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Abstract

Aims The aim of this pilot study was to compare selected three-dimensional speckle tracking echocardiography (3D STE) pa-
rameters in patients with ischaemic and non-ischaemic aetiology of heart failure (HF) and to identify indices that can differen-
tiate the two pathologies.
Methods and results Forty patients with left ventricular ejection fraction (LVEF) ≤ 40% were included to the study: 20 pa-
tients (age 63 ± 9.0 years, LVEF 29.0 ± 11.3%) with ischaemic cardiomyopathy and 20 patients (age 64.0 ± 11.0 years, LVEF
27.3 ± 7.5%) with non-ischaemic cardiomyopathy. All patients underwent two-dimensional (2D) and three-dimensional (3D)
transthoracic echocardiography. Standard echocardiographic parameters, global longitudinal strain, and rotational parameters
of left ventricle (LV) were assessed using 3D speckle tracking (3D STE). There were no differences in standard and STE param-
eters between the two groups. Among rotational parameters, the LV apical rotation (4.9 ± 3.5° vs. 2.3 ± 2.4°, P = 0.0022) was
significantly higher in patients with ischaemic HF. Among all echocardiographic parameters, a cut-off value of 3.28° (area under
the curve 0.78; 95% confidence interval, 0.62 to 0.93) was able to distinguish the ischaemic and non-ischaemic aetiology of HF
with a sensitivity of 80% and specificity of 75%.
Conclusions This is the first study that compares 3D STE parameters between patients with ischaemic and non-ischaemic
cardiomyopathy. It was proved that the apical rotation was significantly higher in patients with ischaemic cardiomyopathy.
Our findings suggest that 3D STE might be useful in non-invasive differentiation between ischaemic and non-ischaemic
aetiology of HF.
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Introduction

Echocardiography is the first line imaging modality for heart
failure (HF) diagnosis and treatment-effect monitoring. It en-
ables us to evaluate myocardial deformity and thereby the as-
sessment of global and regional functions. There has been a
technological transition of myocardial deformation analysis

from tissue Doppler imaging to two-dimensional (2D)1 and
the latest three-dimensional (3D) speckle tracking echocardi-
ography (STE) methods.2

Despite significant improvements in available HF treatment
regimens, the 12-month all-cause mortality of 17% in hospi-
talized patients and 7% in stable or ambulatory patients re-
mains high. Ischaemic heart disease is the most common
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cause of HF and is associated with worse prognosis compared
with patients with non-ischaemic aetiology.3,4 Therefore,
taken into consideration the potential specific treatment
strategy of ischaemic HF, it is important to differentiate it
from non-ischaemic HF.5

Regarding prognosis and different therapeutic approaches,
HF aetiology is usually specified with cardiac magnetic reso-
nance (CMR), computed tomography, or invasive coronary
angiography.6–8

The 3D STE with its capability to analyse the myocardial
mechanics is a cost-effective imaging modality. Its applicabil-
ity and clinical relevance in the differentiation between isch-
aemic and non-ischaemic cardiomyopathy (NICM) lack
sufficient data.

For that purpose, we designed a study where we analysed
selected 3D STE parameters and their difference between pa-
tients with ischaemic cardiomyopathy (ICM) and NICM in or-
der to find potential parameters capable of identifying HF
aetiology.

Methods

Study population

We prospectively recruited 40 consecutive patients referred
to the Cardiology Department of East Slovakian Institute of
Cardiovascular Disease who underwent transthoracic echo-
cardiography (TTE) and coronary angiography, with New York
Heart Association functional class II or III symptomatic HF, left
ventricular ejection fraction ≤ 40% with wall motion abnor-
mality in the anterolateral and apical wall, and good quality
of echocardiographic recordings.

The inclusion criteria for the ICM group were ischaemic
heart disease defined as prior history of myocardial infarction
or coronary revascularization or ≥75% stenosis of at least one
epicardial coronary artery. The inclusion criteria for NICM
group were no history of myocardial infarction, ischaemic
heart disease, and absence of epicardial coronary artery
stenosis ≥ 50%. Patients with left ventricular aneurysm, con-
genital heart disease, hypertrophic cardiomyopathy, restric-
tive cardiomyopathy, pericardial diseases, significant
valvular disease, uncontrolled heart rate, left bundle branch
block, implanted pacemaker, HF due to untreated valvular
heart disease, or with significant renal dysfunction (estimated
glomerular filtration rate < 30 mL/min/1.73 m2) were ex-
cluded from both groups.

All procedures performed were in accordance with the
ethical standards of the Helsinki Declaration from 1975. Ap-
proval was given by the local institutional ethical commit-
tee. All enrolled patients provided written informed
consent.

Echocardiographic protocol

The 2D and 3D TTE were performed in each patient, using Sie-
mens SC2000 ultrasonograph with 2.5–3.75 MHz and 4Z1c
transducer (Siemens Medical Solutions, Inc., Mountain View,
California, United States).

The 3D STE was used for the assessment of the left ventri-
cle (LV) global longitudinal strain and rotation parameters.
For Doppler and 3D STE measurements, three cycles in sinus
rhythm and five cycles in atrial fibrillation were averaged. The
average frame rate of the 3D STE images was 18 Hz.

The echocardiographic protocol adhered to the recom-
mendations for chamber quantification of the American Soci-
ety of Echocardiography and the European Association of
Cardiovascular Imaging and to the expert consensus docu-
ment of the European Association of Cardiovascular
Imaging.9,10

The echocardiographic variables were analysed offline
using the Image Arena Workstation (Tom Tec, Munich,
Germany). Measurements were performed by a senior reader
certified in echocardiography and blinded to the patients’
clinical data and outcomes.

Left ventricular ejection fraction, end diastolic, and end
systolic volumes were assessed by a modified biplane
Simpson’s rule. LV mass and its indexed values (indexed to
body surface area in square metre) were calculated using
the formula by Devereux et al.11

LV diastolic filling was assessed by pulsed wave Doppler
echocardiography from trans-mitral flow. The peak E wave
velocity (early filling wave), transmitral Doppler E wave decel-
eration time, and peak A wave velocity (late filling wave)
were measured. Myocardial velocity of the basal interventric-
ular septum was assessed by pulsed wave tissue Doppler
echocardiography in systole (Sm) and diastole (Em). E/Em ra-
tio was calculated as a measure of left ventricular filling pres-
sure. Left atrial volume was measured by the biplane
Simpson’s method in apical four-chamber and two-chamber
views and indexed to body surface area.

Out of 3D data set, five 2D cross-sectional planes were
generated for tracking the endocardium and epicardium:
an apical four-chamber plane, an orthogonal two-chamber
plane, and a three short-axis planes (near the apex, mid-
level, and the base of the LV). LV endocardium and epicar-
dium were traced automatically by the 3D wall motion track-
ing software. Verification and manual adjustment were
performed on a basis of the 2D cross-sectional planes where
needed. LV was divided by the software into 16 segments to
assess the magnitude and timing of the regional myocardial
deformation according to the American Society of Echocardi-
ography and the European Association of Cardiovascular
Imaging.9 The 3D wall motion tracking enabled simultaneous
determination of global longitudinal, circumferential, and ra-
dial systolic strain as well as rotation of all the 16 LV seg-
ments. The average rotational magnitude of the six basal
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(anterior, antero-septal, infero-septal, inferior, infero-lateral,
and antero-lateral) and four apical (septal, inferior, lateral,
and anterior) segments was calculated. LV twist was derived
from the systolic rotation of the apical relative to the basal
segments. Division of the LV twist by the distance between
the apical and basal segments yielded torsion.

To assess intra-observer reproducibility, the same observer
blinded to the patients’ clinical data and outcomes performed
the analysis on 10 random patients at an interval of several
months to avoid recall bias. To assess inter-observer repro-
ducibility, analysis was performed on the same patients by
a second observer who was blinded to the patients’ data
and the results of the first observer.

Statistical analysis

Continuous variables were expressed as means ± standard
deviation. Categorical variables were expressed as N (%). Nor-
mality of data was assessed using a Shapiro–Wilk test. Un-
paired Student’s t-test and Mann–Whitney were used to
compare continuous variables as appropriate. Fisher’s exact
test was used for categorical data. Receiver operating charac-
teristic (ROC) curve together with respective values of sensi-
tivity, specificity, and accuracy at various cut-off levels of
the selected parameter were calculated to evaluate the diag-
nostic performance. The estimates are presented together
with 95% confidence intervals. Intra-observer and
inter-observer reproducibility were assessed using

intra-class correlation coefficient. The effect of explanatory
variables was evaluated using logistic regression analysis.
P ≤ 0.05 was considered statistically significant. Data were
analysed using StatsDirect statistical software version 3.1.22
(http://www.statsdirect.com).

Results

In total, 40 patients, 34 male patients and 6 female patients
with a mean age of 63 ± 10 years were enrolled into this
study. Twenty consecutive patients in the ICM group and 20
consecutive patients in the NICM group, respectively. Table 1
shows the baseline demographics between the ICM and
NICM patients. There were no significant differences be-
tween the groups in terms of age, body mass index, blood
pressure, heart rhythm, baseline New York Heart Association
status, cardiovascular comorbidities, or concomitant drug
therapy. Table 2 shows volumetric data and functional pa-
rameters for the ICM and NICM groups. There were no differ-
ences in standard TTE and STE parameters among patients
with ischaemic and non-ischaemic aetiology, including global
longitudinal strain (�8.0 ± 4.5 vs.�8.4 ± 2.9%, P = 0.731). Sig-
nificant difference was found in apical LV rotation (AR). ICM
patients had higher CR (4.9 ± 3.5° vs. 2.3 ± 2.4°, P = 0.0022)
compared with the NICM group (Figure 1). Figures 2 and 3
show 3D echocardiographic assessment of LV parameters in
ICM and NICM, respectively.

Table 1 Baseline characteristics

ICM12 NICM12 P value

Age (years) 62.55 ± 9.04 64.00 ± 10.95 0.65
Sex (male) (%) 19 (95) 15 (75) 0.18
SBP (mmHg) 135.61 ± 21.82 124.75 ± 15.60 0.09
DBP (mmHg) 81.28 ± 13.72 77.50 ± 15.94 0.44
Height (cm) 172.00 ± 6.15 170.20 ± 7.95 0.43
Weight (kg) 83.00 ± 11.94 80.75 ± 12.81 0.57
Body mass index (kg/m2) 28.29 ± 3.79 28.00 ± 3.55 0.80
Heart rate (bpm) 74.90 ± 14.49 73.90 ± 12.89 0.89
DM. n (%) 9 (45) 6 (30) 0.51
Hypercholesterolemia (%) 12 (60) 6 (30) 0.11
Creatinine (umol/L) 115.21 ± 20.79 116.50 ± 30.91 0.88
AFib (%) 7 (35) 6 (30) P > 0.99
NYHA class II (%) 3 (15) 2 (10) P > 0.99
NYHA class III (%) 16 (80) 18 (90) 0.66
Beta blockers (%) 18 (90) 17 (85) P > 0.99
ACEi/ARB (%) 18 (90) 13 (65) 0.13
Aldosterone antagonist (%) 14 (70) 9 (45) 0.20
Akinesia in ALAW (%) 5 (26) 3 (16) 0.46
Myocardial infarction (%) 3 (16) 0 Not applicable
PCI/CABG (%) 7 (35) 0 Not applicable

ACEi/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; Afib, atrial fibrillation; ALAW, anterolateral and apical
wall; CABG, coronary artery bypass grafting; DBP, diastolic blood pressure; DM, diabetes mellitus; ICM, ischaemic cardiomyopathy; NICM,
non-ischaemic cardiomyopathy; NT-proBNP, N terminal pro b-type natriuretic peptide; NYHA, New York Heart Association; PCI, percuta-
neous coronary intervention; SBP, systolic blood pressure.
Data as mean ± standard deviation or n (%).
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After adjustment for history of myocardial infarction and
presence of akinesia in anterolateral and apical wall region,
only apical rotation remained significantly associated with
ICM (odds ratio: 1.54; P = 0.025; Table 3).

Based on the ROC analysis, the AR value of 3.28° had 80%
sensitivity and 75% specificity for the prediction of HF
aetiology (area under the curve 0.78, 95% confidence inter-
val, 0.62–0.93; Figure 4).

Intra-class correlation coefficients of the intra-observer
and inter-observer reproducibility for of the STE parameters
were >0.9 (Table 4).

Discussion

Our pilot study is the first one to demonstrate that AR mea-
sured by 3D TTE is significantly different between ICM and
NICM patients. Based on the best-case scenario ROC analysis,
the cut-off value of 3.28° differentiated the ischaemic from
the non-ischaemic HF aetiology.

For the study, we preferred 3D over 2D TTE. The 2D echo-
cardiography has pre-specified imaging planes that show lim-
ited information from the whole LV myocardium unlike the
3D echocardiography, which has the ability to display all myo-
cardial segments simultaneously in multi-level slices, offering
a comprehensive assessment of the entire LV myocardial per-
formance. Fixed 2D cutting planes lose speckles during frame-
by-frame speckle tracking analysis during through-plane mo-
tion of the heart. In 3D STE, speckles of the entire myocar-
dium are tracked omnidirectionally in 3D space and
therefore out-of-plane motion speckle tracking errors are
eliminated. 3D STE enables simultaneous and more accurate
measurement of rotations in the basal and apical short-axis
planes and the distance between the planes. Moreover, com-
pared with 2D, 3D echocardiography has been shown to bet-
ter correlate with CMR, which is recognized as the reference
standard non-invasive technique for measurement of myo-
cardial strain and rotational parameters.13,14

Figure 1 Box and whisker plot. ICH, ischaemic cardiomyopathy; NICH, non-ischaemic cardiomyopathy.

Table 2 Volumetric data and functional parameters

ICM (20) NICM (20) P value

LVAR, ° 4.91 ± 3.48 2.29 ± 2.36 P < 0.01
LVBR, ° �2.21 ± 2.39 �2.80 ± 1.71 0.14
Twist, ° 5.25 ± 4.51 3.48 ± 3.31 0.15
Torsion, °/cm 0.65 ± 0.59 0.43 ± 0.39 0.17
GLS, % �7.99 ± 4.49 �8.40 ± 2.93 0.73
EF, % 29.03 ± 11.26 27.25 ± 7.52 0.56
EDV, mL 168.08 ± 52.83 170.83 ± 62.45 0.88
ESV, mL 120.45 ± 47.61 126.53 ± 55.29 0.84
LAV, mL 76.77 ± 45.88 67.35 ± 29.80 0.61
LAVI, mL/m2 40.09 ± 25.52 37.32 ± 15.01 0.99
SDI, % 7.99 ± 4.19 9.83 ± 5.39 0.37
EDT, ms 167.06 ± 71.32 215.15 ± 114.84 0.13
E/A 1.61 ± 1.47 1.27 ± 1.17 0.28
E/Em 14.94 ± 9.16 12.84 ± 5.02 0.70

EDV, end-diastolic volume; EDT, E wave deceleration time; EF, ejec-
tion fraction; Em, tissue Doppler early diastolic myocardial velocity
of the basal septum; ESV, endsystolic volume; GLS, global longitu-
dinal strain; ICM, ischaemic cardiomyopathy; LAV, left atrial vol-
ume; LV AR, left ventricular apical rotation; LV BR, left ventricular
basal rotation; NICM, non-ischaemic cardiomyopathy; SDI, systolic
dyssynchrony index.
Data as mean ± standard deviation.
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The LV consists of obliquely oriented muscle fibres that
vary from a smaller radius, right-handed helix at the
sub-endocardium to a larger radius, left-handed helix at
the sub-epicardium. The functional consequence of this

three-dimensional helical structure is a cyclic
systolic twisting deformation, resulting from clockwise basal
rotation and anticlockwise apical rotation (as seen from
the apex).15

Figure 3 Three-dimensional echocardiographic assessment of left ventricular rotational parameters in non-ischaemic cardiomyopathy. EDV, end dia-
stolic volume; ESV, end systolic volume; SV, stroke volume; EF, ejection fraction; GLS, global longitudinal strain.

Figure 2 Three-dimensional echocardiographic assessment of left ventricular volumetric parameters in ischaemic cardiomyopathy.
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Rotation is very important for clinical practice as it refers to
the angular myocardial rotation in each short-axis plane
around the LV longitudinal axis and is expressed in degrees
or radians. By convention, anticlockwise rotation is assigned
a positive value whereas clockwise rotation is given a nega-
tive value. During isovolumic contraction, an initial global an-
ticlockwise rotation of the heart occurs, as can be seen from
the cardiac apex. During ventricular ejection, the apex con-
tinues its anticlockwise rotation whereas the base rotates in
a clockwise direction. In the isovolumic relaxation phase,
the apex recoils rapidly with clockwise rotation to generate
a steep decay of ventricular pressure and an active suction
force. Untwisting of the LV is completed in early diastole.

Last but not least, twist is defined as the absolute apex-to-
base difference in rotation and is expressed in degrees or ra-
dians. The direction of LV twist is determined by the
sub-epicardial fibres. The ratio of the twist and LV length is
torsion in degrees or radians per centimetre.16 Twist plays a

pivotal role in the mechanical efficiency of the heart, allowing
that only 15% fibre shortening results in a 60% reduction of
the LV volume.17

In coronary artery disease (CAD), loss of contraction of the
counteracting subendocardial fibres will lead to dominant ac-
tion of the sub-epicardial fibres and maintaining the direction
of apical rotation. LV torsion impairs due to impaired basal ro-
tation, whereas apical rotation does not impair at the same
rate, suggesting a compensatory role.18

Kroeker et al., 19 using an optical device coupled to the LV
apex in 16 open-chest dogs, found a decrease of LV apical ro-
tation with ischaemia caused by occlusion of the left anterior
descending coronary artery. In the first 10 s of occlusion,
however, there was a paradoxical increase in LV apical

Figure 4 Receiver operating characteristic curve for the apical rotation.

Table 4 Intra-observer and inter-observer reproducibility

ICC for intra-observer
reproducibility

ICC for inter-observer
reproducibility

LVAR, ° 0.95 0.98
LVBR, ° 0.99 0.99
Twist, ° 0.96 0.93
Torsion, °/
cm

0.94 0.92

GLS, % 0.95 0.95

GLS, global longitudinal strain; ICC, intra-class correlation coeffi-
cient; LV AR, left ventricular apical rotation; LV BR, left ventricular
basal rotation.

Table 3 Multivariate analysis

Odds ratio
(95% confidence

interval) P value

LVAR, ° 1.54 (1.06–2.24) 0.025
MI 0.74 (0.28–55.54) 0.75
Akinesia in ALAW 3.96 (0.11–4.94) 0.30

ALAW, anterolateral and apical wall; LV AR, left ventricular apical
rotation; MI, myocardial infarction.
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rotation, which was attributed to isolated sub-endocardial is-
chaemia leading to loss of counteractive action of the
sub-endocardial helix of myofibres.

In contrast to CAD, the patients with NICM have impair-
ment of sub-endocardial and sub-epicardial myocardial layer.
That leads to the loss of dynamic interaction between oppos-
ing oriented myocardial fibres and to the decrease in apical
rotation, up to the change of its rotational direction. There-
fore, the value of AR is lower compared with CAD. This find-
ing is confirmed by Ojaghi Haghighi et al. trial.20 The authors
demonstrated that systolic torsion in NICM was characterized
by an interruption of anticlockwise apical rotation before the
systole termination. The size and shape of the LV are gradu-
ally changing with its remodelling, which also changes the ro-
tational parameters.

Differentiating the ICM from the NICM is of paramount im-
portance due to the different prognosis and treatment
strategies.4,6 Coronary angiography is a gold standard
method to diagnose the CAD. Despite its routine use in the
clinical practice, it is time requirements, radiation load, and
periprocedural complications that make it a complex exami-
nation with strict indications.12 Patients without any signifi-
cant coronary artery stenosis and without the detection of
any other cause of ejection fraction reduction are usually di-
agnosed with NICM..15 On the other hand,
gadolinium-enhanced magnetic resonance imaging is a pow-
erful non-invasive technique to distinguish NICM from LV dys-
function related to CAD. It was demonstrated that patients
with CAD or with documented recanalization after an occlu-
sive coronary event or embolization from unstable plaque
had sub-endocardial or trans-mural gadolinium enhancement
that indicated the fibrosis in this area. Late gadolinium en-
hancement clearly distinguished patients without CAD, and
it has been suggested that CMR is a suitable method to differ-
entiate HF caused by CAD and NICM.21

CMR has significant limitations such as complex patient
preparation requirement, long duration of the examination,
costs, potential radiation load, and periprocedural complica-
tions make their routine use difficult. Therefore, 3D STE might
be the new modality capable of replacing these labourious
imaging methods in differential diagnosis between the ICM
and NICM. According to our knowledge, the functional pa-
rameters of the ICM and NICM assessed by the 3D STE were
not studied before, and this is the first demonstration of the
3D STE potential utility in differentiation between the ischae-
mic and non- ischaemic aetiology of the HF.

Limitations

The study has some limitations. The low spatial resolution of
3D wall motion tracking could affect the delineation of endo-
cardial and epicardial layers and, in turn, the accuracy of
tracking.

CAD is the cause of HF if a history of prior myocardial in-
farction, revascularization (surgical or percutaneous) is pres-
ent, or if ≥75% stenosis of the left main coronary artery,
proximal left anterior descending artery, or at least two epi-
cardial coronary vessels are present.22 In our study, we con-
sidered the presence of at least one epicardial coronary
vessel stenosis ≥ 75% for an ischaemic aetiology of HF. As al-
ready mentioned previously, magnetic resonance imaging is a
precise non-invasive method distinguishing ICM from NICM.
Its use as a gold standard to compare with 3D STE would be
beneficial for obtained results validation. Due to the absence
of data comparing rotational parameters in ICM and NICM,
we could not perform a formal power analysis. Hence, we
cannot exclude a difference in other rotational parameters
if bigger cohort was investigated. Despite intra-observer and
inter-observer reproducibility of the STE measurements were
assessed, repeat echocardiograms for test/re-test reproduc-
ibility were not performed. The average frame rate of the
3D STE images was 18 Hz, which is the lower limit of accept-
able temporal resolution. Finally, this is a pilot study, so the
sample size is relatively small, and sensitivity and specificity
of the AR threshold were not tested on a validation cohort.

Conclusions

In conclusion, our study showed that ICM is associated with
higher values of AR compared with NICM. The cut-off value
of 3.16° enables us to distinguish ICM and NICM and makes
the AR a potential echocardiographic parameter of LV systolic
dysfunction aetiology evaluation. This parameter assessed by
3D STE could be favourable in ascertainment of aetiology, risk
stratification and so adequate treatment of HF patients. The
great advantage of 3D STE is its relatively good availability,
lower cost, time savings, and use of ultrasound beam instead
of ionizing radiation. However, further validation of the AR is
necessary in order to use it in clinical practice.
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