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Aims Assessment of left ventricular (LV) transmural scar tissue in clinical practice is still challenging because magnetic reson-
ance imaging (MRI) and nuclear techniques have limited access and cannot be performed extensively. The aim of this
study was to verify whether parametric two-dimensional speckle-tracking echocardiography (2D-STE) can more accur-
ately localize and quantify LV transmural scar tissue in patients with healed myocardial infarct (MI) in comparison with
MRI.

Methods
and results

Thirty-one consecutive patients (age 56+32 years, 29 males) with MRI and echocardiography performed after at least
6 months from an acute MI were studied. Apical LV longitudinal strain images by 2D-STE and short-axis contrast images
by MRI were analysed to generate parametric bull’s eye maps showing the distribution of the LV transmural scar tissue,
whose extension was measured by planimetry and expressed as a percentage of the total myocardial area. Twelve pa-
tients also had early 2D-STE and MRI examinations after the acute MI. 2D-STE accurately quantified the extent of trans-
mural scar tissue vs. MRI (r ¼ 0.86; limits of agreement 10.0 and 29.5%). Concordance between 2D-STE and MRI for
transmural scar tissue localization was high, with only 3.6% of discordant segments using an LV 16-segment model. Lin
coefficients, intra-class correlation coefficients, and Bland–Altman analysis showed very good intra- and inter-observer
reproducibility for 2D-STE evaluations. The transmural scar tissue area at 6 months could be predicted by early 2D-STE
evaluation.

Conclusion 2D-STE polar plots of LV longitudinal strain characterize transmural scar tissue accurately compared with MRI and
may facilitate its assessment in clinical practice.
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Introduction
Evaluation of presence, localization, and extent of left ventricular
(LV) transmural scar tissue in patients with ischaemic heart disease
is of fundamental importance in clinical practice. For example, since
transmural scar myocardial segments do not recover from their loss
of contractile function, the absence of viability affects the decision to
perform a revascularization.1 In recent years, two-dimensional
speckle-tracking echocardiography (2D-STE) has been used to

recognize transmural infarct scar tissue using analysis of longitudinal,
circumferential, and radial myocardial deformation.2 – 5 However,
studies based on 2D-STE focused mainly on analysis of strain curves
and did not evaluate the value of parametric strain polar maps for a
comprehensive assessment of the area size and topographic distri-
bution of the transmural scar.

The primary aim of this study was to verify whether parametric
2D-STE is accurate and reproducible in recognizing and quantifying
the area of the transmural scar tissue as well as in describing its
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topographic localization in patients with healed LV myocardial in-
farct (MI) in comparison with cardiac magnetic resonance imaging
(MRI). As a secondary aim, we sought to verify whether the para-
metric 2D-STE infarct area is better associated with the MRI trans-
mural infarct scar size than other parameters of LV systolic function,
such as global longitudinal strain (GLS) and ejection fraction (EF).
Finally, in a subgroup of patients who also had the 2D-STE and
MRI examinations early after the acute MI, we investigated whether
the final size of the transmural infarct scar can be predicted by the
early evaluation of the parametric 2D-STE infarct area.

Methods

Patient population
Patients with healed MI were selected within a 1-year period from the
database of the Cardiology and Radiology Units to have: a cardiac MRI
study performed after at least 6 months from a first acute ST-elevation
MI; an echocardiographic examination performed within 7 days from
the MRI study. Patients were excluded if they had a new coronary artery
syndrome and/or additional revascularization procedures between the
first myocardial event and the planned MRI and echocardiographic studies
at 6 months. The acute ST-elevation MI was diagnosed on the basis of clin-
ical presentation, electrocardiographic findings, and troponin elevation.
All patients underwent a primary percutaneous coronary intervention
with/without successful recanalization of the infarct-related coronary ar-
tery. Thirty-one patients fulfilled the above-mentioned criteria and were
included in the study. A subgroup of 12 patients had both a cardiac MRI
study performed 1 or 2 days after the primary percutaneous coronary
intervention (all with successful recanalization of the infarct-related cor-
onary artery) and an echocardiographic examination immediately before
the MRI. All patients were in sinus rhythm at the moment of both the MRI
and echocardiographic studies. All echocardiographic examinations were
digitally stored. Patients’ characteristics are reported in Table 1.

Magnetic resonance imaging
All images were acquired using a 1.5-T MRI system optimized for cardio-
vascular applications (Signa HDX, GE Medical Systems, Milwaukee, WI,
USA). An 8-channel phased-array surface coil was used. Localization
was performed using breath-hold single-phase steady-state free preces-
sion (SSFP) images of true anatomical axes of the heart. Subsequently,
cine SSFP and delayed enhancement (DE) sequences were obtained.
Cine SSFP images were acquired in short- and long-axis views. For the
short-axis view sequences, a slice thickness of 10 mm with no gap in
identical slice positions, covering the LV from the base to the apex,
was used. The DE images (fast-gradient-echo inversion-recovery) were
acquired 7–10 min after bolus intravenous injection of 0.15 mmol/kg
body weight of gadolinium-diethylenetriamine penta-acetic acid (ga-
dobutrol, Schering, Germany), followed by saline flush. The inversion
time was adapted individually to null normal myocardium. In the 12 pa-
tients evaluated early after the acute MI, additional sequences for
myocardial oedema were performed. In particular, T2-weighted
images were acquired by encompassing the LV in the cardiac short-
axis direction with a dark-blood T2-weighted short-tau inversion-
recovery fast spin echo sequence. LV end-diastolic and end-systolic
volumes (EDV, ESV), stroke volume (SV), and ejection fraction (EF)
were calculated according to standard methods. For myocardial DE
and oedema analysis, MRI images were analysed using the software
Segment CMR (Medviso, Lund, Sweden).6 The DE and T2-weighted
short-axis slices from the base to the apex were processed with this
software that delineates semi-automatically the endocardium and epi-
cardium, identifies the areas of hyperenhancement (DE images) and
hyperintensity (T2-weighted images), and calculates the percentage
of LV myocardial mass characterized by oedema. It also generates po-
lar maps showing the spatial distribution of myocardial DE from the
base to the apex and circumferentially as well as the percentage of
DE transmurality using a colour-coded representation (Figure 1).
These maps were first processed to evidence only the transmural
DE (TDE), defined as a transmural extent of DE (TME) .75% of
the myocardial thickness. In patients with healed MI, the TDE repre-
sents the transmural scar tissue. The TDE area was measured by plan-
imetry and expressed as a percentage of the total myocardial area.
Subsequently, the polar maps were obtained using a TME . 50% of
the myocardial thickness and areas were remeasured. For the analysis
of spatial concordance between MRI TDE and 2D-STE, colour-coded
polar maps were also generated using a 16-segment model. In this
model, an average value of TDE corresponds to each segment (seg-
mental transmurality value).

Conventional and speckle-tracking
echocardiography
In all patients, a complete transthoracic echocardiography examination
was performed using commercially available ultrasound systems (Vivid 7
and E9, GE Medical Systems, Milwaukee, WI, USA) equipped with a
3.5 MHz phased-array transducer. Image and Doppler acquisitions
were obtained at held end-expiration. For the 2D-STE image acquisition,
sector size and depth were adjusted to achieve optimal visualization
of the whole LV myocardium in the three standard apical views
(4-, 2-chamber, and long-axis view) with a frame rate between 60 and
100 fps. The LV longitudinal myocardial strain was assessed using a com-
mercially available software (EchoPAC PC, GE Medical Systems, Mil-
waukee, WI, USA). End-systole was defined as aortic valve closure in
the apical long-axis view. The regions of interest (ROIs) were manually
outlined at end-systole by marking the endocardial borders in the apical
views. A manual adjustment was performed if the automated tracking
was suboptimal. Peak systolic longitudinal myocardial strain was
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Table 1 Patient characteristics

Variable Overall patients

Age (mean+ SD) 56+32 years

Sex (M/F) 29/2

Body surface area (mean+ SD) 1.96+0.2 m2

Hypertension (n) 18 (58%)

Diabetes (n) 9 (29%)

Family history of myocardial infarction (n) 6 (19%)

Smoking (n) 13 (42%)

1-Vessel disease (n) 20 (65%)

2-Vessel disease (n) 6 (19%)

3-Vessel disease (n) 5 (16%)

MRI LV-EDV (mean+ SD) 185+56 mL

MRI LV-ESV (mean+ SD) 109+51 mL

MRI LV-SV (mean+ SD) 76+18 mL

MRI LV-EF (mean+ SD) 44+13%

LV-GLS (mean+ SD) 212.7+3.7%

LV-EDV, left ventricular end-diastolic volume; ESV, end-systolic volume; SV, stroke
volume; EF, ejection fraction; GLS, global longitudinal strain; MRI, magnetic
resonance imaging; SD, standard deviation.
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automatically calculated throughout the myocardium for each LV apical
view and reported spatially—from base to apex and circumferentially—
in a polar plot map using a colour-coded parametric representation (Fig-
ure 2). Non-viable myocardial tissue was defined as a value of peak sys-
tolic longitudinal strain ≥25%, corresponding to the clear pink colour
or any shade of blue colour on the polar map. The area of this severely
altered strain (SAS) was determined by planimetry by using the same
software and expressed as a percentage of the total myocardial area.
The relative areas of myocardial tissue with peak systolic longitudinal
strain ≥210 and ≥215% were also calculated. For the analysis of spa-
tial concordance between non-viable SAS myocardial tissue on 2D-STE
and transmural scar tissue on cardiac MRI, colour-coded polar maps
were also generated using a 16-segment model of the LV. In this model,
an average value of peak systolic longitudinal strain among all local
acoustic markers corresponds to each segment (segmental strain value).
In addition, the GLS was determined by averaging all peak systolic seg-
mental strain values from the three standard apical views. Longitudinal
peak strain values were averaged over two consecutive cardiac cycles.

To test the reproducibility of the parametric strain method, the first
and a second observer blindly recalculated the SAS area of all patients
1 week after the first reading. Recalculation included a new ROI outline
on the digitally stored 2D images, polar plot generation and SAS area
tracing and measurement.

Statistical analysis
The continuous variables were calculated as the average value+the
standard deviation, whereas those that were categorical were calculated
as percentages. Extent of TDE areas by MRI and SAS areas by 2D-STE
were compared by Student’s t-test (mean values), Pearson’s r correl-
ation coefficient, and Bland–Altman analysis. The same analyses were
repeated to compare other areas measured on the 2D-STE and MRI
polar plots. Locations of MRI TDE areas and 2D-STE SAS areas were
compared by visual assessment; also, the percentage of LV segments
with TDE and SAS was compared by x2 analysis. The MRI TDE areas
and the 2D-STE SAS areas were measured in a blinded fashion by
two different readers. All measurements of the 2D-STE SAS areas
were repeated by the first (AF) and a blind second observer (CG),
and the intra- and inter-observer variabilities were assessed using the
Lin concordance correlation coefficient, the intra-class correlation co-
efficient (ICC) with confidence intervals (CIs) and the Bland–Altman
analysis. The 2D-STE GLS and the MRI EF values were correlated
with both the MRI scar areas and the 2D-STE strain areas at 6 months
using Pearson’s r correlation coefficient. The capability of the 2D-STE
SAS area and MRI TDE area at the early post-infarct evaluation to pre-
dict the late transmural scar tissue area by cardiac DE-MRI was assessed
by univariate and stepwise bivariate correlation analysis. The statistical
analysis was performed using MedCalc Statistical Software version

Figure 1 Contrast magnetic resonance imaging analysis. (A) Short-axis image of the left ventricle with traced endocardium (red), epicardium
(green), and late enhancement area (white). (B and C) For each short-axis slice of the ventricle the software performs the analysis of scar trans-
murality using a colour code display and puts the information in a polar plot map. (D) Only the transmural scar tissue, defined as transmural extent
of scar .75% of the myocardial thickness, is shown (red).

Parametric strain echocardiography and ischaemic heart disease Page 3 of 10

by guest on A
ugust 24, 2015

D
ow

nloaded from
 



11.2.1.0. A P-value of ,0.05 was considered statistically significant. The
study was approved by the local Ethics Committee.

Results

Validation study
Transmural scar size assessment
In the 31 patients with healed MI, there was no difference between
the mean 2D-STE SAS area (strain values ≥25%) and the mean
MRI TDE area (TME . 75%): 13.0+9.5% vs. 12.8+9.0%, respect-
ively (P ¼ 0.806). The area values obtained using the two imaging
techniques correlated well (r ¼ 0.86, P , 0.001, Figure 3); on the
Bland–Altman analysis, no bias was observed (mean difference
0.2%, P ¼ 0.806 vs. 0) and all differences were within the limits of
agreement (10.0, 29.5%, Figure 3). Figure 4 illustrates some exam-
ples of SAS and TDE areas of different size obtained by 2D-STE
and MRI.

Effects of different cut-off values
When the MRI scar area was defined using a TME . 50%, the mean
2D-STE SAS area became different from the mean MRI area

(18.7+ 9.6%, P , 0.001). Although the area values obtained using
the two imaging techniques correlated well (r ¼ 0.83, P , 0.001,
Figure 3), the Bland–Altman analysis showed larger errors when
compared with the MRI TDE areas (mean difference 25.7%,
P , 0.001 vs. 0, Figure 3). When longitudinal strain values of
≥210 and ≥215% were selected for analysis, the difference be-
tween the mean 2D-STE strain areas (30.5+ 17.7% for strain
≥210% and 62.2+ 21.4% for strain ≥215%) and the mean MRI
areas (values reported above) was very large using both a TME of
.75% (P , 0.001) and of .50% (P , 0.001). In both cases, the
Bland–Altman analysis showed overestimation of the MRI scar areas
(Supplementary data online, Figures S1 and S2).

Concordance of transmural scar location
Location of the transmural infarct area on the TDE MRI plots varied
and all coronary territories were represented in different patients.
By visual analysis, localization of SAS on 2D-STE polar plots agreed
with that of TDE on MRI plots in all the 31 study patients (Figure 4).
Using the 16-segment model, the percentage of LV segments with
SAS on 2D-STE was 14% and that of segments with TDE on cardiac
MRI was 12% (P ¼ 0.344). 2D-STE and DE-MRI were concordant in
recognizing the location of the LV segments with non-viable

Figure 2 Two-dimensional speckle-tracking echocardiography (2D-STE) analysis. (A) Apical four-chamber view of the left ventricle with the
speckle-tracking region of interest on the ventricular myocardium. (B) A portion of the lateral wall is magnified. (C and D) Strain information is
used to generate a polar plot map of the ventricle. (E) Clear pink colour and all blue colours (corresponding to longitudinal strains ≥25%) are
used to identify the severely altered strain (SAS) area. Ant, anterior; Lat, lateral; Inf, inferior; Sept, septum.
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transmural scar tissue in 96.4% of all the 496 segments studied
(Figure 5). The worst agreement was observed at the mid- and apical
lateral segments.

Reproducibility of SAS area evaluation
For intra-observer variability, the Lin coefficient was 0.971, the ICC
0.986 (CIs: 0.971–0.993), and the limits of agreement on the Bland–
Altman analysis 4, 25% (Figure 6). For inter-observer variability, the
Lin coefficient was 0.964, the ICC 0.983 (CIs: 0.963–0.992), and the
limits of agreement on the Bland–Altman analysis 4.2, 25.4%
(Figure 6).

Other parameters of LV systolic function
Correlations between the left ventricular ejection fraction (LV EF)
and GLS values and the MRI scar areas obtained using a TME of
.75% (r ¼ 20.35 and 0.53, respectively) and .50% (r ¼ 20.42
and 0.60, respectively) were lower compared with those observed
using the 2D-STE SAS areas (Supplementary data online, Figure S3).
On the multivariate analysis, only the 2D-STE SAS areas retained a
significant correlation with the MRI scar areas both using a TME of
.75% (r ¼ 0.77, P , 0.001) and of .50% (r ¼ 0.74, P , 0.001).

The LV EF and GLS values also correlated with the 2D-STE strain
areas characterized by longitudinal strain values ≥25, ≥210,
and ≥215% (Supplementary data online, Figure S4).

Patients with early and late myocardial
scar evaluations
Comparison between early 2D-STE and DE-MRI
In the subgroup of 12 patients with early post-infarct 2D-STE and
DE-MRI evaluations after successful revascularization, different
results were obtained by the two imaging techniques. In fact, the
SAS area by parametric 2D-STE was 11.8+ 7.2% and the TDE
area by MRI was 20.3+8.6% (P , 0.001), with a correlation coeffi-
cient of r ¼ 0.77 (P ¼ 0.004, Figure 7); on the Bland–Altman ana-
lysis, a significant mean difference was observed (8.5%, P , 0.001
vs. 0), indicating a consistent overestimation by DE-MRI (Figure 7).
The percentage of myocardial mass with oedema was 32.1+
10.3% at the MRI examination. Mean values of the peak systolic
longitudinal strain in the 25 myocardial segments with oedema
and non-transmural scar tissue were different from those of the
28 segments with oedema and transmural scar tissue (210.5+2.5%
vs. 0.1+4.6%, P , 0.001).

Figure 3 Regression (top) and the Bland–Altman analysis (bottom) comparing the area of left ventricular transmural scar obtained by two-
dimensional speckle-tracking echocardiography (2D-STE) and magnetic resonance imaging (MRI). SD, standard deviation; TME, transmural extent
of delayed enhancement.

Parametric strain echocardiography and ischaemic heart disease Page 5 of 10

by guest on A
ugust 24, 2015

D
ow

nloaded from
 

http://ejechocard.oxfordjournals.org/lookup/suppl/doi:10.1093/ehjci/jev191/-/DC1
http://ejechocard.oxfordjournals.org/lookup/suppl/doi:10.1093/ehjci/jev191/-/DC1


Prediction of late transmural infarct size
On the 6-month MRI, the TDE area decreased to 14.7+ 8.4%
(D ¼ 5.6% in mean absolute reduction; P ¼ 0.0013 vs. early evalu-
ation); no residual myocardial oedema was observed. The 2D-STE
SAS area was 11.6+7.0% showing no difference with the early post-
infarct evaluation (D ¼ 0.2% in mean absolute value, P ¼ 0.883).
Correlations between early 2D-STE SAS areas and MRI TDE areas
with the 6-month MRI TDE areas were 0.91 (P , 0.001) and 0.86
(P , 0.001), respectively (Figure 7). At the bivariate analysis, both
the early SAS and TDE areas maintained their predictive value
(P ¼ 0.005 and 0.049, respectively), although the significance level
was borderline for the TDE area.

Discussion
This study shows that the SAS area obtained by parametric 2D-STE of
LV longitudinal strain allows accurate recognition, localization, and
quantification of non-viable transmural scar tissue in comparison
with cardiac MRI in patients with chronic ischaemic heart disease.

Figure 4 Examples of polar maps obtained by magnetic resonance imaging (MRI) and two-dimensional speckle-tracking echocardiography
(2D-STE) in six patients with healed myocardial infarct. TDE, transmural delayed enhancement; SAS, severely altered strain.

Figure 5 Bull’s eye plot of the left ventricle. For each one of the
16 myocardial segments, the number of segments with transmural
scar tissue identified by speckle-tracking echocardiography (s) and
magnetic resonance imaging (r) is indicated. Ant, anterior; Inf,
inferior.
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Conversely, LV GLS and EF do not seem to be helpful in this regard.
Our data also show that the SAS area evaluated early after acute MI is
associated to the final size of the transmural scar tissue after 6 months.

Speckle-tracking echocardiography for
scar transmurality
2D-STE has the capability to perform the analysis of myocardial de-
formation in different spatial directions, that is, longitudinal, circum-
ferential, and radial.2 – 4 At present, it is still unclear what is the best
2D-STE approach for the identification of healed transmural scar tis-
sue. Authors who compared LV myocardial deformation in different
spatial directions reported that circumferential3,4,7 and radial
strain4,7 are better than longitudinal strain for the differentiation
of scar transmurality. However, these observations should be
weighed in the light of a number of considerations. First, some of
these authors7 evaluated acute and others3,4 chronic MI in different
patient populations. Secondly, circumferential and radial strains are
based on the analysis of LV short-axis views, which is limited by non-
optimal feasibility and reproducibility.8,9 Third, although radial and
circumferential strain can potentially be evaluated in three standard
short-axis views, in practice this is not always possible; thus this de-
formation analysis is generally restricted to only one short-axis
plane. Indeed, in all the above-mentioned studies evaluating cir-
cumferential and radial strain in comparison with longitudinal

deformation,2 – 4,7 only a single, mid-ventricular short-axis view of
the LV was used, with lack of strain information relative to the basal
and apical portions of the LV. Finally, the predictive value of radial
strain by 2D-STE for the recognition of transmural scar tissue on
cardiac MRI has recently been reported to be low.10

In our study, we selected the analysis of longitudinal deformation
by 2D-STE mainly because of two reasons. First, feasibility and re-
producibility of longitudinal strain by 2D-STE are high, even in pa-
tients with LV systolic dysfunction,11 and are better than those of
circumferential and radial strain:3,8,9,12–16 this is fundamental to as-
suring an extensive clinical application of the method. Secondly, a
parametric polar map of the entire LV can be easily obtained by
2D-STE using the longitudinal strain approach, since the three stand-
ard apical views needed for the 2D-STE analysis span the LV myo-
cardium from the base to the apex of six ventricular walls. Such a
polar plot representation cannot be obtained by the 2D-STE soft-
ware using the radial and circumferential strain values.

Transmural scar tissue in healed MI
patients
Cardiac MRI
Selection of the appropriate percentage of transmurality within the
LV wall on cardiac MRI is of fundamental importance to define a seg-
ment with a transmural myocardial scar. Kaandorp et al.17 showed

Figure 6 Regression (left) and Bland–Altman analysis (right) comparing left ventricular transmural scar evaluated by the same observer 1
(intra-observer variability, top graphs) and by a second observer (inter-observer variability, bottom graphs). SD, standard deviation.
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that, when scar transmurality is between 50 and 75% of the myocar-
dial wall, a large amount of LV segments still have contractile re-
serve, whereas when the TME is .75%, contractile reserve is not
frequent. Therefore, according to this observation, in our study a
TME value .75% was chosen to identify scar transmurality on
cardiac MRI. We also explored the effect of selecting a value of
.50% for scar transmurality on MRI because this approach has
been used in many other studies.1,3 – 5,7 In this case we observed,
at the Bland–Altman analysis, a worse agreement between the
SAS area evaluated by 2D-STE and the MRI scar area, with a signifi-
cant mean error of 25.7% (Figure 3).

2D-STE
Our findings in patients with healed MI indicate that, using a strain cut-
off value of 25%, longitudinal strain analysis by parametric 2D-STE is
accurate for a comprehensive evaluation of transmural scar tissue
(size and topographic distribution). This strain cut-off value is in agree-
ment with the results of the study of Roes et al.,5 who showed, using
the same echo scanner and software for strain analysis, that a regional
longitudinal strain value of 24.5% could distinguish a transmural from
a non-transmural MI with a sensitivity of 81.2% and a specificity
of 81.6% in comparison with contrast MRI. Unlike our study, how-
ever, that of Roes et al.5 used a TME . 50% at the MRI to identify

non-viable dysfunctioning myocardial segments. Nevertheless, the
majority (53%) of the 373 non-viable segments examined by Roes
et al. had a hyperenhancement extending from 76 to 100%.5 We
have also explored the effect of selecting a cut-off value of 210
and 215% for longitudinal strain analysis. Doing so, we observed
that parametric 2D-STE markedly overestimated the MRI scar area
using both a TME . 75 and .50% (Supplementary data online,
Figures S1 and S2). Therefore, in our patient population a longitudinal
strain cut-off value of 25% showed the best capability to discriminate
viable from non-viable transmural scar tissue.

Comparison with other indices of LV
function
In our patient group with healed MI, the LV GLS by 2D-STE and the
EF by MRI correlated worse than the SAS area by 2D-STE with the
extension of the MRI scar tissue determined using both a TME .75
and .50% (Supplementary data online, Figure S3); also, the GLS and
EF correlations were not significant at the multivariate analysis. This
result can be apparently surprising but can be explained considering
that both GLS and EF: (i) depend also on areas of viable myocardium
with non-transmural scars; (ii) include normally contracting regions
or even hyperkinetic or hypertrophic myocardial segments which
may compensate for akinetic regions. This is confirmed in our study

Figure 7 Regression and Bland–Altman analysis comparing the area of left ventricular transmural scar obtained by speckle-tracking echocar-
diography (STE) and magnetic resonance imaging (MRI). Top: early STE vs. early MRI. Bottom: early STE and MRI vs. MRI at 6 months. SD, standard
deviation.
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by the correlations observed between the LV EF and GLS values and
the 2D-STE strain areas obtained using longitudinal strain values
≥25, ≥210, and ≥215% (Supplementary data online, Figure
S4): there is a progressive improvement of the correlations with
the progressive inclusion in the 2D-STE strain area of more myocar-
dium with different degree of systolic dysfunction.

Early and late evaluation of infarct size
Our data show that the TDE area at cardiac MRI decreased signifi-
cantly from its early evaluation after the acute MI to the 6-month
evaluation. This is consistent with previous observations18 and
may be explained by the infarct-associated oedema in the acute
phase, which comprises a larger volume than collagenous scar tissue
in the chronic phase. In support of this mechanism, we have docu-
mented that in our patients a conspicuous myocardial oedema was
present acutely, which disappeared completely at the 6-month
evaluation.

The SAS area measured by 2D-STE early after the acute MI did
not vary significantly at 6 months. Also, this early 2D-STE SAS
area was associated with late transmural infarct area on cardiac
MRI better than the early MRI TDE area (Figure 7). These observa-
tions are in accordance with previous findings of a good relationship
between strain in acute MI and chronic infarct size.19

Although in our patients parametric 2D-STE of LV longitudinal
strain showed to be a valuable technique for early prediction of non-
viable MI tissue, some consideration should be made to avoid data
overinterpretation. First, we only examined 12 patients with both
early and 6-month evaluations. Secondly, systolic strain in acute/
early MI can be affected by myocardial oedema, because incom-
pressibility of the oedema may reduce myocardial deformation.

Advantages of parametric polar plot maps
The use of parametric polar plot maps of longitudinal strain obtained
by 2D-STE has additional advantages over the utilization of strain
curves (longitudinal, radial, and circumferential) because polar
maps: (i) are generated semi-automatically; (ii) avoid measurements
on strain curves, which can be tedious and generally require more ex-
pertise; (iii) allow immediate spatial appreciation of the dysfunctioning
myocardial tissue, thus facilitating the visual analysis of the LV myocar-
dial deformation even by cardiologists who are not expert in the in-
terpretation of strain curves. It should also be considered that the
strain curves used in previous investigations2–5,7 represent the aver-
age strain value of myocardial segments and therefore include both
the viable and non-viable myocardial tissue which may be present
in each segment. Conversely, parametric polar plot maps precisely
identify the regions with non-viable myocardial tissue only.

Study limitations
(i) A relatively small patient population was studied. This, however,
may be balanced by the high feasibility and reproducibility of the
2D-STE technique used in this study to assess longitudinal myocar-
dial strain. (ii) Analysis of myocardial deformation at the level of the
mid- and apical lateral wall can sometimes be problematic, because
of reduced speckle-tracking quality. This may explain the non-
optimal concordance for transmural scar location between
2D-STE and MRI which was observed in some patients at the level
of the mid–apical lateral wall. (iii) Three-dimensional STE may

theoretically overcome some limitations of 2D-STE, such as the
through-plane motion; however, this technique has not been used
in this study because it is not yet recommended for clinical practice
and its real reproducibility has not been clearly established. (iv) Mea-
surements of both MRI and 2D-STE areas of non-viable myocardium
were relative and not based on calibrated units; however, relative
measures are also quantitative and comparable to each other. (v)
Finally, this study was not designed to provide information about
the discrimination of transmural from non-transmural healed MIs,
which might be the object of a specific investigation.

Conclusions
Parametric 2D-STE of LV longitudinal strain is a feasible, reprodu-
cible, and accurate technique for recognition, localization, and quan-
tification of non-viable transmural scar tissue in patients with
chronic ischaemic heart disease. Possible applications can be the
study of LV remodelling and cardiac resynchronization therapy.

Supplementary data
Supplementary data are available at European Journal of Echocardiog-
raphy online.

Conflict of interest: None declared.

References
1. Kim RJ, Wu E, Rafael A, Chen EL, Parker MA, Simonetti O et al. The use of

contrast-enhanced magnetic resonance imaging to identify reversible myocardial
dysfunction. N Engl J Med 2000;343:1445–53.
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