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Abstract

Background: Coronary Artery Disease (CAD) is a para-
mount cause of death. Coronary angiography is considered
the gold standard for the invasive assessment of obstructive
CAD. The SYNTAX score is frequently used to comprehen-
sively assess the complexity and burden of CAD. The technique
of Tissue Doppler Imaging (TDI) emerged as a unique, easily
performed, and reproducible modality for assessing systolic
and diastolic LV performance. We aimed to examine the value
of the S'-wave dispersion of TDI derived mitral annular
velocities for the prediction of severity of coronary artery
stenosis.

Methods: We included 60 patients with symptoms sug-
gesting CAD in the study. We excluded patients with previous
myocardial infarction, atrial fibrillation, significant valvular
disease, and congestive heart failure. All patients had undergone
full history taken and clinical examination; complete 12-leads
electrocardiography, echocardiographic with assessment of
LV systolic and diastolic dimensions, fraction of shortening,
ejection fraction, and Doppler derived mitral valve velocities;
TDI with measuring of S'-wave, S'-wave dispersion, S' mean,
E'-wave, A'-wave and E'/A' ratio of the septal, lateral, anterior
and inferior walls; and coronary angiography.

Results: Mean S' was decreased in patients with severe
CAD and S'-wave dispersion was high in patients with single
or two vessel disease and low in patients with multi vessel
disease.

Conclusion: S'-wave dispersion in combination with S'
mean can predict severity of CAD and number of affected
vessel.
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Introduction

CORONARY Artery Disease (CAD) is the leading
cause of death worldwide. The World Health Or-
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ganization estimates that approximately 17 million
people die from CAD every year [1].

An estimated 84 million American adults are
afflicted with cardiovascular disease, accounting
for 1 in 3 individuals. This number is expected to
rise given the increasing rates of obesity and dia-
betes leading to greater economic strain on our
overall health care system [2].

Coronary angiography is considered the gold
standard for the invasive assessment of obstructive
CAD. While generally considered a safe procedure,
coronary angiography is associated with compli-
cations. Major complications including death,
Myocardial Infarction (MI), and/or major emboli-
zation have been estimated to occur in less than
2% of cases [3].

The SYNTAX score is frequently used to com-
prehensively assess the complexity and burden of
CAD [4].

It was initially developed to assess outcomes
in patients with left main or three-vessel disease.
The SYNTAX score is an anatomically based risk
calculation that was developed as an aid in deter-
mining the optimal technique of revascularization.
It has been proven to predict prognosis and response
to revascularization strategies [5].

Global and regional Left Ventricular (LV) systo-
lic function is an important marker of CAD in
echocardiographic studies, which is usually as-
sessed using two-dimensional echocardiography
[6].

The technique of Tissue Doppler Imaging (TDI)
emerged as a unique, easily performed, and repro-
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ducible modality for assessing systolic and diastolic
LV performance [7].

By using TDI, we can visualize and measure
the low systolic and diastolic velocities generated
by myocardial movements [g].

Using the pulsed wave Doppler, the myocar-
dium generates the following measures. S-wave
(systolic wave), E'-wave (early diastolic wave),
and A'-wave (late diastolic wave).

Other measureslike E'/A' (the ratio of early
and late diastolic tissue velocity as measured by
TDI), and E/E' (the ratio of early diastolic trans-
mitral flow velocity and early diastolic tissue
velocity), may also be taken for evaluating LV
diastolic function [9].

However, the cutoff values for maximum systo-
lic velocity and diastolic velocities which may
detect CAD areunclear [g].

Also associated diseases, like diabetes mellitus
[10] or hypertension [11] have an adverse effect on
global systolic and diastolic functions of the LV
which may make the use of TDI derived velocities
for diagnosis of CAD more difficult. So, we aimed
at studying the value of the S-wave dispersion of
TDI derived mitral annular velocities for the pre-
diction of severity of coronary artery stenosis.

Patients and M ethods

This study had been carried out at our Outpatient
Clinics at Bab El-Sheriyaand Al-Hussein Univer-
sity Hospitals, Al-Azhar University, Cairo, Egypt.
We included 60 patients (40 males and 20 femal es)
between February 2017 and August 2017 with
symptoms suggesting CAD in whom coronary
angiography was indicated according to the 2012
ACCF/AHA/ACP/AATSPCNA/SCAI/STS Guide-
line for the diagnosis and management of patients
with stable ischemic heart disease [12] patients
were excluded from the study if they had one or
more of the following:

- Diabetic and hypertensive patients.

- Patients with previous Coronary Artery Bypass
Surgery (CABG) asthe SYNTAX score cannot
be applied in this patient population.

- Previous Myocardial Infarction (MI).

- Patients with significant valvular heart disease
(more than mild stenosis or regurgitation).

- Left ventricular gjection fraction <50%.

- Significant regional wall motion abnormalities.
- Congestive heart failure.

- Atria fibrillation.

- Congenital heart disease.

- Technically poor acoustic window for transtho-
racic echocardiography.

After giving an informed written consent, we
did the following to all patients:

- Full history taking and thorough clinical exami-
nation.

- Complete 12-leads electrocardiography.

- Echocardiography: Echocardiographic and Dop-
pler studies were performed for all patients using
Philips |E 33 X Matrix phased array system
equipped with TDI and STE technology, using
amulti frequency (1-5MHz) S5-1 matrix array
probe was used. The studies were performed by
two expert operators unaware of the patients
clinical data and of each other measures. The
following measures were taken: Two-dimensional
guided M-mode measurements of Left Ventricular
End-Diastolic Dimension (LVEDD), Left Ven-
tricular End-Systolic Dimension (LVESD), Ejec-
tion Fraction (EF) and Fraction of Shortening
(FS) [13].

Doppler derived MV flow velocity waves; E-
wave, A- wave, and E/A ratio [13].

Tissue-Doppler Imaging (TDI): Myocardial
velocities of MV annulus were measured to all
subjects at apical 4-chamber and apical 2-chamber
views. We measured the velocities at the septal,
lateral, anterior, and inferior walls of mitral valve
annulus. Three velocities were taken for every
wall, S-wave for systole, and two waves for dias-
tole; E'-wave at early filling phase, and A'-wave
for atrial contraction phase [14] and mean S'is
calculated. S-wave dispersion was calculated for
every patient according to the following formula:
S-wave dispersion=(Maximum S-Minimum S)/
Maximum S%.

- Coronary angiography: Coronary angiography
was performed by the percutaneous femoral or
radial approach. Two idependant clinicians blind-
ed to the echocardiographic results reviewed the
coronary angiography of each patient to calculate
the SYNTAX score according to SYNTAX score
algorithm and patients were be categorized as
having alow SYNTAX score (<22), intermediate
score (23-32), or high score (233).
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Student's z-test (two-tailed), Chi-square ()(2),
one-way ANOVA and Fisher's exact (if required)
tests were used for comparison between variables.

p-value <0.01 is considered highly statistically
significant result. Pearson correlation coefficient
(r) was used as a measure of the strength of corre-
lation between two variables. Spearman's rank
correlation was performed if skewed variables.

Results

We identified 60 patients who met the inclusion
and exclusion criteria.

Male patients represented the higher.

Proportion (66.7% male and 33.3% female).
The mean * SD age of the patients in the studied
sample was 56.87%10.92 years. While the mean
+SD BMI was 30.65+7.36m” and the mean+SD
BSA was 2.0£0.12kg/m? (Table 1).

The patients were classified into 3 groups ac-
cording to SS as flow.

* Group I: Included 35 patients with low SYNTAX
score (£22).

* Group II: Included 15 patients with intermediate
score (23-32).

* Group III: Included 10 patients with high score
(233).

Table (1): Demographic data distribution of the study group.
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Table (2): Echocardiographic data of the study group.

Group I Group II Group 111 p-value
LVEDD 5.02+.32 5.04+.32 5.11+.17 741
LVESD 3.23+.29 3.35+.31 3.3+.26 319
IS 95+.12 97+.69 93+.10 .700
EF 60.86+2.27  55.80%2.2 55.00+£1.87 .0001
AoR 3.02+.35 2.90+.31 2.93+£.37 525
LA 3.67£.62 3.96+.53 3.90+.65 267
E/A .88+.35 1.13+.62 1.2+.60 .037
e 6.98+1.60 5.97+1.52 5.78+1.06 .027
a 8.26+2.13 7.88+2.43 7.71+2.66 742
E/e 9.80+4.49 13.97£6.64  14.18+5.22 011
S' septal 9.61+1.59 6.20+1.64 6.70+1.64 .0001
S' lateral 10.73£2.28  6.93£1.04 6.57+1.40 .0001
S' anterior 10.46£1.73  6.19£.96 6.09+1.23 .0001
S' inferior 11.09+1.84  8.24%2.28 8.88+2.79 .0001
Mean S' 10.51+£.76 7.06+.81 6.80+£1.05 .0001

S'dispersion 33.19+11.57 33.85£14.27 38.96%£15.60 465

Demographic data No. %
Male 40 66.7
Female 20 333

Range Mean + SD
Age (years) 33-80 56.87+£10.92
Weight (kg) 70-110 86.98+12.79
Height (cm) 150-191 169.52+£10.39
BMI [wt/(ht)z] 22.86-46.9 30.65+7.36
BSA 1.83-2.3 2.0+0.12

Table (2) summarizes echocardiographic data
in each of the studied group. There was a statisti-
cally significant difference as regard EF, Doppler
mitral inflow and TDI parameters.

As shown in the Fig. (1) there was negative
correlation between mean S' and SS.

So we can predict severity of CAD by measur-
ing mean S' but there was no correlation between
S' wave dispersion and SS as shown in the Fig.

(2), (p=0.123).

LVEDD : Left Ventricular End Diastolic Dimensions.
LVESD : Left Ventricular End Systolic Dimensions.

EF : Ejection Fraction.
IS : Interventricular Septum.
AoR : Aortic Root.
LA : Left Atrium.
S : Systolic.
E : Refers to early filling phase.
A : Refers to atrial contraction phase.
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Fig. (1): Linear correlation between SS and S' mean in the
study population.
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Fig. (2): Linear correlation between S' wave dispersion and

SS.
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But measuring S' wave dispersion we determine
if the patient had single vessel disease, two vessel
disease or multi vessel disease, with a sensitivity
and a specificity of 80% and 71% respectively,
and cut off value of 28.45. Patients with S' wave
dispersion less than 28.45 were found to be with
MVD, and more than 28.45 found to be with single
or two vessel disease as shown in the Fig. (3).
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Fig. (3): ROC curve S' wave dispersion.

Discussion

The prevalence of Coronary Artery Disease
(CAD) continues to rise worldwide associated with
increasing patient morbidity and mortality.

In the early phase of Ischemic Heart Disease
(IHD), diastolic dysfunction can be detected non-
invasively by TTE prior to the development of
overt systolic dysfunction.

Visual detection of segmental all motion abnor-
mality is the basic method in diagnosis of CAD
by echocardiography [15].

However, detection of wall motion abnormali-
ties, based only on visual assessment has many
limitations being a qualitative method and totally
subjective method that depends to a great extent
on operator experience and the quality of the images
[16] .

Tissue Doppler imaging has been introduced
for quantification of regional and global, systolic
and also diastolic LV functions. During ischemic
events, the longitudinal endocardial fibers are the
first being affected; then velocity changes can be
detected from the apical approach. In addition to
systolic velocity S', diastolic velocity E' and E/A'
ratio were found to be correlating with wall motion
abnormalities [17]. Derumeaux and his colleagues
[18] have found a strong correlation between myo-

cardial systolic velocity and regional myocardial
blood flow in animal models of myocardial
ischemia.

Similar results were found in humans as Katz
and his colleagues [19] have found that decreased
maximum systolic velocity was a highly sensitive
and specific figure for detection of abnormal seg-
mental myocardial motion and was able to diminish
the variability in the visual interpretation of wall
motion abnormalities assessed during dobutamine
stress echocardiography.

Our study demonstrated that patients with high
CAD burden based on SYNTAX score have lower
EF as compared with patients with low/intermediate
syntax score. We found that there was strong neg-
ative correlation between EF and SS with p-value
<0.001.

Also, our study demonstrated that patients with
high CAD burden based on SYNTAX Score have
lower mean S' as compared with patients with low/
intermediate syntax score. We found that there
was strong negative correlation between mean S'
and SS with p-value <0.0001.

Our study demonstrated that higher E/A ratio
was predictive of higher CAD burden based on the
SYNTAX score with p-value <0.037.

Bruch et al., examined the E/A ratio in a patient
population with single vessel CAD in the setting
of preserved LVEF. They demonstrated that the
E/A ratio was significantly lower in patients with
CAD, mainly due to lower E-wave velocities [20].

In a study by Sun et al., [21], they found that
E/E' at rest was a good indicator of significant
CAD detection. They found that a cutoff point of
E/E' >8.34 was able to detect CAD with an accuracy
of 85.8%, sensitivity 77.4% and specificity 100%.

In our study we also found that E/E' at rest was
a good indicator of significant CAD detection with
p-value <0.011.

Most of the studies on TDI were done on rela-
tively small number of patients and showed signif-
icant heterogeneity of their measured velocities in
normal or abnormal segments. This heterogeneity
was observed in the meta-analyses of maximum
early and late diastolic velocity (pre-stress); and
maximum systolic velocity and late diastolic ve-
locity (post-stress). This heterogeneity could be
the result of subtle differences in patient popula-
tions, segments in which TDI velocities were meas-
ured, models of the echocardiography machines
used in the assessments, or type of tissue Doppler
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used (spectral Doppler, which measures the instan-
taneous velocity, versus color Doppler which meas-
ures the modal velocity) [22].

In our study we found that S wave dispersion
islower in patient with MV D as compared to
patient with single and two vessel disease. Patients
with S wave dispersion <28.45 found to be with
MVD and patients with S' wave dispersion >_28.45
found to be with single or two vessel disease.

In astudy by Aldaydamony it was founded that
S wave dispersion may predict significant CAD
but in our study we founded that it can't be applied
to patients with MV D as Swave dispersion is
decreased in those patients [23].

Conclusion:

The mean S may be agood predictor for ang-
iographically severe CAD assessed by SSand S
wave dispersion may be a good predictor of number
of vessel affected as a cutoff point of <28.45 with
MVD. Further studies on larger number of patients
and on other patients' categories are recommended.

Sudy limitations:

In addition to the relatively small number of
patients and being a single center study, the major
limitation of our study isthat it did not include
many patients categories like those with previous
M1, diabetic patients, hypertensive patients, those
with AF and those with CHF. We did not include
these categories because of the effect of M1l on LV
regional systolic and diastolic functions beyond
the presence of flow limiting coronary obstruction
and the variability of TDI velocities with AF.
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