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ABSTRACT

Background: The left atrium (LA) is much more than simply a conduit for left ventricular (LV) filling, and
its size and remodeling are recognized as a predictor of poor outcomes in multiple disease states. LA function
is a surrogate marker of LV diastolic dysfunction.

Objective: To assess left atrial function in coronary artery disease patients with preserved left ventricle
gjection fraction, with and without left atrial expansion by three dimensional speckle tracking
echocardiograghy.

Patient and methods: Fifty patients with chronic coronary syndrome were divided according to left atrial
dilation into two groups high risk group where left atrial dilation was more than 4cm (8 males and 8 females)
and low risk group where left atrial dilation was less than 4 cm (18 males and 16 females) in addition to 20
healthy individual as control group (7 males and 13 females) who presented to the Cardiology Department at
Al-Hussain University Hospital and Al-Azhar Islamic Center for elective coronary angiography from May
2019 to June 2020.

Results: There was a statistically significant increase in control group in comparison to low risk and high
risk. The LA peak ventricular systolic area strain (ASs %) in patients group was significantly lower than in
the control group, whereas in the low risk group was significantly higher than in the high risk group. The LA
peak pre-atrial contraction area strain (ASa %) in patients group was significantly lower than in the control
group, whereas in the low risk group was significantly higher than in the high risk group.

Conclusion: Three-dimensional speckle tracking echocardiography represented a non-invasive, relatively
simple and reproducible technique to assess left atrial myocardial function in patients with chronic coronary
syndrome.
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INTRODUCTION categorized as either acute coronary
syndromes (ACS) or chronic coronary
syndromes (CCS). Those risks for future
cardiovascular events, e.g. death or

Coronary heart disease (CAD) has the
dynamic nature results in various clinical
presentations, which can be conveniently
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myocardial infarction (MI), and the risk
may change over time (Knuuti et al.,
2019).

The left atrium (LA) is much more
than simply a conduit for left ventricular
(LV) filling, and its size and remodeling
are recognized as a predictor of poor
outcomes in multiple disease states. LA
dilation has been associated with
increased risk of atrial fibrillation (AF),
ischemic stroke, mortality after acute
myocardial infarction, and heart failure
with both reduced and preserved LV
systolic function (Yoshida et al., 2011).

Assessment of LA function has been
performed by measuring LA size or
volume with two-dimensional (2D)
echocardiography and Doppler
echocardiographic ~ measurements. A
method known as strain imaging is used
for the quantitative assessment of
myocardial deformation. Three
dimensional speckle tracking imaging has
overcome the problems that faces two-
dimensional (2D) echocardiography and
Doppler echocardiographic measurements
by Area of strain that is the most sensitive
parameter of LA function (Kleijn et al.,
2011).

Speckle tracking echocardiography
(STE) is a non—-Doppler-based method for
the objective quantification of myocardial
deformation from standard bi-
dimensional data sets (Cameli et al.,
2011), and it allows to obtain the
quantification of longitudinal myocardial
LA deformation dynamics (Muranaka et
al., 2010).

However, 2D imaging has several
limitations. First, full LA segmental data
are obtained from multiple planes in
different cardiac cycles. Because of this

non-simultaneous data  acquisition,
myocardial function may be altered beat
by beat during unstable cardiac
conditions. Second, the whole heart
moves through the 2D plane of interest.
Therefore, the 2D plane of interest
disappears through a cardiac cycle, which
is well known as the ‘through-plane’ or
‘out-of plane phenomenon’. 3D full-
volume data acquisitions have the
potential to overcome the limitation of
plane-dependency of 2D  imaging
(Feigenbaum et al., 2012).

In three dimensional speckle tracking
(3D-STE), area of strain is the most
sensitive parameter of LA function, Area
strain is a combination of longitudinal and
circumferential deformations and s
calculated by the rate of change in
endocardial surface area from its original
size (Kleijn et al., 2011).

This study was designed to assess left
atrial function in coronary artery disease
patients with preserved left ventricle
ejection fraction with and without left
atrial expansion by three dimensional
speckle tracking echocardiograghy.

PATIENTS AND METHODS

Fifty patients with chronic coronary
syndrome were divided according to left
atrial dilatation into two groups: High risk
group where left atrial dilation were more
than 4cm (8 males and 8 females) and
low risk group where left atrial dilatation
less than 4 cm (18 males and 16 females)
in addition to 20 healthy individual as
control group (7 males and 13 females)
who presented to the Cardiology
Department at Al-Hussain  University
Hospital, Al-Azhar Islamic Center for
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elective coronary angiography from May
2019 to June 2020.

Inclusion criteria: Patients more than 40
years old diagnosed as chronic coronary
artery disease according to coronary
angiography and have positive findings.

Exclusion criteria: All patients with
history of congestive heart failure,
moderate or severe valvular disease,
congenital heart disease, conduction
abnormalities,  ongoing  arrhythmia,
pacemaker and acute coronary syndrome.

Each patient was subjected to the
following after giving an informed
consent:

i. History was taken including: (1)
Age and gender. (2) Smoking
recognized as a life time history of
>100 cigarettes in their entire life and
had continued smoking in the last 6
months was considered a positive
smoking history. (3) Diabetic patients
were recognized as having DM if they
had history of DM on admission. (4)
Dyslipidemia was defined by total
cholesterol >220 mg/dl. %)
Hypertension  was  defined as
systolic/diastolic ~ blood  pressure
>140/90 mmHg or patients had a
history of hypertension. (6) Previous
PCI procedures and previous CABG.
(7) Anemic patients defined if
haemoglobin level less than 14 gm/dl
in males and less than 12 gm/l in
females. (8) Patient defined as renal
impairment of creatinine clearance
less than70 ml /min. (9) Other co-
morbid conditions, such as peripheral
vascular disease.

ii. A full clinical examination:
Including vital signs, BMI and cardiac
examination.

iii. Electrocardiography: A  12-lead
surface electrocardiography (ECG)
was done for each patient on
admission. The electrocardiograms
were recorded at a paper with speed of
25 mm/s and an amplification of 10
mm/mv.

iv. Laboratory investigations: Serum
glycated haemoglobin (HbAlc) was
measured. Serum creatinine  was
measured. The creatinine clearance
was calculated. Admission complete
blood count was measured. Lipid
profile including, high density
lipoprotein  (HDL), low density
lipoprotein (LDL), total cholesterol
(TC) and triglycerides (TG) were
measured.

Echocardiography  was  performed
which included conventional M-mode,
and 2-D transthoracic echocardiographic
examination and Doppler study using
standard parasternal and apical views to
assess left ventricular diastolic function
via transmitral mitral inflow velocities,
left atrial volumes and left ventricular
chamber  dimensions, volume and
function.

For 3D-STE analysis, we obtained
apical full-volume acquisition to visualize
the entire left atrium in a volumetric
image as apyramidal volume. Each 3D
data set was displayed in a five-plane
view: (A) an apical four chamber view,
(B) a second apical view orthogonal to
plane A, and (C) three short-axis planes,
including plane C1 in the basal potion,
plane C2 in the mid left atrium, and plane
C3 at the roof portion of the left atrium
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plane, one marker is set at the roof of the
left atrium, and the other two are set at the
edges of the mitral annulus. The software
then detects the LA endocardium using a
semi-automated contour-tracing
algorithm, and the user sets LA wall
thickness to the smallest possible value.
The software divides the left atrium into
16 segments. After the markers have been
selected, the system performs wall
motion-tracking analysis through the
entire cardiac cycle and enables the
calculation of maximal LA volume. The
following parameters were measured: LA
peak ventricular systolic area strain (ASs)
and LA peak pre—atrial contraction area
strain (ASa).

Statistical analysis:

Results of the present study were
statistically analyzed wusing SPSS 25
(IBM, USA). Data were represented as
median (interquartile range) or number
and percentage. Numerical data were
compared using one-way ANOVA
followed Dby post hoc test, while
categorical data were compared using
Fisher exact test or Chi-square test as
appropriate. ROC curve was used to
evaluate the performance of different tests
differentiate between certain groups. The
level of significance at P value < 0.050
was significant.

RESULTS

Fifty patients with chronic coronary
syndrome were divided into two groups:
high risk (mean age 57.75+7.66 years, 8
males and 8 females) and low risk (mean
age 55.26+ 6.19 years, 18 males and 16
females) and 20 healthy individual as

control group (mean age 56.70+ 4.54
years, 7 males and 13 females). There was
no statistically significant difference in
demographic data regarding studied group
(Table 1).

Table (1): Comparison between high risk, low risk & control group as regards

demographic data

Control High risk Low risk Chi square test/

Groups (No.=20) (No.=16) (No.=34) One way ANOVA

Parameters
No % No % No % P value
Female 13 65.0% 8 50.0% 16 47.1%

Sex, n (%) 0.429

Male 7 35.0% 8 50.0% 18 52.9%
Age(years) | Mean+SD | 56.70 | 4.54 | 57.75 | 7.66 | 5526 | 6.19 0.386

There was a statistically significant
increase in high risk in comparison to low
risk with left ventricular end-diastolic
volume (LVEDV). The left ventricular
end systolic volume (LVESV), left
ventricular ejection fraction (LVEF)%,
left anterior descending (LAD), maximum

left atrial volume (LAV max.), minimum
left atrial volume (LAV min.) and E/A,
but there was a statistically significant
increase in low with left atrial volumes
(LAV) ejection fraction (EF)%, E and A
(Table 2).
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Table (2): Comparison between high risk, low risk & control group as regards
echocardiographic changes

Groups Control High risk Low risk One way

(No.=20) (No.=16) (No0.=34) ANOVA

Parameters Mean SD Mean SD Mean SD P value
LVEDV(mI) 82.70 12.68 115.69 1.54 109.82 2.96 <0.001
LVESV(ml) 31.91 7.09 51.51 1.50 44.59 3.27 <0.001
LVEF (%) 55.44 0.73 60.70 2.92 58.92 2.08 <0.001
LAD (cm) 2.97 0.30 4.33 0.11 3.35 0.48 <0.001
LAV max. (ml) 18.70 3.06 26.39 1.04 20.30 2.03 <0.001
LAV min. (ml) 9.99 2.16 16.60 1.35 10.07 1.80 <0.001
LAV EF (%) 47.00 2.97 37.25 2.62 50.15 4.65 <0.001
E (c/s) 68.85 12.14 41.81 2,51 67.32 9.92 <0.001
A (c/s) 69.13 5.24 44,50 24.12 80.03 23.16 <0.001
E/A 99.25 20.47 133.50 10.48 87.09 12.41 <0.001

Post hoc test

High risk VS low

Control VS low risk Control VS high risk risk
LVEDV 0.001 0.001 0.008
LVESV 0.001 0.001 0.001
LVEF% 0.005 0.001 0.001
LAD 0.001 0.001 0.001
LAV max. 0.013 0.001 0.001
LAV min. 0.871 0.001 0.871
LAV EF% 0.005 0.001 0.005
E 0.573 0.001 0.001
A 0.058 0.001 0.001
E/A 0.005 0.001 0.001

LVEDV = Left ventricle end diastolic volume; LVESV=Left ventricle end systolic volume; LVEF% = LV
ejection fraction; LAD = Left atrial dimension; LAV max. = Maximum left atrial volume; LAV min. =
Minimum left atrial volume; LAEF = Left atrial emptying fraction; E=Early diastolic velocity; A =Late
diastolic velocity.

There was a statistically significant low risk and high risk with 3D speckle
increase in control group in comparison to tracking (Table 3).

Table (3): Comparison between high risk, low risk & control group as regards 3D
speckle tracking

Groups Control High risk Low risk

P (No.=20) (N%.=16) (No.=34) One way ANOVA
Paramete Mean SD Mean SD Mean SD f P value
ASs(%) 78.50 9.65 28.69 10.90 61.82 6.04 158.918 <0.001
Asa(%) 40.70 6.42 14.50 4.75 31.06 3.96 126.065 <0.001
Post hoc test

Control VS low risk Control VS high risk High risk VS low risk

ASs 0.001 0.001 0.001
ASa 0.001 0.001 0.001

LA peak pre—atrial contraction area strain. ASa = ASs = LA peak ventricular systolic area strain;
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ASs has positive correlations with Asa,
CRCL, LVEF%, LAV EF%, E and A but
has negative correlations with CR,
HbA1C, LVEDV, LVESV, LAD, LAV
max., LAV min, E/A and Coronary score.
Also, ASa has positive correlations with

ASa, CRCL, LVEF%, LAV EF%, E and
A, but has negative correlations with CR,
HbA1C, LVEDV, LVESV, LAD, LAV
max., LAV min, E/A and coronary score
in case group (Table 4).

Table (4): Correlation between 3D speckle tracking among studied parameters in

case group
Tracking ASs ASa

Parameters r P value r P value
ASa 0.989 0.001 - -
Age -0.137 0.341 -0.170 0.237
Height 0.121 0.402 0.119 0.412
Weight 0.036 0.803 0.030 0.838
BMI -0.045 0.758 -0.042 0.772
HB -0.138 0.341 -0.160 0.267
CR -0.343 0.015 -0.371 0.008
CRCL 0.382 0.006 0.402 0.004
LDL -0.095 0.512 -0.076 0.601
TG -0.139 0.336 -0.092 0.523
HDL 0.012 0.934 0.015 0.918
HbA1C -0.463 0.001 -0.483 0.001
LVEDV -0.987 0.001 -0.978 0.001
LVESV -0.988 0.001 -0.980 0.001
LVEF% 0.821 0.001 0.842 0.001
LAD -0.994 0.001 -0.984 0.001
LAV max. -0.992 0.001 -0.984 0.001
LAV min. -0.994 0.001 -0.987 0.001
LAV EF% 0.940 0.001 0.914 0.001
E 0.995 0.001 0.985 0.001
A 0.896 0.001 0.886 0.001
E/A -0.996 0.001 -0.991 0.001
GS -0.704 0.001 -0.730 0.001
SS -0.663 0.001 -0.691 0.001

ASa= LA peak pre-atrial contraction area strain; ASs = LA peak ventricular systolic area strain; BMI: Body
mass index; HB=Hemoglobin in blood; CR=Creatinine; CRCL: Creatinine Clearance; LDL-C = low-density
lipoprotein cholesterol; TG= triglycerides; HDL-C= high density lipoprotein cholesterol; HbAlc = glycated
haemoglobin; LVEDV = Left ventricle end diastolic volume; LVESV=Left ventricle end systolic volume;
LVEF = LV ejection fraction; LAD = Left atrial dimension; LAV max. = Maximum left atrial volume; LAV
min. = Minimum left atrial volume; LAEF = Left atrial emptying fraction; E=Early diastolic velocity; A
=L ate diastolic velocity; GS = Ginsini Score; SS = SYNTAX Score.

DISCUSSION

This study was conducted aiming to
assess the left atrial function in coronary
artery disease patients with preserved left
ventricle ejection fraction with and

without left atrial expansion by three
dimensional speckle tracking
echocardiograghy.

The current study revealed that no
statistically significant differences were
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found among the study groups (high risk,
low risk and controls) as regards age, sex.
This balance in the baseline characteristics
provides the basis for comparison between
the study groups as it helps to minimize
bias (Sedgwick, 2014).

The current study revealed that no
statistically significant differences were
found between the high risk and low risk
study groups as regards past history of
ischemic heart disease or family history.
This balance in the baseline characteristics
helps to minimize bias when comparing
between the study groups (Sedgwick,
2014).

The current study revealed that no
statistically significant differences were
found between the high risk and low risk
study groups as regards ECG findings.
This absence of significant ECG changes
with different atrial volume might be
explained by the finding that none of the
commonly used ECG left or right atrial
enlargement  criteria  provided high
accuracy for detecting anatomic left or
right atrial enlargement and that high
sensitivity was achieved only with lower
specificity and vice versa. Furthermore,
hypertension may affect P wave
characteristics on ECG independently of
atrial size (Tsao et al., 2012).

The current study revealed that no
statistically significant differences were
found among the study groups (high risk,
low risk and controls) as regards the mean
results of some of the performed
laboratory investigations namely:
hemoglobin  level, creatinine level,
creatinine clearance and triglycerides
level. Meanwhile, statistically significant
differences were found among the three
groups as regards LDL and HDL levels

(with the significant differences being
found when control group was compared
versus either high risk or low risk groups)
as well as in HbALC level (with the
significant differences being found when
control group was compared versus either
high risk or low risk groups as well as
when comparing high risk group versus
low risk group) (Rayyan et al., 2012).

Statistically ~ significant  differences
were found among the three groups as
regards all studied echocardiographic
findings which were found with pairwise
comparisons in case of LVEDV, LVESV,
LVEF%, LAD, LAV max., LAV EF%, A
and E/A. On the other hand, the
statistically significant difference in case
of LAV min. was found only between the
control and high risk group and in case of
E between the high risk group and either
the controls or low risk group. Statistically
significant differences also were found
among the three groups as regards 3D
speckle tracking findings which were
found with pairwise comparisons in case
of ASs and ASa with their mean values
being lowest in the high risk group. There
were statistically significant differences
between the high and low risk groups as
regards the coronary score with higher GS
and SS mean values being found in the
high risk group (Elmedany et al., 2017).

No statistically significant correlations
were found between either age, height,
weight, body mass index (BMI),
hemoglobin level, LDL level, HDL level,
TG level on one hand and either ASs or
ASa on the other hand . Meanwhile, a
strong positive correlation was found
between ASs and ASa as well as between
LVEF%, LAV EF%, E and A on one hand
and ASs and ASa on the other hand.
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Furthermore, a moderate  positive
correlation was found between CRCL and
both ASs and ASa. Moderate negative
correlation was found between CR,
HBA1C SS and GS on one hand and ASs
and ASa on the other hand. A strong
negative correlation was found between
LVEDV, LVESV, LAD, LAV max., LAV
min. and E/A on one hand and ASs and
ASa on the other hand (Halilbasi¢ et al.,
2014).

CONCLUSION

Three-dimensional speckle tracking
echocardiography represented a non-
invasive, relatively simple and
reproducible technique to assess left atrial
myocardial function in patients with
chronic coronary syndrome. The reservoir
and conduit function of the left atrium
were impaired in these patients compared
with controls, LA peak ventricular systolic
area strain and LA peak pre-atrial
contraction area strain were significantly
positive correlated with both left atrium
2D Doppler echocardiographic parameters
and LV contractile function and could be
suggested as a better indicator to evaluate
LA function as a preferred parameter of
Speckle tracking echocardiography.

REFERENCES

1. Cameli M, Caputo M, Mondillo S,
Palmerini E, Lisi M, Marino E and
Galderisi M. (2011): Feasibility and
reference values of left atrial
longitudinal strain imaging by two-
dimensional speckle tracking.
Cardiovasc. Ultrasound, 7: 6-9.

2. Elmedany, S. M., Naga, S. S,
Elsharkawy, R., Mahrous, R. S., &
Elnaggar, A. 1. (2017): Novel urinary
biomarkers and the early detection of

acute kidney injury after open cardiac
surgeries. Journal of critical care, 40,
171-177.

Feigenbaum H, Mastouri R and

Sawada S. (2012): A practical

approach to using strain
echocardiography to evaluate the left
ventricle. Circ J., 76: 1550-1555.

. Halilbasi¢, M., Zvornicanin, J.,

Jusufovié, V., Cabri¢, E., Halilbagi¢,
A., MusSanovi¢, Z., & Mededovi¢, A.
(2014): Pediatric cataract in Tuzla
Canton, Bosnia and herzegovina. Med
Glas (Zenica), 11(1), 127-131.

Kleijn SA, Aly MF, Terwee CB, van
Rossum AC and Kamp O. (2011):
Three-dimensional speckle tracking
echocardiography ~ for  automatic
assessment of global and regional left
ventricular function based on area
strain. J Am Soc Echocardiogr.,
24:314-21.

Knuuti J, Wijns W and Saraste A.

(2019): ESC Guidelines for the

diagnosis and management of chronic
coronary syndromes: The Task Force
for the diagnosis and management of
chronic coronary syndromes of the
European Society of Cardiology
(ESC). Eur Heart Journal, 71:
101093-97.

Muranaka A, Yuda S, Tsuchihashi
K, Hashimoto A, Nakata T, Miura
T, Tsuzuki M, Wakabayashi C,
Watanabe N and Shimamoto K.
(2010): Quantitative assessment of left
ventricular and left atrial functions by
strain rate imaging in diabetic patients
with and without hypertension.
Echocardiography, 26(3):262—-271.



8.

10.

2065

THREE-DIMENSIONAL SPECKLE TRACKING ECHOCARDIOGRAPHY ...

Rayyan, M., Devlieger, H., Jochum,
F., & Allegaert, K. (2012):
Short-term use of parenteral nutrition
with a lipid emulsion containing a
mixture of soybean oil, olive ail,
medium-chain triglycerides, and fish
oil: a randomized double-blind study
in  preterm infants. Journal of
Parenteral and Enteral Nutrition, 36,
81S-94S.

Sedgwick P. (2014): Randomized
controlled trials: Balance in baseline
characteristics. BMJ, 349(3): 5721.

Tsao CW, Josephson ME, Hauser

TH, O'Halloran TD (2012):
Accuracy of electrocardiographic
criteria  for atrial  enlargement:

11.

validation with cardiovascular
magnetic resonance. J Cardiovasc
Magn Reson., 10(1):7-11.

Yoshida C, Nakao S, Goda A and
Naito Y (2011): Value of assessment
of left atrial volume and diameter in
patients with heart failure but with

normal left ventricular ejection
fraction and mitral flow velocity
pattern. Eur J Echocardiogr.,

10(2):278-81.



2066 TAHER M. A. EL-MEGHWARY etal.,

i 01 3% Aol g kil Slad ¥ OIS Sladi| Al pfubicla
dadag) JHs | medeld ued S 2 LN O s y9ud e 30 B
i

-

‘ﬁ@wu&:m\ cgw@éfmidwcé‘)‘gi.d\ﬁu\qsw)\th
Caal) ae dana daal

DAY Aaaly bl A0S (A gadl) de g1 g Y acd

E-mail: taher elmeghwary@amail.com

M\MSMJHHAAXHHQ\HJQ\:M‘MB

H aay ) Gﬁa\ Al S dare sai sl o) g4 aaa e oy il PR c)_..n_.;\)\

J1a) GaS 5 viaia adn g ol G s Ba wiall |l N ey A
I r— 29 O - o —a

by Al gy Sl s alld A sy Wy V) o el L V)

) el Agyda gy Bl iAW) a e WAL ae J 58 55 Tadsal

ALy

e all Ao gall alaad by 3 V) 8y i PR L N S gl
slaa¥l aa 40 Hl8a (e yall @Lﬁ\ Ol da DU

e e g silay Lmy 50 50 Sadll 12 a Jo i rdiad) (§ g (ila pal
Oie s o) V) 53V p Ll o ea Ba e A jal) al il (gl
8 5 )5—S38) a4 e S GV il G5 ) hadll A lle Lada a]
18) o 4 e I8l 3V gLl a3 5 5 Tadll 4 addia (5 AV 5 (il
05=S37) bl d e S Ll w13, 820 ) Al_LYL (Sl) 16 5 ) s—S3
TSRO | S PP PR UV [P S SN JPRIV: R | PNV WSV (GRS [
il d e W)y aia S Sy A Y S e el

2020 5552 63 (2019 sole gl e Bl b lld g 4y LAY



mailto:taher_elmeghwary@gmail.com

THREE-DIMENSIONAL SPECKLE TRACKING ECHOCARDIOGRAPHY..Z2067

bl i e gesall 8 A0 aaa) A IVa Culdsal ) s ¢ S e agd) mil s
O A _ahiedal e 1Sg3 s haAlld e g8y tadll A 0ddiayd 3 H\da
S J el A e sena 8 () bl L1553 s, ]
imidied e gend) 3 SIS L aipabl ol d o gendl b4 gle S L ca
dal e o lS 93y halld e Ao ganall Bl gia 58K lels s dadll
J—8l —a sl A e sama (8 () Al 550 Jd VI V) A_Blaia
Lcgandl 8 L aipadal alld o gandl b4 e IS aa y IS

5shall dle de ganall i lgie 1S el s ) shall Laddi,

Ol o W el 8 N VA adag e i o aa g s gl
« ‘8“ 2 &:l'qﬁ d)i .\Y\ \:\ c C Q (“ﬁ\ .;“ OI-J ) l:l.ln . 5. C}A .) A )9 .4"5 " Q
e U PP SPPJ [P 'L QRS 21| [P S BPL - W RO | U - YT WP PR KA

Lo

Oho—il) sl ) A L) N adl) ol Al el st
il Aagds g Mie) ¢ alill



