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Abstract 

Background: Chronic myocardial ischemia results in left 
ventricular (LV) systolic dysfunction. The anatomical complex-
ity of coronary artery disease (CAD) could be evaluated by the 
SYNTAX score. 

Aim of Study: This study aimed to correlate the SYNTAX 
score in patients undergoing elective coronary angiography to 
the LV global longitudinal strain (GLS) and global circumfer-
ential strain (GCS) performed at rest by speckle-tracking echo-
cardiography. 

Patients and Methods: This study included 60 patients 
scheduled for elective invasive coronary angiography after 
being diagnosed with CAD by a positive non-invasive test 
for myocardial ischemia. Speckle- tracking echocardiography 
was used to measure LV GLS and GCS. SYNTAX score I 
was used to evaluate the anatomical complexity of CAD after 
angiography. 

Results: Patients were divided into three groups based on 
the results of the coronary angiogram: Normal coronary an-
giogram (n=12), low SYNTAX score (n=28, <22), and high 
SYNTAX score (n=20, ≥22). Baseline characteristics were 
comparable between the three groups. The high SYNTAX 
score group showed worse LV GLS and GCS (–16.90±2.17% 
and –19.70±1.59 respectively) in comparison to low SYNTAX 
score (–19.36±2.21, p<0.001 and –22.11±2.02, p<0.001 respec-
tively) and normal SYNTAX score (–20.33±2.06, p<0.001 and 
–22.17± 1.90, p<0.001). There was a significant inverse cor-
relation of SYNTAX score to LV GLS and LV GCS (r=0.458, 
p=0.0002, r=0.411, p=0.0011) respectively. 

Conclusion: LV GLS and LV GCS decline with the in-
crease in CAD anatomical complexity measured by angio-
graphic SYNTAX score. 
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Introduction 

THE Synergy between Percutaneous Coronary In-
tervention with Taxus and Cardiac Surgery (SYN-
TAX) score is a coronary angiographic score that 
grades the anatomical complexity of the coronary 
arteries [1]. It has an important prognostic value 
related to long-term cardiovascular outcomes [2]. 
Also, it guides the choice of the revascularization 
strategy between either percutaneous coronary in-
tervention (PCI) or coronary artery bypass graft-
ing (CABG) in the presence of left main coronary 
artery disease (CAD) and/or multi-vessel disease 
after heart team discussions. In the presence of a 
low SYNTAX score (0-22), PCI is considered an 
accepted revascularization mode, while, an interme-
diate to high SYNTAX score (>22) favors CABG 
especially, in diabetic patients [3]. 

Chronic myocardial ischemia results in left ven-
tricular (LV) systolic dysfunction [4] that could be 
identified using myocardial strain imaging which 
has a higher sensitivity in detecting subtle myocar-
dial dysfunction compared to LV ejection fraction 
(EF) [5]. The ischemic LV dysfunction detected by 
myocardial strain imaging correlates with coronary 
artery severity in invasive coronary angiography [6]. 

This study aimed to correlate LV systolic func-
tion as assessed by speckle tracking peak systolic 
global longitudinal strain (GLS) with global circum-
ferential strain (GCS), and anatomical complexity 
of coronary arteries as assessed by angiographic 
SYNTAX score in patients undergoing elective cor-
onary angiography. 

Patients and Methods 

This study included 60 patients scheduled for 
elective invasive coronary angiography in Ain 
Shams University Hospitals from March 2020 to 
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December 2020 after being diagnosed with CAD 
by a positive non-invasive test for myocardial is-
chemia. All patients signed an informed written 
consent, and the research ethics committee of the 
Faculty of Medicine, at Ain Shams University, ap-
proved the study protocol (FMASU MS 203/2020). 
The study excluded patients with significant valve 
diseases, LV hypertrophy, previous myocardial in-
farction, CABG, PCI, resting wall motion abnor-
mality in echocardiography, poor echogenicity, and 
irregular heart rhythm. 

All patients were subjected to history taking and 
clinical examination to identify risk factors for CAD 
or established CAD. A transthoracic echocardiogra-
phy study was done on all patients with left lateral 
decubitus using a General Electric (GE) Vingmed 
Ultrasound Vivid 7 system. A full 2- dimensional 
(D), motion (M)-mode, and Doppler echocardi-
ographic examination was done for all patients in 
standard precordial apical (2-, 3- and 4-chamber 
images) and parasternal (short- axis images) views. 
The following measurements were obtained: LV EF 
fraction calculated using M-Mode, 2D eye-balling, 
and Simpson method, wall motion abnormality: us-
ing 2D echocardiography in apical and parasternal 
views, peak systolic GLS, and GCS using speck-
le tracking. With stable electrocardiogram (ECG) 
and breath holding, ECG-gated loops for later of-
fline analysis were recorded. Loops of at least three 
ECG-gated entire cardiac cycles of the LV from api-
cal 4,3 and 2 chamber views for the GLS and short 
axis at the basal, mid, and apical levels of the heart 
for the GCS, were recorded in the cine loop format. 
The recorded data was stored and later analyzed 
with the offline workstation software EchoPAC Di-
mension [12.0, GE Medical Systems GmbH, Ger-
many]. The strain values for all the segments were 
recorded and averaged to obtain the GLS and GCS. 
A topographic representation of the regional and 
GLS of all 17 analyzed segments (Bull’s eye config-
uration) was automatically generated. The normal 
value of GLS is –19.7±3% while the normal value 
of GCS is –23±3% [7]. 

Using multiple views, selective left and right 
coronary angiography was done to visualize coro-
nary anatomy without foreshortening or side branch 
overlaps. The lesions of interest were defined as 
causing >-50% luminal obstruction in a vessel 
>-1.5mm in diameter. All images were evaluated by 
an experienced operator who was blinded to the re-
sults of strain echocardiography. After calculating 
the individualized score for each relevant lesion, 
the SYNTAX score was derived from their summa-
tion. Then after, the patients were divided into three  

groups based on the presence and/or the severity 
of CAD: no CAD on angiogram (zero SYNTAX 
score), low SYNTAX score (<22), and high SYN-
TAX score (>-22) [3]. 

Statistical analysis: 
After collection and revision of data, Statistical 

Package for Social Science (IBM SPSS) (version 
23) was used to enter data in. Mean and standard 
deviation represented quantitative data with para-
metric distribution. Numbers and percentages rep-
resented qualitative variables. We used Chi-square 
test to compare between qualitative data of the study 
groups. The comparison between more than two in-
dependent groups with quantitative data and para-
metric distribution was done by using the One Way 
ANOVA test. Post-hoc Spearman correlation coef-
ficients were used to assess the correlation between 
two quantitative parameters in the same group. The 
confidence interval was set to 95% and the margin 
of error accepted was set to 5%. So, the p-value was 
considered significant <0.05. 

Results 

Based on the coronary angiographic results, the 
study population was divided into three groups. 
Twelve patients (20%) had normal epicardial cor-
onary arteries with zero SYNTAX score, while 48 
patients (80%) had atherosclerotic epicardial coro-
nary arteries with low SYNTAX score in 28 patients 
(46.7%) and high SYNTAX score in 20 patients 
(33.3%). 

On comparing the baseline characteristics be-
tween the three groups, there was no statistically 
significant difference (Table 1). The comparison of 
echocardiographic assessments of LV systolic func-
tion showed no statistically significant difference in 
LV EF. While comparing LV GLS, the high SYN-
TAX score group showed significantly lower GLS 
than the low SYNTAX group (–16.90±2.17 versus 
–19.36±2.21, p<0.001) and zero SYNTAX score 
(–16.90±2.17 versus –20.33±2.06, p<0.001). Also 
on comparing LV GCS, the high SYNTAX score 
group showed significantly lower GCS than the low 
SYNTAX group (–19.70 ± 1.59 versus –22.11±2.02, 
p<0.001) and zero SYNTAX score (–19.70±1.59 
versus –22.17±1.90, p<0.001) (Table 2). 

There was a statistically significant weak in-
verse correlation between the peak systolic GLS and 
SYNTAX score values (r=–0.458, p<0.001) (Fig. 
1). Also, there was a statistically significant weak 
inverse correlation between peak systolic GCS and 
SYNTAX score values (r=–0.411, p<0.01) (Fig. 2). 
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Table (1): Comparison of baseline characteristics between the study population sub-groups. 

Zero 

SYNTAX score 

N=12 

Low 

SYNTAX score 

N=28 

High 

SYNTAX score 

N=20 

p-
value 

Age (years): 
Mean ± SD 53.92±12.48 60.07±7.77 53.75±10.01 0.05 

Males: 
N (%) 9 (75.0%) 20 (71.4%) 14 (70.0%) 0.09 

Smoking: 
N (%) 4 (33.3%) 16 (57.1%) 13 (65.0%) 0.21 

Diabetes mellitus: 
N (%) 4 (33.3%) 13 (46.4%) 8 (40%) 0.73 

Hypertension: 
N (%) 6 (50%) 13 (46.4%) 8 (40%) 0.84 

SD: Standard deviation. 

Table (2): Comparison of echocardiographic parameters between the study population sub-groups. 

Zero 

SYNTAX score 

N=12 

Low 

SYNTAX score 

N=28 

High 

SYNTAX score 

N=20 

p- 
value 

p1 p2 p3 

Ejection fraction: 
Mean ± SD 62.25±4.75 61.18±3.95 63.05±4.66 0.34 

GLS: 
Mean ± SD –20.33±2.06 –19.36±2.21 –16.90±2.17 <0.001 0.2 <0.001 <0.001 

Impaired GLS: 
N (%) 3 (25.0%) 11 (39.3%) 18 (90.0%) <0.001 

Apical 2 
longitudinal strain: 
Mean ± SD –20.42±1.88 –19.54±2.67 –16.25±4.12 0.01 0.41 0.001 0.001 

Apical 3 
longitudinal strain: 
Mean ± SD –20.42±2.68 –20.43±3.01 –17.80±3.25 <0.001 0.99 0.02 0.004 

Apical 4 
longitudinal strain: 
Mean ± SD –20.50±3.34 –18.82±3.43 –17.70±3.53 0.09 

GCS: 
Mean ± SD –22.17±1.90 –22.11±2.02 –19.70±1.59 <0.001 0.93 <0.001 <0.001 

Impaired GCS: 
N (%) 6 (50.0%) 12 (42.9%) 18 (90.0%) 0.003 

Short axis basal 
circumferential strain: 
Mean ± SD –22.00±2.22 –21.82±2.13 –19.80±1.99 0.003 0.806 0.006 0.002 

Short axis mid 
circumferential strain: 
Mean ± SD –22.33±1.87 –22.07±2.07 –20.05±1.73 0.001 0.69 0.002 0.001 

Short axis apical 
circumferential strain: 
Mean ± SD –22.00±1.54 –22.00±2.58 –20.05±1.82 0.007 1 0.017 0.003 

GCS: Global circumferential strain.  GLS: Global longitudinal strain. SD: Standard deviation. 
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Fig. (1): Correlation between SYNTAX score and GLS. Fig. (2): Correlation between SYNTAX score and GCS. 
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Discussion 

The main result of the current study is that de-
spite normal LV EF of the study population and 
the absence of regional wall motion abnormality in 
resting echocardiography, there was a progressive 
decline in LV GLS and GCS with increasing the an-
atomical complexity of the coronary arteries as rep-
resented by the SYNTAX score. Although LV GLS 
is much more studied in the literature, both LV GLS 
representing longitudinal fiber shortening and LV 
GCS representing circumferential fiber shortening 
contribute to LV systolic function [8]. 

Our study was concordant with Vrettos’s and 
colleagues study in 2016 [9] that was the first to cor-
relate SYNTAX score and LV GLS in patients with 
stable angina with normal global and/or regional 
wall motion. They found a significant inverse corre-
lation between LV GLS and SYNTAX score values 
(r=0.3869, p<0.001). Also, it was concordant with 
Biswas and colleagues study in 2020 [10] that was 
conducted on 117 patients with stable angina and 
it found a significant correlation between LV GLS 
and SYNTAX score (r=0.686, p<.0001). The rela-
tionship between LV GLS and coronary anatomical 
complexity could be translated into a relationship 
between LV GLS and significant myocardial is-
chemia as in Elamragy and colleagues in 2020 [11] 
who evaluated 101 patients by LV GLS and stress 
echocardiography followed by coronary angiogra-
phy within 1 month and concluded stress echocar-
diography derived GLS increased the sensitivity to 
detect myocardial ischemia in intermediate pretest 
probability patients. 

The SYNTAX score gives a score for coronary 
lesions in a coronary artery that is >_1.5mm in diam-
eter when it shows a coronary stenosis that involves 
>_50% of the vessel diameter. The score of each le-
sion depends on some anatomical factors that reflect 
the severity of CAD like the proximity of the lesion 
in the coronary artery, the dominance of the coro- 

nary circulation, the presence of the lesion in a bi-
or trifurcation, the length of the lesion, the presence 
of tortuosity, heavy calcification, total occlusion 
or thrombosis [1]. The Syntax score increases with 
the increase in the number of coronary lesions and 
their anatomical complexity. This may explain the 
inverse relationship of the SYNTAX score in our 
study with LV GLS and LV GCS. The presence of 
significant myocardial ischemia is associated with 
abnormal myocardial deformation that results in a 
subtle LV systolic dysfunction even in the absence 
of a significant decline in LV EF [12,13]. The pres-
ence of a normal LV EF does not exclude the pres-
ence of a significant coronary artery disease. 

The SYNTAX score has a well-established 
prognostic value in the prediction of major adverse 
cardiac events, and it is essential in guiding the cor-
onary revascularization [1-2,14]. However, the rela-
tion between the SYNTAX score and LV systolic 
function is not well established. Also, most studies 
that focused on the relationship between speck-
le-tracking echocardiography and the anatomical 
complexity of CAD focused on the LV GLS [9,15]. 
Our study added that in addition to the worsening 
of LV GLS with increasing the SYNTAX score, 
also the LV GCS showed a similar decline. The 
complex array of myocardial architecture is formed 
mainly of longitudinal subendocardial fibers which 
are more susceptible to myocardial ischemia than 
subepicardial circumferential fibers. In the current 
study, GCS also showed an inverse correlation with 
increasing SYNTAX score which suggests that the 
effect of CAD extends to the sub-epicardial fibers 
[5]. 

The results of this study highlighted the value of 
adding LV GLS and GCS to the evaluation of pa-
tients with suspected myocardial ischemia and nor-
mal EF which could improve the pretest probability 
of myocardial ischemia and predict the anatomical 
complexity of the coronary anatomy. 
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Limitations: 
One of the limitations of this study is its small 

number of patients. Also, LV deformation is affect-
ed by variable hemodynamic and structural factors 
that resulted in the exclusion of many patients from 
the study. Moreover, the normal values for circum-
ferential strain are still not well established. 

Conclusions: 
There was a progressive decline in LV GLS and 

LV GCS with increasing SYNTAX score in patients 
with suspected myocardial ischemia and normal LV 
EF in the absence of resting wall motion abnormal-
ity. High SYNTAX score group showed worse LV 
GLS and LV GCS in comparison to low SYNTAX 
score and normal SYNTAX score. 
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