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Abstract

Introduction: Two-dimensional speckle tracking echocardiography (2DSTE)
has been recommended as a helpful tool for assessing cardiac function. A
mean global longitudinal strain (GLS) value of >18% has been one of the
recommended normal cut-off limits. Little is known about the perfor-
mance of GLS and its impact in daily practice.

Method: Between October 2013 and January 2014, in 482 consecutive pa-
tients undergoing transthoracic echocardiography, 2DSTE was attempted
from the three apical views (resulting in mean GLS values). Diagnoses,
echocardiographic findings and image quality were collected. All studies
were done with the GE Vingmed System E9 (AFI algorithm) and analysed
during the study or offline for interobserver variability.

Results: In 447 patients (93%), 2DSTE was feasible. The most important re-
asons for inability to do 2DSTE identified were poor echocardiographic
image quality, atrial fibrillation and/or a higher body mass index (all
p <0.001). Interobserver variability was acceptable with an intraclass cor-
relation coefficient of 0.952 (95% confidence interval 0.919-0.972). Of
those patients in whom 2DSTE was feasible, mean ejection fraction was 58
+ 10%; regional wall motion abnormalities were present in 139 patients
(31%) and left ventricular hypertrophy in 78 (17%). Mean GLS was 17.4
4.6% (in excellent image quality 18.9 + 3.2% versus 16.4 = 4.5% in poor
image quality; p = 0.006). A GLS of less than 18% was present in 211
(47.2%) and less than 16% in 124 patients (27.7%). In 136 patients (30.4%)
GLS imaging identified abnormal left ventricular myocardial segments not
explained by scarring or left ventricular hypertrophy.

Conclusion: Assessment of GLS by 2DSTE is feasible in most and depend-
ent on image quality, body mass index and atrial fibrillation. Reproducibil-
ity is high with acceptable intra- and interobserver variability. GLS
provides additional information, however, often showing nonspecific ab-
normalities. Using only a cut-off value of >18% may not be reasonable as
an average number does not reflect regional abnormalities. Thus for eve-
ryday practice average GLS should be provided routinely supplemented
by information on abnormal segments.
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Two-dimensional speckle tracking echocardiography
(2DSTE) has been recommended as a helpful tool for
quantifying left ventricular (LV) function and for prog-
nosis [1-3]. By angle-independent tracking of small
myocardial features frame to frame within grayscale
B-mode images, local displacement is used to measure
myocardial deformation (strain), strain rate and myo-
cardial velocities, in any direction within the image
plane [4]. This new method has been validated against
sonomicrometry [4, 5], tagged magnetic resonance
imaging [6] and clinically against Doppler tissue imag-
ing (DTI) [7].

Using the 16- to 18-segment bullseye map, regional as
well as global average strain can be evaluated [1]. Longi-
tudinal strain, especially global longitudinal strain
(GLS), has shown excellent reproducibility [8, 9]. GLS
has been recommended for diagnosis of coronary
artery disease and myocardial ischaemia, especially in
combination with wall motion score index [10, 11], to
evaluate prognosis in patients with heart failure [12-
14], to diagnose amyloid heart disease [15] and to assess
myocardial function in patients with diabetes [16], var-
ious cardiomyopathies including hypertrophic cardio-
myopathy, valvular heart disease [17, 18], or congenital
heart disease [8, 19].

Even though a GLS value of >19.7% was considered
a normal value in a recent meta-analysis [20], a GLS
value of >16-18% has been recommended as the cut-off
limit for normal versus abnormal [21, 22]. However,
there is no official cut-off recommended in the recently
published guidelines [23]. Little is known about the
feasibility, impact and reproducibility of 2DSTE in
daily practice [24].

The aim of this study was to evaluate feasibility and
intra- and interobserver variability of 2DSTE in daily
practice in consecutive patients, to analyse its clinical
impact when used by experienced physicians in their
daily work with patients, and to identify reasonable
and advisable cutoffs of average GLS for routine prac-
tice.
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Methods

Study population

All consecutive patients undergoing standard trans-
thoracic echocardiography at the Cardiovascular Cen-
tre Zirich, Klinik Im Park, Zirich, Switzerland,
between 1 October 2013 and 31 January 2014 were
included in this study. There were 482 patients, and
every patient was included only once, even if they were
examined several times (in which case, only the last
study was included).

Demographic and clinical characteristics including age
and gender, clinical parameters such as body mass in-
dex (BMI), cardiovascular risk factors (arterial hyper-
tension, coronary artery disease and diabetes) and
additional information (rhythm, bundle-branch block,
pacemaker rhythm) were acquired from the patient’s
medical record.

The study was approved by the local ethics committee
and patient consent forms were present according to
its guidelines.

Echocardiographic image acquisition
Echocardiographic parameters

Standard transthoracic echocardiography was per-
formed on all patients at rest in the supine position,
according to guidelines [25]. Left ventricular end-
diastolic diameter, end-diastolic volume, end-systolic
diameter, shortening fraction, muscle mass index and
ejection fraction, regional wall motion and diastolic
function were measured and assessed as recom-
mended by the European Association of Echocardio-
graphy [25-27]. Pulmonary hypertension was defined as
an estimated systolic right ventricular pressure of
>36 mm Hg and measured as previously recommended
[28].

Acquisition of myocardial strain images

In addition, 2DSTE was attempted from the three apical
views, resulting in average GLS values. The frame rate
was at least 50 frames per second as recommended
[29]. GLS, which analyses myocardial deformation (rel-
ative length change of the LV myocardium between
end-diastole and end-systole), was evaluated using the
three apical views (apical long axis, apical two-cham-
ber and apical four-chamber view). GLS was calculated
by averaging the peak strain values of the 18 segments
[30]. The semi-automatic AFI algorithm (Automated
Function Imaging, GE Healthcare, Horten, Norway)
was used.

All diagnoses, echocardiographic parameters and
image quality (excellent, average, poor) were prospec-
tively collected and analysed.
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If two or more of the 18 segments could not be ana-
lysed, GLS was defined as not feasible. All studies were
done with the GE Vingmed System E9 4D BT12 and ana-
lysed during the study (or offline for inter- and intra-
observer reliability on the Echopac system).

Analysis of additional information

of myocardial strain images

In all patients, the findings of speckle tracking imaging
were analysed in addition to the normal analysis of
standard 2D and Doppler echocardiographic images. If
speckle tracking gave possible additional diagnostic
information defined as at least two myocardial seg-
ments with <14% on speckle tracking and no other
explanation (scar, hypertrophy), this was indicated as
new diagnostic information such as described for
Fabry disease by Morris [31], changes of speckle track-
ing compatible with cardiac amyloidosis as described
by Liu [32] and/or changes of speckle tracking indicat-
ing possible dyssynchrony [33].

Reproducibility of 2D speckle tracking
echocardiographic study data

In order to assess intraobserver variability, 2DSTEs and
measurements of GLS were repeated in 54 randomly
selected subjects. For interobserver variability, 2D
strain was analysed in 60 patients by a second experi-
enced observer who was unaware of the results of the
first observer. These 60 patients were selected to be a
balanced sample representative of the three classes of
image quality.

Statistical analysis

Continuous data are expressed as means and standard
deviations, nominal data as frequencies with percent-
ages. Results are displayed in tables or as correlation
plots in the figures. Student’s t test was used to com-
pare continuous data. A p-values of <0.05 was consid-
ered statistically significant. Inter- and intraobserver
reliability was assessed using intraclass correlation
coefficient (ICC) in a two-way mixed model (absolute
agreement). The confidence interval (CI) was indicated
where necessary. Categorical data are compared using
the chi-square test or Fisher’s exact test as appropriate.
With stepwise linear regression analysis, image qual-
ity, coronary artery disease, hypertension, diabetes,
presence of scar, presence of left ventricular hyper-
trophy, ejection fraction, systolic blood pressure, heart
rate and BMI were included in a stepwise manner, to
see if the influence of these parameters on GLS re-
mains an independent predictor of GLS (441 patients).
The correlation of GLS with ejection fraction was calcu-
lated.
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Statistical analysis was performed using IBM SPSS
Statistics, version 22 (IBM Corp., Armonk, NY, USA).

Results

It was possible to do 2DSTE in 447 cases (92.7%). The
most important reasons for inability to do 2DSTE in
35 patients (7.3%) were higher BMI (17 patients), poor
image quality (14 patients, 7 of whom were obese), and/
or atrial fibrillation (11 patients). In 56% of patients with
poor echoquality, GLS could not be done. In 23 of the
447 patients (5%), one or two myocardial segments
could not be analysed.
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Figure 1: The correlation of global longitudinal strain (GLS)
with left ventricular ejection fraction (EF) is shown. Correla-
tion coefficient R2 = 0.433.
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The mean GLS was 17.4 +4.6% A GLS of less than 16% was
present in 124 patients (27.7%) and of less than 18% in
211 patients (47.2%).

The baseline characteristics of the included patients
(2DSTE possible) are listed in table 1. There were slightly
more males. Mean age was 63 + 16 years. Obesity (BMI
>30 kg/m? was present in 13%. There was a high preva-
lence of arterial hypertension and known coronary
artery disease. Atrial fibrillation was present in 5.6% of
patients. Hypertrophic cardiomyopathy and amyloid-
osis were rare. GLS correlated best with left ventricular
ejection fraction (fig. 1). In patients with GLS <18%, a
higher age, male gender, hypertension, obesity, left
bundle-branch block, coronary artery disease, diabetes
and arrhythmias were more prevalent.

The echocardiographic parameters are displayed in
table 2. Echocardiographic image quality had a signifi-
cant impact on GLS: in patients with excellent image
quality GLS was 18.9 + 3.2% versus 16.4 + 4.5% in those
with poor image quality; p = 0.006. A higher BMI had
an impact on image quality. In table 3, multivariate
regression shows that GLS correlates independently
with the ejection fraction, left ventricular hyper-
trophy, heart rate and the presence of scarring. There
was no correlation of GLS with systolic blood pressure
in our series.

An echocardiographic examination showed a normal
left ventricle (no regional wall motion abnormalities
RWMA, no hypertrophy), normal diastolic function,
normal heart valves and normal pulmonary artery
pressure in 81 patients. In 12 of these 81 patients, GLS

Table 1: Clinical characteristics of all 447 patients.

All (447 pts) GLS 218% GLS <18% p value GLS >16% GLS <16% p value
236 pts (52.8%) 211 pts (47.2%) cut-off 323 pts 124 pts (27.7%) cut-off
-18% -16%
Age, years 63.3+16 60.2 + 16.1 66.8 + 15.3 <0.001 61+ 16 69.3+ 14 <0.001
Male gender 246 (55%) 104 (44.1%) 142 (67.3%) <0.001 161 (50%) 85 (68.5%) <0.001
BMI, kg/m? 25.2+4.2 24.7 +3.9 257 +4.5 0.003 24.9+4.0 25.9+4.6 0.018
BMI >30 kg/m? 59 (13.2%) 25 (10.6%) 34 (16.1%) 0.054 39 (12.1%) 20 (16.1%) 0.33
Hypertension 219 (49%) 93 (39.4%) 126 (59.7%) <0.001 148 (45.8%) 71 (57.3%) 0.028
BP syst, mm Hg 137 £ 22 138 + 21 136 + 22 0.20 139+ 21 133+22 0.01
Heart rate, bpm 71 +14 69 +13 74 + 15 0.002 69 +12 76 £ 17 <0.001
Diabetes 34 (7.6%) 8 (3.4%) 26 (12.3%) <0.001 19 (5.9%) 15 (12.1%) 0.063
Known CAD 128 (28.6%) 44 (18.6%) 84 (39.8%) <0.001 78 (24.1%) 50 (40.3%) 0.002
Prior MI 40 (8.9%) 10 (4.2%) 30 (14.2%) <0.001 23 (7.1%) 17 (13.7%) 0.064
Complete LBBB 29 (6.5%) 2 (0.8%) 27 (12.8%) <0.001 4 (1.2%) 25 (20.2%) <0.001
Rhythm (444 pt) 234 pts 210 pts <0.001 321 pts 123 pts <0.001
—sinus rhythm 394 (88.8%) 232 (99.1%) 162 (77.1%) 314 (97.8%) 80 (65%)
- afib 25 (5.6%) 0 25 (11.9%) 4 (1.2%) 21 (17.1%)
- PM rhythm 25 (5.6%) 2 (0.9%) 23 (11%) 3(0.9%) 22 (17.9%)
Pts = patients; GLS = global longitudinal strain; BMI = body mass index; BP = blood pressure; syst = systolic; bpm = beats per minute; CAD = coronary artery disease;
MI = myocardial infarction; LBBB = left bundle-branch block; afib = atrial fibrillation; PM = pacemaker; HCM = hypertrophic cardiomyopathy.
* biopsy proven
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Peak Systolic Strain

Figure 2: A 60-year-old patient with a previous large anterior myocardial infarction. She
has no left bundle-branch block. Her left ventricular ejection fraction was 43%, the left
ventricular volume index 83 ml/m? body surface area, but her GLS was severely dimin-
ished at —7.3%, better reflecting more left ventricular impairment than the ejection frac-
tion suggests. Because of apical aneurysm and thus diminished echoquality, two
segments could not be assessed (x).

Peak Systolic Strain

Figure 3: A 54-year-old patient who presented with dyspnoea on exertion. Biplane left
ventricular ejection fraction was 63%, and he had diastolic dysfunction and increased
left ventricular wall thickness up to 13 mm. His GLS was -9.7% with a pattern sugges-

tive of amyloid heart disease. Further evaluation was performed and revealed AL amy-
loidosis.
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was <18% (15%); these patients were significantly older
(p <0.001), they had significantly more often hyperten-
sion (p = 0.0002) and coronary artery disease (p = 0.02);
however, there was no correlation with obesity, gender,
or diabetes in this patient group. In the whole patient
group, mean ejection fraction was 58 + 10%; regional
wall motion abnormalities were present in 139 patients
(31%), left ventricular hypertrophy in 78 patients (17%),
hypertrophy of the basal septum in 15%, and abnormal
diastolic function in 164 of 396 patients (41%). Exam-
ples of individual patients are shown in figures 2 to 5.
In 136 patients (30.4%), GLS provided additional infor-
mation such as signs for abnormal myocardial regions
(126 patients) including patients with segmental wall
abnormalities of unknown aetiology and/or possible
dyssynchrony, or indirect signs for possible amyloid-
osis (10 patients), which so far has been confirmed by
myocardial biopsy in four of these patients.
Interobserver variability was 0.952 (95% CI 0.919-0.972)
and no correlation with echocardiographic quality
could be seen (fig. 6). Intraobserver variability for GLS
was 0.92 (95% CI 0.861-0.952).

Discussion

Assessment of GLS with 2DSTE is feasible in most
patients. Feasibility is critically dependent on image
quality, BMI and the presence of atrial fibrillation. Re-
producibility is good, with acceptable intra- and inter-
observer variablity, and not dependent on image qual-
ity. To use any cut-off may not be reasonable as
decreased values can be observed in normal hearts due
to diminished image quality and abnormal segments
can be present even in hearts with a rather high and
thus “normal” GLS. In some patients with otherwise
normal echocardiographic findings, GLS may identify
subtle myocardial changes not identifiable otherwise.
We are convinced that GLS provides useful additional
information and should be integrated into routine
practice.

Feasibility and reproducibility

Feasibility of GLS in our patient group was excellent, at
92.7%. We could also confirm the fair correlation of GLS
with left ventricular ejection fraction as previously
reported. However, in patients with increased body
weight, diminished echocardiographic image quality
and atrial fibrillation with a high beat-to-beat heart
rate variability, feasibility was diminished. Surpris-
ingly, in patients with a limited acoustic window,
assessment of longitudinal strain by speckle tracking
may be more accurate than assessment of left ventric-
ular ejection fraction, as seen in a study comparing
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cardiac magnetic resonance with echocardiography
[34]. Thus we recommend attempting analysis of GLS in
all patients, independently of image quality.

Among 36 patients with atrial fibrillation, in 25
patients, with lower beat-to-beat variability of the
heart rate, GLS analysis was feasible, which results ina
feasibility of 69%. Nowhere in the literature - at least
according to our knowledge — has the problem of LV
global longitudinal strain assessment in atrial fibrilla-
tion been discussed. In a study on the predictive value
of GLS in patients undergoing mitral valve repair, 31%
of the patients had atrial fibrillation [35], but there was
no discussion of GLS assessment in these patients. In
another study involving 507 patients, there were 36
patients with atrial fibrillation: in 19 patients with
atrial fibrillation the beat-to-beat variability was too
high and GLS could not be analysed, resulting in a fea-
sibility of 47% [36]. However, in the small group of 17
patients with atrial fibrillation the correlation of GLS
with left ventricular ejection fraction was excellent
[36]. In our study, apart from the decreased feasibility
of GLS in patients with atrial fibrillation, it was also

much more time-consuming to do the analysis in
these patients with atrial fibrillation, as three beats
with comparable RR-intervals have first to be found.
According to the literature, interobserver reproducibil-
ity of GLS measurement is quite good and definitely
better than for left ventricular ejection fraction [36, 37].
In our study, interobserver and intraobserver variabil-
ity were quite good. However, it has to be noted that
GLS may vary *2 to +5% depending on the reader or
vendor, thus this also impacts the recommended GLS
value as a cut-off for normal [38].

Depending on the underlying heart disease there are
several deformation patterns suggestive of some kind
of cardiac disease such as amyloidosis [32], left bundle-
branch block with dyssynchrony and hypertensive
heart disease [39, 40]. Some deformation patterns are
also typical of Fabry disease [41]. In a few patients (such
as the patient of figure 3 with AL amyloidosis) the GLS
pattern helped to diagnose the underlying condition
in the study group. However, in most patients, in whom
myocardial deformation was not completely normal
despite an otherwise normal echocardiographic exam-

Table 2: Summary of echocardiographic findings in the 447 patients.

All (447 pts) GLS >18% (236 pts) GLS <18% (211 pts) p-value cut-off GLS >16% GLS <16% p-value
-18% (323 pts) (124 pts) cut-off

-16%

Echocardiographic image

quality:

—excellent 70 (15.7%) 43 (18.2%) 27 (12.8%) 0.029 59 (18.3%) 11 (8.9%) 0.001

- average 354 (79.2%) 183 (77.5%) 171 (81%) 0.15 250 (77.4%) 104 (83.9%) 0.044

— poor 18 (4%) 8 (3.4%) 10 (4.7%) 0.19 11 (3.4%) 7 (5.6%) 0.35

Normal echocardiographic 81 (18%) 69 (29%) 12 (5.7%) <0.001 79 (24.5%) 2 (1.6%) <0.001

examination

LVEDD, cm 4.7 +£0.7 45+0.5 49+0.8 <0.001 5.0+ 0.5 51+0.9 <0.001

EF, % 57.9+£9.5 61.6 £5.2 53.7 +11.3 <0.001 61.1 £5.6 49.5 +12.2 <0.001

EF <55% 96 (21.5%) 9 (3.8%) 87 (41.2%) <0.001 26 (8.0%) 70 (56.5%) <0.001

LVMMI, g/m? (n = 375) 79.4+25.0 69.3+16.8 91.5+27.8 <0.001 72.4+18.7 98.6 +29.8 <0.001

LBBB 29 (6.5%) 2 (0.8%) 27 (12.8%) <0.001 4(1.2%) 25 (20.2%) <0.001

LV hypertrophy 78 (17.4%) 18 (7.6%) 60 (28.4%) <0.001 29 (9.0%) 49 (39.5%) <0.001

RWMA 139 (31.1%) 38(16.1%) 101 (47.9%) <0.001 71 (21.9%) 68 (54.8%) <0.001

ASH 69 (15.4%) 33 (14%) 36 (17.1%) 0.28 50 (15.5%) 19 (15.3%) 0.88

Diastolic function <0.001 <0.001

- normal 232 (51.9%) 160 (67.8%) 72 (34.1%) 210 (65.0%) 22 (17.7%)

—abnormal 164 (36.7%) 61 (25.8%) 103 (48.8%) 91 (28.1%) 73 (58.9%)

—indeterminate or unknown 51 (11.4%) 15 (6.4%) 36 (17.1%) 22 (6.8%) 29 (23.4%)

Aortic stenosis 0.47 1.0

-none 421 (94.2%) 433 (96.9%) 435 (97.3%) 301 (93.2%) 120 (98.8%)

- mild 10 (2.2%) 5(1.1%) 5(1.1%) 8(2.5%) 2 (0.6%)

— moderate/severe 16 (3.6%) 9 (2.0%) 7 (1.6%) 14 (4.3%) 2 (0.6%)

Mitral regurgitation 36 (8.1%) 24 (10.2%) 12 (5.7%) 0.031 27 (8.4%) 9 (7.3%) 0.37

PHT (n =422) 106 48 58 0.15 63 43 0.004

(n =422, 25.1%) (n = 224, 21.4%) (n =198, 29.3%) (n=304,20.7%) (n=118,36.4%)
HCM 9 (2%) 2 (0.8%) 7 (3.3%) 0.075 5 (1.5%) 4(3.2%) 0.35
Amyloidosis* 4 (0.4%) 0 (0%) 4(0.9%) 0.0498 0 (0%) 4(1.6%) 0.006

LVEDD = left ventricular end diastolic diameter; EF = ejection fraction; LVMMI = left ventricular muscle mass index; LBBB = left bundle-branch block;
LV hypertrophy = left ventricular hypertrophy; ASH = basal septal hypertrophy; HCM = hypertrophic cardiomyopathy; PHT = pulmonary hypertension; * biopsy proven.
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Figure 4: A14-year-old patient with severe hypertrophic cardiomyopathy and dyspnoea
NYHA IIl. The boy has a history of previous septal myectomy. His left ventricular ejection
fraction was preserved (55%), there was relaxation abnormality, his wall thickness mea-
sured up to 22 mm and his GLS-9.5%, with myocardial deformation being worst in the
whole septum and preserved in the anterolateral basal and middle wall segments.

Peak Systolic Strain

Figure 5: A 43-year-old female patient with dilated cardiomyopathy, normal coronary

arteries and severely diminished left ventricular ejection fraction (22%). There is an al-
most diffusely abnormal myocardial deformation pattern apart from mid-anterior and
lateral segments. Mean GLS in this patient was —-5.3%.
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ination, it remained unclear what cardiac disease
could cause the abnormality. Arterial hypertension
was common in our study group, and in mild hyper-
tensive heart disease abnormal speckle tracking with
reduced myocardial velocities can occur early in the
disease prior to other visible changes [42]. We have no
correlation with findings of gadolinium enhancement
of cardiac magnetic resonance imaging in this study
group to prove or exclude, for example, underlying
myocardial fibrosis. We also did not have any genetic
testing performed in these patients to rule out,for ex-
ample, occult hypertrophic cardiomyopathy, neuro-
muscular disease or Fabry disease. It is known that
strain patterns in genotype-positive patients with
hypertrophic cardiomyopathy can be abnormal [43]
prior to echocardiographic changes. In the 81 patients
with a completely normal echocardiographic exami-
nation, 5.7% had a GLS value of less than 18% and 1.6% a
GLS value of less than 16%. So cut-off values might not
be reasonable for every-day practice. Fourteen patients
with a seemingly normal echocardiographic examina-
tion had a history of hypertension, coronary artery
disease and/or diabetes; only two of these had a GLS of
less than 18%, at 17.7% and 16.8%.

Limitations

During the study period, we did not routinely perform
three-dimensional strain imaging in our routine prac-
tice, therefore these data apply only for two-dimen-
sional strain imaging. Two-dimensional speckle track-
ing echocardiography (2DSTE) is limited as it does not
track tissue motion in three dimensions; however,
feasibility may be higher in two-dimensional speckle
tracking than three-dimensional speckle tracking
although three-dimensional speckle tracking might be
less time-consuming and more exact [44]. Our data do
not apply for three-dimensional strain imaging.
Image quality was graded prospectively during the
echocardiographic examination as excellent, average
or poor. Most examinations were classified at that time
as “average”, therefore the range of “average” is wider
as the goal was not to make three groups of compara-
ble size. This may have an impact on the results as the
influence of diminished image quality might be under-
estimated.

Currently, there are no clear guidelines how to further
evaluate patients in whom speckle tracking imaging
identifies abnormal myocardial segments not
explained by the conventional echocardiographic fin-
dings, with the exception of patients in whom a pat-
tern typical for cardiac amyloidosis is found where we
usually recommend further evaluation including

EMHMedia



ORIGINAL ARTICLE

210

Correspondence:

Christine H. Attenhofer Jost,
MD

Cardiovascular Center
Ziirich Klinik Im Park
Seestrasse 220

CH-8027 Ziirich
christine.attenhofer[at]
hirslanden.ch

CARDIOVASCULAR MEDICINE - KARDIOVASKULARE MEDIZIN - MEDECINE CARDIOVASCULAIRE 2016;19(7-8):204-210

4 o Image
T quality
+ = poor
O average
% O + excellent
24 & o 3
-~ o
0 + ++p ot
(] -] - T
g Ch =
é Lo 4o o+ (-]
£ + ° 4 +
o + o
+ +°
a
iy ik
-2+ + o
[+ ]
¥
T T T T T T T
30 25 20 -18 -1 5 L]
Average GLS

Figure 6: Bland-Altman plot showing interobserver variability
correlated to echocardiographic image quality (echoquality)
separating patients with excellent, average or poor echoqual-
ity. Interobserver variability was not dependent on image
quality.

The lines show the bias and the limits of agreement (bias +
2SD of the difference of the measurements). Black lines are
bias and limits of agreement; coloured lines the bias of the
corresponding image quality.

cardiac magnetic resonance imaging and/or myocar-
dial biopsy.

There is also a known small, statistically significant
vendor dependency in assessment of GLS, which can
vary up to 3.7% strain units [37]. For this study, we only
used Vingmed System E9 4D BT12 [45]. Our results may
thus not be applied completely to other vendors.

Table 3: Multiple linear regression for GLS.

Model Coefficient (95% CI) p-value
Excellent image -1.2 (-2.2 to -0.1) 0.028
quality

EF -0.24 (-0.28 to -0.19) <0.001
LVH 3.4(2.3t0 4.4) <0.001
Heart rate 0.08 (0.06 to 0.11) <0.001
Scar 1.0 (0.1 to 1.9) 0.033

EF = ejection fraction; LVH = left ventricular hypertrophy;
Cl = confidence interval.

Conclusion

Increasingly, longitudinal global strain assessment is
routine for echocardiographic assessment. Analysis of
left ventricular GLS with speckle tracking echocardio-
graphy 2DSTE is feasible in most patients; however, its
assessment is influenced by image quality, BMI and
atrial fibrillation. Reproducibility is high, with accept-
able intra- and interobserver variablity. GLS can pro-
vide additional information on left ventricular
abnormalities not otherwise recognised. However, ab-
normal discrepancies can occur — especially in the
presence of suboptimal image quality. For everyday
practice, reporting the mean 2DSTE-derived GLS with a
comment on abnormal segments is recommended.
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