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Abstract

Objectives: To assess the relation of sphericity index to left ventricular (LV) twist in patients with ischemic cardio-
myopathy (ICM) using speckle tracking imaging.

Background: ICM is the presence of significant LV systolic dysfunction (ejection fraction (EF) ≤ 40%) secondary to 
coronary artery disease (CAD). LV twist has an important role in determining LV-EF. This twisting deformation 
depends on the angle between the epicardial and endocardial myofibers which is related to LV sphericity index. 

Methods: The study was conducted on 40 patients with ICM, EF less than 50% (patient group) and 20 normal indi-
viduals (control group). According to EF, patients were subdivided into 2 subgroups, group 1 included 20 patients 
with EF 35-50% while group 2 included 20 patients with EF less than 35%. There was a comparison between 
patient group and control group & also between the 2 patient subgroups regarding the relation of sphericity index 
to LV twist. 

Results: There was a parabolic relation between LV sphericity index and LV twist in control group, while there was 
a positive linear relation between LV sphericity index and LV twist in patient group. This linear realation remained 
present in the 2 patient subgroups.

Conclusion: LV twist is significantly influenced by LV remodeling in ICM patients. Therefore, assessment of LV 
twist may be important in the evaluation and guidance of therapies in ICM.
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Introduction

The dynamic interaction between subendocardial 
and subepicardial fiber helices in the left ventricle 
(LV) leads to a twisting deformation.1

This twisting deformation plays an important 
role in optimizing LV ejection fraction (LV-EF).2

Recently, speckle tracking echocardiography 
(STE) has been introduced as a new method for 
angle-independent quantification of LV twist.3,4

Speckles are natural acoustic markers that occur 
as small and bright elements in conventional 

grayscale ultrasound images. The speckles are the 
result of constructive and destructive interfer-
ence of ultrasound, back-scattered from structures 
smaller than a wavelength of ultrasound.5

This gives each small area a rather unique 
speckle pattern that remains relatively constant 
from one frame to the next. Therefore, a suit-
able pattern-matching algorithm can identify the 
frame-to-frame displacement of a speckle pattern, 
allowing myocardial motion to be followed in two 
dimensions. Normally, looking at the heart directly 
from the anterior wall, the LV fiber helix angle 
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simultaneously recorded. Left atrial and left ven-
tricular measurements were obtained using 2D 
guided M-Mode. LV-EF was calculated from LV 
end diastolic volume (LVEDV) and LV end sys-
tolic volume (LVESV) using the modified biplane 
Simpson method in patients with regional wall 
motion abnormalities.10

LV sphericity index was calculated by divid-
ing the LV maximal long-axis internal dimension 
by the maximal short-axis internal dimension at 
end-diastole.11

Transmitral Doppler flow velocity was obtained 
from the apical four-chamber view where peak early 
filling velocity (E) and peak atrial velocity (A) and the 
deceleration time (DT) of the E wave were recorded. 
The E/A ratio was also calculated. Parasternal short-
axis images at the LV basal level (showing the tips of 
the mitral valve leaflets) and LV apical level (just prox-
imal to the level with end-systolic LV luminal oblit-
eration) were obtained. From each short-axis level, 
three consecutive end-expiratory cardiac cycles were 
acquired, transferred to a computer (PC) worksta-
tion and analysed using analysis software (EchoPAC 
PC, version 113, GE Healthcare) for assessment of 
LV twist. To assess LV rotation, six tracking points 
were placed manually on an end-diastolic frame on 
the mid-myocardium in each parasternal short-axis 
image. Tracking points were separated about 60° 
from each other and placed on 1 (30°, anteroseptal 
insertion into the LV of the right ventricle), 3 (90°), 
5 (150°), 7 (210°), 9 (270°, inferoseptal insertion into 
the LV of the right ventricle), and 11 (330°) o’clock 
to fit the total LV circumference. After the tracking 
points were positioned, the software automatically 
tracks and accepts segments of good tracking quality 
and rejects poorly tracked segments, while allowing 
the observer to manually override its decision based 
on visual assessments of tracking quality. Rotation 
(degrees) of LV base and of LV apex was measured. 
Counterclockwise rotation was marked as a posi-
tive value and clockwise rotation as a negative value 
when viewed from the apex. LV twist was defined as 
the net difference (degrees) of apical and basal rota-
tion at isochronal time points and was auto-com-
puted by the software from the values of basal and 
apical rotation.

Statistical analysis 

Data were collected and entered to the statisti-
cal package for social science (SPSS) version 22 

varies from approximately –60° at the subendocar-
dium to +60° at the subepicardium, with the mid-
wall circumferential fibers at 0°.6,7

Shortening of this counterdirectional mantle of 
muscle fibers results in a wringing movement of 
the LV that propels blood out of the LV cavity. In 
a theoretical model by Taber et al.,8 peak systolic 
twist approximately doubled with a change in the 
epicardial/endocardial fiber angles from +90°/–90° 
to +60°/–60°, underscoring the importance of the 
arrangement of myocardial fibers for LV twist.

Furthermore, in patients with ischemic cardiomy-
opathy (ICM), differences in short-axis and long-axis 
dilatation result in changes in fiber angles that may 
further impair LV twist and thus cardiac function.9

The aim of this study is to assess the relation of 
sphericity index to LV twist in patients with ICM 
using speckle tracking imaging. 

Methods

This study was conducted on 60 individuals who pre-
sented to cardiology departement of faculty of med-
icine, Menoufia University, Egypt, during the period 
of 10 months from January 2019 to October 2019. 
They included 40 patients with ICM, EF less than 
50% (patient group), and 20 normal individuals (con-
trol group). Among the 40 ICM patients, 20 patients 
were with EF 35-50% (group 1) and the remaining 20 
patients were with EF less than 35% (group 2).

Sampling

The study group was chosen by convenient sample 
technique.

Data collection

A case record form was used.
All work was performed with the approval of the 

Menoufia ethics committee. Written informed con-
sent was obtained from all patients and subjects. All 
patients were subjected to a detailed history taking 
and clinical examination. A transthoracic echo-
cardiography was performed using a GE Vivid E9 
ultrasonographic unit (GE Vingmed, Norway) with 
an M5S probe (frequency 1.7–3.3 MHz). Subjects 
assumed the left lateral decubitus position during 
the echocardiographic examination, and ECG was 
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volume (113.8 ± 33.3 ml in patient group vs. 42.6 ± 
8.3 ml in control group; P-value = 0.001) and E/A 
ratio (1.9 ± 0.5 in patient group vs. 1.4 ± 0.2 in con-
trol group; P-value = 0.005) where they were sig-
nificantly increased in patient group. Also, there 
were statistically significant difference regarding 
LV sphericity index (1.5 ± 0.1 in patient group vs. 
1.9 ± 0.2 in control group; P-value = 0.001), LV-EF 
(35.2 ± 7.1% in patient group vs. 62.4 ± 4.1% in 
control group; P-value = 0.005) and LV twist (6.1 ± 
1.4 degrees in patient group vs. 9.7 ± 2.3 degrees in 
control group; P-value = 0.001) where they were 
significantly decreased in patient group. There was 
no significant difference in deceleration time (169 ± 
27.3 ms in patient group vs. 175.6 ± 18.4 ms in con-
trol group; P-value = 0.763) (Table 2).

Also between the 2 patient groups, there was 
statistically significant difference reagarding LV 
sphericity index (1.6 ± 0.1 in group 1 vs. 1.4 ± 0.1 
in group 2; P-value = 0.001) and LV twist (7 ± 0.9 
degrees in group 1 vs. 5.1 ± 1.2 degrees in group2; 
P-value = 0.001) where they were significantly 
decreased in group 2.

In the total study population, Regression analy-
sis revealed a positive linear relation of LV twist to 
LV-EF (R2 = 0.569; P-value = 0.001) (Figure 1). A 
parabolic relation between LV sphericity index and 
LV twist (R2 = 0.468; P-value = 0.001) was identi-
fied (Figure 2). In control group, no significant 
relation could be identified between LV twist and 
LV-EF. However, the parabolic relation between LV 
sphericity index and LV twist (R2 = 0.436; P-value = 
0.001) remained present. In patient group, a positive 
linear relation between LV-EF and LV twist (R2  = 
0.235; P-value = 0.001) was revealed by regression 
analysis. Also, a positive linear relation between LV 
sphericity index and LV twist (R2 = 0.462; P-value = 
0.001) could be identified.

In the 2 patient groups, these relationships 
between LV-EF and LV twist and between LV sphe-
ricity index and LV twist remained observable (LV-
EF < 35%: R2 = 0.385 and R2 = 0.427, respectively; 
LV-EF 35–50%: R2 = 0.274 and R2 = 0.372, respec-
tively; all P-value < 0.05).

Discussion 

LV twist describes the instantaneous circumferen-
tial motion of the apex with respect to the base of 
the heart and has an important role in determining 
LV ejection fraction.1,2

(Armnok, NY: IBM Corp.) for statistical analysis. 
Quantitative data were presented as mean ± stan-
dard deviation (SD). Student’s t-test was used for 
comparison between two groups having quantita-
tive variables. Coefficient of determination (r2) was 
used to measure the correlation between two quan-
titative variables. P-value < 0.05 was considered sta-
tistically significant, P-value < 0.001 was considered 
highly significant and P-value > 0.05 was consid-
ered non-significant.

Results

Regarding demographic data, there were 21 males 
in the patient group (52.5%) and 10 males in the 
control group (50%), there were 17 smokers in the 
patient group (42.5%) and 6 smokers in the control 
group (30%), there were 24 hypertensive patients in 
the patient group (60%) and there were 21 diabetic 
patients in the patient group (52.5%) (Table 1).

Regarding echocardiographic data, There was 
highly statistical significant difference regarding 
left atrial dimension (4.1 ± 0.4 cm in patient group 
vs. 3.4 ± 0.3 cm in control group; P-value = 0.001), 
left ventricular end-diastolic dimension (6.1 ± 
0.5 cm in patient group vs. 5 ± 0.3 cm in control 
group; P-value = 0.001), left ventricular end-sys-
tolic dimension (4.9 ± 0.6 cm in patient group vs. 
3.3 ± 0.3 cm in control group; P-value = 0.001), left 
ventricular end-diastolic volume (172.8 ± 34.7 ml 
in patient group vs. 114 ± 13.1 ml in control group; 
P-value = 0.001), left ventricular end-systolic 

Table 1  Distribution of demographic data among study 
population

Patients (40) Control (20)

Age, years Range 32–54 32–53

Mean+SD 44.5 ± 5.9 41 ± 6.2

Sex, n Male 21(52.5%) 10(50%)

Female 19(47.5%) 10(50%)

Smoking, n Yes 17(42.5%) 6(30%)

No 23(57.5%) 14(70%)

HTN, n Yes 24(60%) 0(0%)

No 16(40%) 20(100%)

DM, n Yes 21(52.5) 0(0%)

No 19(47.5%) 20(100%)

SD: standard deviation, n: number, HTN: hypertension, DM: 
diabetes mellitus	
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Table 2  Distribution of echocardiographic data among study population

Patients (40) Control (20) T test P-Value 

LAD, cm 4.1 + 0.4 3.4 + 0.3 4.502 0.001*

IVSd, cm 0.9 + 0.1 1 + 0.1 2.199 .040*

IVSs, cm 1.3 + 0.1 1.5 + 0.2 3.343 0.003*

LVPWd, cm 0.9 + 0.1 1 + 0.1 2.979 0.008*

LVPWs, cm 1.2 + 0.1 1.5 + 0.1 6.970 0.001*

LVEDD, cm 6.1 + 0.5 5 + 0.3 8.318 0.001*

LVESD, cm 4.9 + 0.6 3.3 + 0.3 11.492 0.001*

LVEDV, ml 172.8 + 34.7 114 + 13.1 5.374 0.001*

LVESV, ml 113.8 + 33.3 42.6 + 8.3 11.342 0.001*

LV-EF, % 35.2 + 7.1 62.4 + 4.1 14.637 0.001*

E/A Ratio 1.9 + 0.5 1.4 + 0.2 3.172 0.005*

DT, ms 169 + 27.3 175.6 + 18.4 0.306 0.763

LV Sphericity Index 1.5 + 0.1 1.9 + 0.2 8.637 0.001*

LV Twist, degrees 6.1 + 1.4 9.7 + 2.3 5.210 0.001*

LAD: left atrial diameter, IVSd: interventricular septal wall thickness during diastole, IVSs: interventricular septal wall thickness during 
systole, LVPWd: left ventricular posterior wall thickness during diastole, LVPWs: left ventricular posterior wall thickness during systole, 
LVEDD: left ventricular end diastolic diameter, LVESD: left ventricular end systolic diameter, LVEDV: left ventricular end diastolic volume, 
LVESV: left ventricular end systolic volume, DT: deceleration time, *: significant.
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Figure 1  Relation of LV twist to LV-EF in total study 
population.
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Figure 2  Relation of LV sphericity index to LV twist in 
total study population.

For the present study, it was hypothesized that 
the supposedly optimal myofiber helix angle of 60° 
is related to a certain LV sphericity index and that, 
therefore, either an increase or decrease in LV sphe-
ricity index would result in a decrease in LV twist. 
Assuming that the LV sphericity index may be 
related to fiber orientation,8 a decreased LV sphe-
ricity index may be related to decreased LV twist 
due to a decreased fiber angle, whereas an increased 
LV sphericity index may be related to decreased LV 
twist as well due to an increased fiber angle.

This study was conducted to explore the relation 
between LV sphericity index and LV twist in 20 
healthy volunteers and 40 ICM patients arranged 
into two groups, group 1 contains 20 patients with 
LV-EF 35–50% and group 2 contains 20 patients 
with LV-EF <35%.

Our study revealed a positive linear relation 
between sphericity index and LV twist in patients 
with ICM and a parabolic relation between spheric-
ity index and LV twist in healthy volunteers. This 
was in agreement with Floris Kauer et al.,12 who in 
2015 found an independent linear relation between 
left ventricular sphericity index and peak systolic 
twist in dilated cardiomyopathy (DCM) patients.

Our study also revealed a positive linear relation 
between LV-EF and LV twist in total study popu-
lation and in ICM patients. This was in agreement 
with Bas M. van Dalen et al.13 study that resulted 
in a positive linear relation between LV-EF and 
LV Twist in total study population and in DCM 
patients.

Also, our study demonstrated that left 
atrial dimension, left ventricular end-diastolic 
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dimension, left ventricular end-systolic dimen-
sion, left ventricular end-diastolic volume, left 
ventricular end-systolic volume and E/A ratio 
were significantly increased whereas LV spheric-
ity index, LV-EF and LV twist were significantly 
decreased in ICM patients than in healthy volun-
teers. These results were in agreement with the 
study done by Bas M. van Dalen et al.13 in 2009 
that was conducted on 45 DCM patients and 60 
age- and gender-matched healthy volunteers and 
demonstrated that LV end-systolic dimension and 
volume, LV end-diastolic dimension and volume, 
left atrial size and E-to-A ratio were significantly 
increased whereas LV sphericity index and LV-EF 
were significantly decreased in DCM patients com-
pared with healthy volunteers. Also in agreement 
with our study, Jiabao YIN et al.14 in 2011 stud-
ied thirty-nine patients with DCM and thirty-five 
controls and demonstrated that LVEDd increased 
significantly while LV-EF and LV sphericity index 
decreased significantly in patients with DCM com-
pared with controls.

Study limitations

Our study had some limitations e.g. the small num-
ber of the study population, the difficult visualiza-
tion of the true LV apex and the effect of age on LV 
twist.

Conclusion

LV twist is significantly influenced by LV remodel-
ing in ICM patients. Prevention of LV remodeling 
favorably impacts the untoward natural history of 
heart failure,15 which may be, at least partly, related 
to the preservation of LV twist. Therefore, assess-
ment of LV twist may be of importance in the eval-
uation and guidance of therapies in ICM.
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