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. Chronic
endothelial
"injury":

* Hyperlipidemia
* Hypertension

* Smoking

« Homocysteine
* Hemodynamic factors

« Toxins e
Viisse Response to injury
* Immune reactions

2-Endothelial Dysfunction

2. Endothelial dysfunction
(e.g., increased permeability,
leukocyte adhesion)
Monocyte adhesion
and emigration,

3-intiation of fatty streak

3. Smooth muscle
emigration from media
tointima. Macrophage
activation.

4-Fatty Streak

Fatty streak

f1. Macrophages and\\'
smooth muscle cells

engulf lipid

5-Fibrofatty Atheroma

5. Smooth muscle
proliferation, collagen

and other ECM Lipi
deposition, extracellular debris
lipid

Lymphocyte  Collagen
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Non-atherosclerotic causes of myocardial infarction
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Infective endocardltls

Neoplasms
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Arterltls
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Polyartertis nodosa
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Kawasaki disease
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Prothrombotic states

P0|ycythaem|avera
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Disseminated mtravascularcoagulatlon S
Thr'Ombocytos|s
Thrﬂmbocytopen]c purpura
Other

Takotsubo cardlomyopathy, severe AS prolonged hypotensmn
thyrotoxicosis, carbon monoxide poisoning, chest trauma, mediastinal
radiation, spontaneous coronary dissection, cocaine abuse

ESC/ACCF/AHA/WHF Expert Consensus Document. Third Universal Definition
of Myocardial Infarction. European Heart Journal 2012,33,2551-2567.
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acceleration during isovolumic contraction, AT - acceleration time, FT -
filling time, IVCT - isovolumic contraction time, ET - ejection time,
IVRT - isovolumic relaxation time, St - systolic time, Dt- diastolic time,
MPI - myocardial performance index or Tei index, EMT - atrial
electromechanical conduction time.
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L& de ganay sl Ao gana (m dudayal) Balgmad) 43jlaa (2-4) Jyaad

sazal) YR
P |Percent] N. Percent N.

0.929 | %53.8 57 %54.4 43 HTN

0.251 | %52.8 56 %44.3 35 DM

0.834 | %66 70 %64.6 51 Smoking

0.786 | %23.6 25 %25.3 20 Family History

0.458 | %43.4 46 %38 30 Dyslipidemia

0.346 | %33 35 %26.6 21 Hypercholesterolaemia

0.814 | %35.8 38 %34.2 27 Hypertriglyceridemia
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Dyslipidemia
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Loy 2aLil) e gana & ST LIS ool Blle Gl agoal (pdll ia el dpuss 0
S il L o L) elgus adll s b llaal agual ) (o yall Ao
i AL S ol S el Ao gana (8 S S AN apailly
Aflias) daeal (i sanal

t LAY ASpanay el s pana (o (o0l QY o< culuald A5 )lEa 5

LAY A ganay pidasall ds gana (pu ¢ lEal) Bl oSy) cululd 45 e (2-5) Jyad

sl aa L)

P Std.D | Mean Std. D Mean
0.015 4.8 56.9 6.4 58.9 LVEF%
0.036 | 0.033 0.966 0.037 0.955 IVSD m)
0.294 | 0.376 4.961 0.394 4.901 LVId ¢m)
0.177 | 0.056 0.927 0.064 0.915 LVPWA ¢m)
0.138 0.34 3.74 0.29 3.67 LA diameter m
0.731 3.32 28.39 3.05 28.55 LA volume (mumZ)
0.001 7.72 73.23 7.37 77.72 E (i)
0.001>| 8.94 72.06 8.76 65.92 A (cmis)
0.001> | 0.13 1.03 0.13 1.19 E/A
0.023 | 15.14 198.89 14.45 203.98 DT (ms)
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azal) YR

P Std. D Mean Std. D Mean
0.001> | 0.75 8.22 0.467 8.66 S" (cmis)
0.001> | 0.54 9.67 0.55 10.51 €' (emis)
0.4916 | 0.59 8.99 0.42 8.95 a' cmis)
0.041 0.65 7.57 0.54 7.39 E/e’
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V) & alil aleall Giliys 3550 e Glpall alaal) deyudl duu)
b ST (ol dalad dalalidy) Ay ZaVshal) cilejudl (533 dane ) SU
Efe' dla 3 dilas) 4l 5,8l € 81 ¢ el de sans
taag Obd Alal die ('S) ad 45,8 .7

Ay Oyl Lla) 2is (') ad dijla (2-7) Jsaad)

Ry (50)1 el | (50)1 salay
) P Std. D | Mean | Std. D | Mean
%4.9- | 0.003 0.64 7.64 0.65 8.03 Septal s ¢
%2.0- | 0.064 0.57 10.49 0.55 10.70 Lateral s' s
%0.2 | 0.826 | 0.49 8.78 0.46 8.76 Inferior s' (s
%6.9—- | 0.001> | 0.49 8.63 0.52 9.28 Anterior s' (cm/s)
%5.0 | 0.001>| 0.55 | 10.06 | 0.52 9.58 Posterior s" s
%7.7- 1 0.001> | 0.30 5.28 0.32 5.72  |Anteroseptal s s
%2.3- | 0.04 0.47 8.48 0.47 8.68 Global s' ¢mys)
H (50)1 a4
@ (50)1 Ll Global s'
Anteroseptal s'
Posterior s'
Anterior s'
Inferior s'
Lateral s'
Septal s'
12 10 8 6 4 2 0
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OLS Janallyy cclalany) by 4 jroal (S Laty o alal) dalad Zalally 4l )

cny Ol 8 la) aeal Al o yall A sena b Lilias) s Gliss raal

taag Ol Llal die ('e) ab 43la .8

aag Ol dla) dis ('e) ab AilEa (2-8) Jgaad)

s (50)1 2 (50)1 aaLa
) P Std. D | Mean | Std. D | Mean
%2.9- | 0.007 | 0.23 4.31 0.24 4.44 Septal €' (i)
%5.5- 1 0.001>| 0.78 | 14.21 | 0.81 | 15.04 Lateral &' cnys
%3.8- 1 0.001>| 0.61 | 12.16 | 0.60 | 12.64 Inferior ' cmys)
%13.7-10.001> | 0.67 | 11.25 | 0.75 | 13.04 | Anterior €' cms)
%3.6- | 0.001>| 0.69 | 12.85 | 0.69 | 13.33 | Posterior €' cms)
%17.2- 0.001>| 024 | 3.82 | 030 | 461 | ~nteroseptale
(cm/s)
%7.1- | 0.001> | 0.53 9.77 0.56 | 10.52 Global " s
B (50)1 <)
Global €'
@(50)1 Ll
Anteroseptal e'

Posterior e'

Anterior e'

Inferior e'

Lateral e'

Septal €'
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23 Ol dlal i ('a) ad A5a (2-9) Jsaad)

A (50)1 o2 (50)1 aaLid)
) P Std. D | Mean | Std. D | Mean
%8.0 | 0.001>| 0.50 8.70 0.46 8.05 Septal @' (¢
%8.0 | 0.001> | 0.45 7.37 0.41 6.82 Lateral a" (s
%8.2 | 0.001>| 0.48 8.74 0.42 8.08 Inferior @' (cms)
%6.8 | 0.001>| 0.39 7.23 0.35 6.77 Anterior a' ¢mys)
%6.0 | 0.001>| 0.57 | 10.43 | 0.53 9.84 Posterior a' cmys)
%0.5- | 0721 | 1.05 | 14.15 | 0.96 | 14.23 A”terosff’ta'a
(cm/s
%5.3 | 0.001>| 0.46 9.44 0.41 8.96 Global a" ¢mys)
Global a'
Anteroseptal a'
Posterior a'
Anterior a'
Inferior a'
H (50)1 a0 Lateral a'
[@(50)1 ala
Septal a'
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Lilaa) ala )lins ampall degene ST OIS Janallys cdylaal

: cpilpd i)t ('S) b A 10

Gl dla) sie ('5) p Ailha (2-10) Jsaa
e (31)2 pand) | (31)2 aala

il P Std. D | Mean | Std. D | Mean
%6.5- | 0.001 | 0.60 7.62 0.65 8.15 Septal s' ¢
%25.6-| 0.001> | 0.45 8.06 0.55 | 10.83 Lateral s cms)
%10.3-{ 0.001> | 0.43 | 7.92 | 050 | 8.83 Inferior s' s
%23.5-10.001>| 040 | 7.19 | 0.53 | 9.39 | Anteriors’ ¢y
%7.7- 10.001>| 0.49 | 894 | 0.53 | 9.69 | Posterior s cms)
%12.2-|0.001> | 0.28 5.10 0.33 5.81 |Anteroseptal s' cmys)
%14.9-| 0.001> | 0.41 7.47 0.48 8.78 Global s" ¢mys)

(31)2 (ol
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: il Alua) 2is ('e) af A5la 11

Gl ALl sie ('€) af Alie (2-11) Jyaal

Ao (B1)2 sl | (31)2 aalad
) P Std. D | Mean | Std. D | Mean
%8.9 |0.001>| 0.28 4.89 0.24 4.49 Septal €' ¢mys)
%7.8- 1 0.001>| 0.82 | 14.11 | 0.78 | 15.30 Lateral €' ¢
%7.3-10.001>| 0.64 | 11.85 | 0.57 | 12.79 Inferior ' cmys)
%17.3-0.001> | 0.70 | 10.96 | 0.71 | 13.25 | Anterior €' cms)
%7.1- 1 0.001>| 0.72 | 12.56 | 0.65 | 13.52 | Posterior €' cms)
%24.0- 0.001> | 0.23 | 3.57 | 030 | 4.69 A”ter;’:if’ta' ¢
%9.5- | 0.001> | 0.56 9.66 0.54 | 10.67 Global e (¢
ﬂ(31)|2 uazudl\
[ (31)2 Lal Global e'

Anteroseptal e

Posterior e'

Anterior e'

Inferior e'

Lateral e'

Septal e'
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O 2l dalad dglaal) Aalil) e dawsie o) LD (2-11) Jsaad) o
Sl el QIS L 0ailiys (8 Blaa) pgaal (el Ao gena 8 S
Lilan) Ll gic ganall G @il OS5 ¢yl OIS Jaaallyy cclgal)

: il Ll die (') b Adjlia.12

il Alua) i ('a) o Aijlia (2-12) Jgaad
Ao (B1)2 Ll | (31)2 salay

il P Std. D | Mean | Std. D | Mean
%6.7- | 0.001>| 047 | 7.65 | 045 | 8.20 Septal a' s
%5.8- 1 0.001> | 0.43 6.54 0.39 6.94 Lateral @' cms)
%7.0- | 0.001> | 0.41 7.60 0.44 8.17 Inferior @' cms)
%6.7- | 0.001> | 0.37 | 6.41 | 0.33 | 6.87 | Anteriora' cms

%1.6— | 0.248 | 0.55 9.82 0.54 9.98 | Posterior a' cms)
Anteroseptal a'

(cm/s)

%5.7- 1 0.001> | 0.40 8.53 0.43 9.04 Global a" ¢mys)

%6.6—- | 0.001>| 0.80 | 13.16 | 0.89 | 14.09

Global a'

Anteroseptal a

Posterior a'

Anterior a'

Inferior a'
B (31)2 el Lateral a'
[@(31)2 walal

Septal a'
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Gl A3 sl e ('S) pd A3la (2-13) Jsaal)
s (25) o) | (25)3 L)

) P Std. D | Mean | Std. D | Mean
%10.2-10.001>| 047 | 7.07 | 0.64 7.88 Septal s' ¢
%28.8—| 0.001> | 0.38 7.54 0.61 | 10.59 Lateral s* cms)
%4.5- | 0.011 | 0.51 8.31 0.55 8.70 Inferior s (cmss)
%25.2-10.001> | 0.34 6.87 | 0.55 | 9.17 Anterior s’ cmys)
%15.3-| 0.001> | 0.38 8.02 0.55 | 9.47 Posterior s s
%9.9- | 0.001> | 0.24 5.12 0.34 5.68 |Anteroseptal s' cmys)
%16.6—| 0.001> | 0.35 7.16 0.51 8.58 Global s’ ¢mys)

H(25) 3 ol

Global s'

Anteroseptal s'

c Posterior s'

Anterior s'

[@(25)3 @il

Inferior s’

Lateral s'

Septal s'
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O Al LS o alill dals Gl aaen A Gulyd A 8 Dbl agaa] bl
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ol A ) 35 (') ad ijlie .14

Gl A L) dic (') asb Ajl8a (2-14) Jgaal)
Lol (25) arall (25)3 aLad)

il P Std. D | Mean | Std. D | Mean
%4.5- | 0.004 | 0.20 4.20 0.25 4.39 Septal €' (i)
%7.9- 1 0.001>| 0.70 | 13.80 | 0.87 | 14.98 Lateral &' cnys
%9.6- | 0.001>| 0.57 | 11.31 | 0.68 | 12.51 Inferior ' cmys)
%7.3-10.001>| 0.67 | 12.02 | 0.81 | 12.96 | Anterior €' cms)

%13.5-10.001> | 0.59 | 11.46 | 0.75 | 13.25 | Posterior €' cmys)
Anteroseptal e

(cm/s)

%9.2- 10.001> | 0.49 9.48 0.61 | 10.45 Global " s

H(25) 3 gl

%10.6—| 0.001> | 0.23 4.09 0.31 4.58

@(25)3 aLa Global e'

Anteroseptal e

Posterior e'

Anterior e'

Inferior e'

Lateral e'

Septal €'
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ol A0 ) 30 ('0) b AlRa 15

Ol A5 Ayla) die ("R) agd 435l (2-15) Jgaad

dops (25) (sl (25)3 sl

il P Std. D | Mean | Std. D | Mean
%1.9- | 0.224 | 0.41 7.88 0.48 8.03 Septal a' s
%1.9- | 0.253 | 0.37 6.66 0.43 6.79 Lateral @' cms)
%1.7- | 0.273 | 0.39 7.85 0.47 7.98 Inferior @' cms)
%1.6- | 0.291 | 0.34 6.62 0.38 6.73 Anterior a' cmys)
%1.9- | 0.227 | 0.47 9.58 0.57 9.77 | Posterior a' cms)
%0.8- | 0.592 | 0.69 | 13.67 | 0.76 | 13.78 A”teri’zif’ta' a
%1.6- | 0.248 | 0.38 8.71 0.45 8.85 Global a" ¢mys)
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Anterior a'
Inferior a'
w p’ ‘
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Ll Cubpdd) 23 Guuny ('S) a st 45Ea (2-16) Jsaal
ol A Ala) | oilpd dlal | sl Al

P | %yl P | %usdl| P | %sil
0.001> |%10.2—| 0.001 | %6.5- | 0.003 | %4.9— | Septal ' ey
0.001> | %28.8—| 0.001> | %25.6—| 0.064 | %2.0—- | Lateral s' cms
0.011 | %4.5- | 0.001> |%10.3—| 0.826 | %0.2 Inferior s' cmss)
0.001> | %25.2—| 0.001> | %23.5-| 0.001> | %6.9—- | Anterior s cmys
0.001> | %15.3—| 0.001> | %7.7- | 0.001> | %5.0 | Posterior s cms)

0.001> | %9.9- | 0.001> | %12.2—| 0.001> | %7.7—- |Anteroseptal ' s
0.001> | %16.6—| 0.001> |%14.9—| 0.040 | %2.3- Global s" ¢mys)

Anteroseptal s'
Posterior s'
Anterior s'
Inferior s'
Lateral s'
Septal s'

10 (I) -10 -20 -30 -40

Ol A5 Ll B Ol s A B O Alal

Alaall Cldl) 238 Guny ('S) ad s A5)Ea (2-16) kbl



aae salyy HAS) (asdi) 88! and da g of sl (2-16) Jsaall e
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Llaal) Gulypdd) ade Gy ('8) e,,é d A5)l8a (2—17) Jeaad)

O A5 Ayl | iy dlual) Sl Lla)
P Yo _juaiil) P %o il P Yo a2l
0.004 | %4.5- [ 0.001> | %8.9 | 0.007 | %2.9- Septal €' ¢mys)
0.001> | %7.9- | 0.001> | %7.8- | 0.001> | %5.5— Lateral €' ¢
0.001> | %9.6— [ 0.001> | %7.3- | 0.001> | %3.8- Inferior €' cms)
0.001> | %7.3- [ 0.001> |%17.3—| 0.001> |%13.7-|  Anterior €' cms)
0.001> |%13.5-| 0.001> | %7.1- | 0.001> | %3.6— | Posterior €' cms)
0.001> |%10.6—| 0.001> | %24.0-| 0.001> |%17.2—| Anteroseptal ' cnys
0.001> | %9.2- | 0.001> | %9.5- | 0.001> | %7.1- Global e (¢
Anteroseptal e' |
Posterior e'
Anterior e'
Inferior e'
Lateral e'
Septal €'
20 10 0 -10 -20 -30
W Ol A dla) A Ol dla) W Obd el
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o Lla) d5aa g die aidll 8 €' ad daugie of 2aad (2-17) Jsaall G
Aoy paliail) OlS Lay ol (& dla) amp v ST Caadilly am gyl
o A0 ) die Jeaall 8 8

:a.,ﬂ.m.d\ Cmbpdd) dae Gy ('a) e.-,\.é gr :\.JJG.A 18

dLlaal) ulydd) 3e cany (‘a) ﬁg S A58 (2-18) Jyaad

Oy B la) | il Ala) | gl Ll
P | %,adll| P [%,sdl| P | % s
0.224 | %1.9- |0.001> | %6.7- | 0.001>| %8.0 Septal @' ()

0.253 | %1.9- [ 0.001> | %5.8- | 0.001>| %8.0 Lateral @' cms)
0.273 | %1.7- | 0.001>| %7.0- | 0.001>| %8.2 Inferior @' cms)
0.291 | %1.6- |0.001> | %6.7- | 0.001>| %6.8 Anterior a' cms)
0.227 | %1.9- | 0.248 | %1.6— |0.001>| %6.0 |  Posterior a' g
0.592 | %0.8-0.001>| %6.6— | 0.721 | %0.5- | Anteroseptal a" s
0.248 | %1.6- |0.001> | %5.7- [0.001>| %5.3 Global a" (e

— | |

Global a'
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Anterior a'
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Exercise-induced changes in E/E' ratio in patients with| .. [59]
suspected co%onary artery diseaze aliss) | 2008 Tsougos
Tissue Doppler echocardiography reveals distinct Hoffmann
patterns of impaired myocardial velocities in different | &lasiall | 2010 | (60
degrees of coronary artery disease (2010)
Myocardial Strain Analysis by 2-Dimensional Speckle Biering-
Tracking Echocardiography Improves Diagnostics of | &lsall | 2014
Coronary Artery Stenosis in Stable Angina Pectoris
Global myocardial perfusion and diastolic function are
impaired to a similar extent in patients with type 2
diabetes mellitus and in patients with coronary artery | s | 2006 $2IDounis
disease—evaluation by contrast echocardiography and
pulsed tissue Dopple
Strain rate imaging after dynamic stress provides
objective evidence of persistent regional myocardial
dysfunction in ischaemic myocardium: regional
stunning identified?

bl grensen

Wil | 2005 | N\Williams

Tissue Doppler echocardiography improves the Hoffmann
diagnosis of coronary artery stenosis in stable angina | ¢ladall [ 2012 | (64
pectoris (2012)
Tissue Doppler imaging (TDI) for on-line detection of
regional early diastolic ventricular asynchrony in Wt (1999 ®Bryuch

patients with coronary artery disease
Detection of early abnormalities of left ventricular
function by hemodynamic, echo-tissue Doppler

and mitral Doppler flow techniques in <imaging Wlay | 2001 [66]Bolognesi

patients with coronary artery disease and normal
ejection fraction
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‘ Abstract

The Role of Tissue Doppler Echocardiography in
Revealing the Distinct Patterns of Impaired Myocardial
Velocities in Different Degrees of Coronary Artery
Disease

Dr. Ali Monjed Alnabelsi
Introduction and research objective:

Tissue Doppler Imaging (TDI) is a fast, inexpensive and non-
invasive method for assessing the function of the systolic and
diastolic heart.

OBJECTIVE: To determine how the left ventricular wall
motion assessed by echocardiographic Tissue Doppler Imaging
(TDI) is affected by increasing severity of coronary artery disease
(CAD) among patients with stable angina pectoris and preserved
ejection fraction.

Material and method:

DESIGN OF STUDY: Prospective observation study,
conducted at Al Mowasat, Al Assad and Cardiac Surgery University
Damascus Hospitals, and included patients with suspected angina
pectoris, who were admitted for a diagnostic coronary artery
catheterization, between 1/3/2018 and 1/3/2019.

Results:

The study involved 185 patients with suspected angina
pectoris. We found that 79 people without significant stenoses
(control group), and 106 patients with significant stenoses (50
patients with one artery disease, 31 patients with arterial disease, 25
patients with three arterial disease).

The difference between the two groups did not have statistical
significance for each of sex, age, BMI, and risk factors.

Mean each of intraventricular septal wall thickness in diastole
(IVSD), peak transmitral late diastolic inflow velocity (A) and ratio
of peak transmitral early diastolic inflow velocity / average peak




early diastolic longitudinal mitral annular velocity (E/e") was greater
in the group of patients and the difference was statistically
significant.

Mean each of peak transmitral early diastolic inflow velocity
(E), ratio of peak transmitral early diastolic inflow velocity/ peak
transmitral late diastolic inflow velocity (E/A), decelerations time of
early diastolic transmitral inflow (DT), average peak systolic
longitudinal mitral annular velocity (s') and average peak early
diastolic longitudinal mitral annular velocity (e') were smaller in the
patients group, the difference was statistically significant.

The average peak systolic longitudinal mitral annular velocity
(s') and the average peak early diastolic longitudinal mitral annular
velocity (e") decreased more when there was more than one artery
disease.

Conclusions:

Colour Tissue Doppler Imaging offer assessment examination
comprehensive for both diastolic and systolic cardiac function and
measurement of tissue velocities at the six mitral annular areas
which helps detects the early effects of ischemia on the heart even
when there ejection fraction is normal.

Keywords: Tissue Doppler Imaging, Stable angina pectoris.
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