to A
dimensionless (E/A) deceleration time of early diastolic transmitral flow (DT) peak velocity
of early diastolic mitral annular motion as determined by pulsed wave Doppler (e' septal),
ratio of E to e' dimensionless (E/e') peak velocity of late diastole during atrial contraction
as determined by pulsed wave Doppler (A’) peak systolic annular velocity as determined
by pulsed wave Doppler (S') wananilevifiuaanuaanadastemalinasnldannnis
Aaeisedaaidniiaunsniie Usenaumae automated functional imaging by 2
dimension speckle tracking (AFI) 1w apical 2 chamber apical 3 chamber Wa¥ apical 4
chamber view NagauaNtndeiaaesnssnfiunisinanusesialalagnisinmzing
N1940mAAE Intraclass correlation coefficient (ICC) ;ﬁ%mmﬂummﬂ’ﬁ@ﬁﬂiumﬁm
W19 asaaagaan intra observer reliability Ingilsziiunisinanutasialazasananasing
zgmmwﬁﬁ'N"rmnmovfnwﬁmnsmﬁméfu $1uan 10 A S 3 AFs melunantenndn 24
F2lu4 szazsarasafunm et mazatnatian 30 i wazimns e 3 A
AT NADH

ANAN3IE 4 NUFA HANTIMARRLANNINT RIS RN I TRl
lumsinmaflinefiesdiselumssuiufanadui sz faupanuiguazaninfawmsnia
&ur nnstludaesiila Uszneudas VS LVIDA LVPWA IVSs LVIDs LVPWs EF FS lng
LVEDV LVESV EF 9man apical 4 chamber apical 2 chamber W& biplane hay S' N9
Aa1efaasfiala Usznaudiag E/A E wave velocity A wave velocity DT e' E/e’ wazainina
unanne 1 apical 3 chamber, apical 2 chamber Waz apical 4 chamber view (AFl A3C ,

AFI A4C , AFI A2C, AFI Mean) §iAn ICC agfludas 0.755-0.969 fiszatiAiaaaidai 95%
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as a as a =) =)
Tumsinnisfmasuasgraelunislssiiunisafudasasiiauanungs

wazdaLnnaLnaNng

Intraclass correlation

95% confidence interval

ATNITAIDT
coefficient (ICC) Lower bound Upper bound
Mitral inflow velocity/
Mitral annulus velocity
E/A 0.946 0.842 0.985
E wave velocity 0.962 0.888 0.990
A wave velocity 0.908 0.731 0.975
DT 0.969 0.909 0.992
e' septal 0.864 0.602 0.963
E/e’ 0.814 0.456 0.950
A 0.864 0.602 0.963
S 0.789 0.381 0.943
Teichholz method
IVSd 0.839 0.527 0.956
LviDd 0.824 0.483 0.952
LVPWd 0.838 0.525 0.956
IVSs 0.816 0.460 0.950
LVIDs 0.909 0.734 0.975
LVPWSs 0.755 0.283 0.934
LVEF 0.830 0.502 0.954
FS 0.820 0.472 0.951
Simpson's method
LVEDV A4C 0.884 0.659 0.969
LVESV A4C 0.880 0.649 0.968
EF A4C 0.822 0.478 0.952
LVEDV A2C 0.845 0.547 0.958
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AN94 4 (Aa)

' - . Intraclass correlation 95% confidence interval
ATNITIULART
coefficient (ICC) Lower bound Upper bound
LVESV A2C 0.838 0.527 0.956
EF A2C 0.806 0.432 0.948
LVEDV BP 0.822 0.477 0.952
LVESV BP 0.924 0.777 0.979
EF BP 0.912 0.743 0.976
Speckle Tracking

AFI A3C 0.898 0.701 0.972
AFI A4C 0.909 0.733 0.975
AFI A2C 0.837 0.521 0.956
AFI Mean 0.919 0.768 0.978

NNELAB: A4C (Apical 4 chamber view), A2C (apical 2 chamber view),

BP (Biplane Simpson's method)

ANAN3S 5 WG HansTAdaLIANITdeEaresn s fiunnstnsuaeiala
lumsiamiveftesfisufiautud@aodin lunsdsadiudaaniwdasazfounanad
g9 uazardnifauwnsnia lawn nastiudarassiala Usenaudan IVSd LVIDD LVPWA 1VSs
LVIDs LVPWs EF FS Tmﬂ‘ﬁ LVEDV LVESV EF 9aa1n apical 4 chamber apical 2 chamber
Wa biplane waz ' nNsaaEATRIRala Usenausag E/A E wave velocity A wave velocity
DT e' E/e’ uazarniiaunsnng b apical 3 chamber, apical 2 chamber Wa% apical 4
chamber view (AFI A3C , AFl A4C , AFl A2C, AFl Mean) 1lsz1l% inter observer reliability
AanABLAIEARR intraclass correlation coefficient H1An 1CC agj L1199 0.750-0.975 flsvd

ANANLTALTIS 95%
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n=10
. - . Intraclass correlation -
ATNNTHLABT oo BETUNNE
coefficient (ICC) ADLY
b Tspiiala
Mitral inflow velocity/
Mitral annulus velocity
E/A 0.924 1.80+0.66 1.72+0.50
E wave velocity 0.958 0.79+0.14 0.75+0.14
A wave velocity 0.904 0.48£0.12 0.45+0.09
DT 0.919 178.40£32.42 189.10+£39.15
E' septal 0.975 0.12+0.02 0.11£0.02
E/e' 0.858 6.76+1.15 6.74+1.06
A 0.908 0.07+0.01 0.06+0.01
S 0.750 0.09£0.01 0.08+0.01
Teichholz method
IVSd 0.755 8.70+0.82 8.80+1.54
LVIDd 0.959 45.50+3.06 46.20+3.22
LVPWd 0.902 8.90+1.79 8.80+2.69
[VSs 0.793 12.10+0.56 11.70+0.67
LVIDs 0.906 29.40+2.54 29.60x2.22
LVPWs 0.969 15.00+2.30 15.30+2.45
LVEF 0.838 65.10£2.55 65.40+2.50
FS 0.894 35.60+2.17 35.90+1.85
Simpson's method
LVEDV A4C 0.950 64.30+8.60 68.10+8.59
LVESV A4C 0.888 25.20+4.39 29.50+5.08
EF A4C 0.902 63.3014.00 62.80+3.61
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A15149 5 (A|)

n=10
. - . Intraclass correlation -
ATNITINLADT — AVEITRNNES
coefficient (ICC) ALl .
Tsariala

LVEDV A2C 0.811 70.40+8.20 71.806.71

LVESV A2C 0.786 26.40+3.37 26.80+4.29

EF A2C 0.758 63.10£1.79 62.80+2.25

LVEDV BP 0.897 71.90£6.36 70.70+£8.55

LVESV BP 0.807 26.60+3.63 29.70+5.12

EF BP 0.882 63.20+3.39 60.90+4.25

Speckle Tracking

AFI A3C 0.962 20.41+1.68 19.86+1.83

AFI A4C 0.924 18.63+1.62 18.70£2.29

AFI A2C 0.874 20.95+1.04 19.84+1.13

AFI Mean 0.955 19.69+1.03 19.46+1.29
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. i nalaiguyms nAugLLA
AYRNUFIU p-value
(n=44) (n=44)

LWA

48l (%) 32 (72.7) 39 (88.6)

YN (%) 12 (27.3) 5 (11.4)
ang) () 36.7£12.5 31.1£13.9 0.05
sl (Rlans) 62.9+11.4 62.6£13.4 0.88
#2%g9 (IuRung) 161.3+8.1 168.5£7.3 <0.001
ATNAWEA AN 115.3£15.8 116.9£12.8 0.60
(3. 1san)
aumulaaalndn 75.1£10.2 72.5+10.0 0.22
(nu.1lsan)
ertiuaanag (nn./a.%) 24.3+3.4 22.1%3.9 <0.01
aRsNFAULasEala 76.5+11.9 75.5+11.5 0.70
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syazianINTegUyYs () - 4.0£2.0 -
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nraunastiudaaaeiala (LV systolic function) waznisaanesiatasiala (LV diastolic
function) Musnudseililsvifiuntsfiudagasiala A Teichholz method way modified

Simpson's method #usunnsUszifiunnsaaafarestialafaeds mitral inflow velocity e
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pulsed wave Doppler (PW Doppler) Wae mitral annulus velocity el tissue Doppler
imaging (TDI) nsuilanagnedeannn American Society of Echocardiography
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Ve

o ' 1 o ] o O ot o e A
wazdiusa (LVIDd, LVIDs) ldumnsinsruatneddadAtynieaia Tuansinguiguys
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apl_

LVEF 65.6+6.6 % W&y FS 36.1¢5.1 % Usufiudiag Teichholz method uazngaitlalguyviadl

=
i
=

LVEF 69.2+7.4 % Uay FS 39.46.5 % RINGAL Tanquiiguyviaian LVEF way FS faanda
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3 aj 1 ‘J 3 o O o oy ]
nquillguiydatnediad Ay neading p < 0.05 (1w 17) nanasdsnliunisaanasiazes

L.
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J 1=

Haladaeiad mitral inflow velocity Wa% mitral annulus velocity #L9INGURGUYMELASNGNT

9 kY Kl 9
1

NAULIBAAT A’ 1T 6.441.3 WAL 7.2+1.3 cm/s ATNASU WaT E/e’ 1infY 7.11.9 ua

a 9

{ 1 i | 1 1 ¢ Y 1 cj 1 o 0 o oA
8.142.4 Genguilguyviaiian A way Ele’ faendlunquiliguyvisedneiiadrAnnieatis
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‘*711 p < 0.05 ("N 18)
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s | a o 1 =ly =
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WaTgUYYS
. N nquliguips  nguguyi
ANNNULART p-value
(n=44) (n=44)
Mitral inflow velocity uag Mitral
annulus velocity
E/A 1.5+0.5 1.6+0.4 0.13
E wave velocity (cm/s) 70.9+12.8 70.4+10.8 0.84
A wave velocity (cm/s) 50.7+12.3 46.0+11.3 0.06
DT (ms) 201.9£30.8 205.4£32.3 0.61
e' septal (cm/s) 0.7+2.6 10.5+2.2 0.03
E/e’ 8.1+2.4 7.1£1.9 0.01
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, . nqulalguipi  nguguyyi
ATNIIHLART p-value
(n=44) (n=44)
A’ (cm/s) 7.2£1.3 6.4+1.3 <0.01
S’ (cm/s) 7.911.5 7.9£1.3 0.99
Teichholz method
IVSd (mm) 8.3+2.1 8.4+1.9 0.83
LVIDd (mm) 46.6+5.1 45.9£3.9 0.51
LVPWd (mm) 9.0x2.2 8.9+1.8 0.74
IVSs (mm) 11.3£2.2 11.0£2.4 0.63
LVIDs (mm) 28.3£3.9 29.3£3.5 0.18
LVPWs (mm) 16.913.5 15.925.1 0.28
LVEF(%) 69.2+7.4 65.6£6.6 0.01
FS (%) 39.416.5 36.15.1 <0.01
Simpson's method
LVEDV A4C (mi) 61.8+18.2 59.9+14.9 0.59
LVESV A4C (ml) 23.549.3 22.7+7.5 0.65
EF A4C (%) 62.5+6.9 62.7£6.6 0.89
LVEDV A2C (ml) 61.7£16.8 60.2+£14.9 0.65
LVESY A2C (ml) 22.8+8.8 22.616.9 0.92
EF A2C (%) 63.8+7.3 60.6+£13.3 0.61
LVEDV BP (ml) 63.9+16.6 60.6+£13.3 0.32
LVESV BP (mi) 24.2+8.5 23.317.6 0.93

EF BP (%) 62.846.2 62.1+5.9 0.62
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A9ufl 4 ArwnsaRinaduasalniiaunania (Absolute values of GLS) Taein1gmaaa
naeARuLREsaziauANdgs lunguithiguyviuazguyva
nsdszifiudilnifaunsniasiaedd AFI (automated functional imaging) Uszidis
global longitudinal strain (GLS) 1w apical 3 chamber, apical 2 chamber Wa% apical 4
chamber view wanspLily absolute values of GLS wudmzﬁuﬁ@uqﬁﬁﬁh AFI A2C AFI
A3C uag AFl A4C view N 18.8+2.8 18.2£2.9 UaY 19.5£2.1 % ATNAAU n@;m"‘ilﬁgu
qu‘%‘ﬁm’q AFI A2C AFI A3C uag AFl A4C view Winfiu 19.242.2 19.441.8 uaz 19.8+1.8 %
AR danguiiguyvEsien AFI AAC flasndanguitllguyvizedneiiidadfynnaadai
p < 0.05 WANLIN AFl A2C AFI A3C uag AFI Mean m@q%\mmn@;mimmnwi'mﬁum;i'mﬁ

WHANATYNI9ADRA AIAN979 8

A19149 8 WARIAINNTITtAaduasdLLlnIAaRNTNAY (Absolute values of GLS)

=l < - N < <)
Inansnsramizprdudsasiauanangs Tungunliguyvsussguyws

9

N W neu llguyws NGNGLLYE
ATNITINBIDT p-value
(n=44) (n=44)
Speckle Tracking

AF1 A3C (%) 19.2+2.2 18.8+2.8 0.42

AFl A4C (%) 19.4+1.8 18.2+2.9 0.02

AFlI A2C (%) 19.8+1.8 19.5+2.1 0.92
19.5+1.5 18.942.1 0.18

AFt Mean (%)
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