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Aims Speckle tracking echocardiography (STE) and feature tracking cardiovascular magnetic resonance imaging (FT-
CMR) are advanced imaging techniques which are both used for quantification of global and regional myocardial
strain. Direct comparisons of STE and FT-CMR regarding right ventricular (RV) strain analysis are limited. We
aimed to study clinical performance, correlation and agreement of RV strain by these techniques, using arrhythmo-
genic right ventricular cardiomyopathy (ARVC) as a model for RV disease.

...................................................................................................................................................................................................
Methods
and results

We enrolled 110 subjects, including 34 patients with definite ARVC, 30 preclinical relatives of ARVC patients, and
46 healthy control subjects. Global and regional RV longitudinal peak strain (PS) were measured by STE and FT-
CMR. Both modalities showed reduced strain values in ARVC patients compared to ARVC relatives (STE global
PS: P < 0.001; FT-CMR global PS: P < 0.001) and reduced strain values in ARVC relatives compared to healthy con-
trol subjects (STE global PS: P = 0.042; FT-CMR global PS: P = 0.084). There was a moderate, albeit significant cor-
relation between RV strain values obtained by STE and FT-CMR [global PS r = 0.578 (95% confidence interval
0.427–0.697), P < 0.001]. Agreement between the techniques was weak (limits of agreement for global PS: ±11.8%).
Correlation and agreement both deteriorated when regional strain was studied.

...................................................................................................................................................................................................
Conclusion RV STE and FT-CMR show a similar trend within the spectrum of ARVC and have significant correlation, but inter-

modality agreement is weak. STE and FT-CMR may therefore both individually have added value for assessment of RV
function, but RV PS values obtained by these techniques currently cannot be used interchangeably in clinical practice.
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Introduction

Speckle tracking echocardiography (STE) and feature tracking cardio-
vascular magnetic resonance imaging (FT-CMR) are advanced tools
within the field of cardiac imaging, which both enable quantification of
myocardial deformation.1 Although these two techniques are used
within different imaging platforms (i.e. echocardiography and CMR),
both techniques use dedicated post-processing algorithms to identify
markers in the myocardium and follow these markers throughout
the cardiac cycle to track myocardial motion. The most fundamental
parameter that is derived by these techniques is myocardial strain,
which represents the amount of myocardial shortening during the
cardiac cycle.

STE and FT-CMR are currently both applied to quantify right ven-
tricular (RV) function in several diseases.2–13 One of particular inter-
est is arrhythmogenic right ventricular cardiomyopathy (ARVC).
ARVC is an inheritable cardiomyopathy that is characterized by
fibro-fatty replacement of the myocardium, typically of the RV.14

Since the presence of structural heart disease identifies individuals
who are at higher risk of life-threatening arrhythmias, echocardiog-
raphy and CMR are sequentially performed in ARVC patients and
their at-risk relatives.15 STE and FT-CMR both enable detection of
impaired RV strain in early stages of disease, which largely goes un-
noticed by conventional imaging measurements.2–8 These subclinical
abnormalities have recently been associated with development of
clinical disease progression, and therefore, RV strain analysis may im-
prove screening protocols in relatives of ARVC patients.5

Since STE and FT-CMR are both applied in similar patients for
measurement of RV strain, insight into the interchangeability of these
measurements is of clinical relevance. STE and FT-CMR have been
extensively compared in previous studies, but these studies mainly
focused on left ventricular (LV) strain measurements.16–18 In the pre-
sent study, we aimed (i) to compare RV strain analysis by STE and
FT-CMR with regard to clinical performance in ARVC and (ii) to
study correlation and agreement between these techniques.

Methods

Study population
Subjects that were eligible for this study were patients with definite
ARVC according to the 2010 Task Force Criteria (TFC) and relatives of
ARVC patients (not fulfilling definite ARVC diagnosis) who were eval-
uated at the University Medical Center Utrecht between 2004 and
2018.19,20 In this period, 297 unique subjects underwent echocardiog-
raphy and 242 underwent CMR as part of routine clinical care. Relatives
who underwent genetic testing but who were not found to carry the
index mutation were excluded. Subjects who underwent both echocardi-
ography and 1.5-T CMR within 1 month were included in the final study
population, provided that the images were appropriate for RV strain ana-
lysis by both STE and by FT-CMR. A group of healthy non-athlete sub-
jects who underwent echocardiography and 1.5-T CMR within 1 day for
a previous study served as control group.21 The control group was age-
and gender-matched with ARVC relatives. This study was approved by
the local institutional ethics committee and was performed according to
the principles of the Declaration of Helsinki and the European General
Data Protection Regulation.

Echocardiography and STE
All echocardiograms were obtained with Vivid 7 or Vivid E9 (GE
Healthcare, Horten, Norway) according to a standardized protocol.22 RV
outflow tract dimensions were measured in the parasternal long-axis
view and parasternal short-axis view, and fractional area change was
measured in the apical four-chamber view.19 Longitudinal strain analysis
was performed offline with GE EchoPac version 202.39 (GE Healthcare,
Horten, Norway) by two experienced observers who were blinded for
clinical data and FT-CMR results. Inter- and intra-observer agreement
was recently shown to be excellent: reported kappa values were 0.94
and 0.93, respectively.5,6 The analyses were performed according to a
previously published protocol.22 In brief, a narrow-angle RV-focused
recording from the apical four-chamber view was used.23 Frame rates be-
tween 55 and 110 frames/s were accepted for deformation imaging.
Onset of systole was set at the beginning of the QRS complex on the
electrocardiogram (ECG). The endocardial border of the RV lateral wall
was manually traced. The apical cap was not included in the region of
interest. When necessary, the region of interest thickness was adjusted
manually to include the RV myocardium or to exclude the pericardium.
The region of interest was automatically divided into a basal, mid and ap-
ical segment. A representative example is shown in Figure 1.

CMR and FT-CMR
All CMR images were acquired using a 1.5-T scanner (Philips Medical
Systems, Best, the Netherlands). RV dimensions and ejection fraction
were measured on short axis (repetition time/echo time/flip angle 2.9/
1.4/60� , matrix 192–256, field of view 320 mm, temporal resolution <_50
ms, slice thickness 8 mm). Ventricular end-diastolic and end-systolic vol-
umes were measured and corrected for body surface area. Longitudinal
strain analysis was performed in the horizontal long axis using Medis
Qstrain Software (Medis Medical Imaging Systems, version 3.1, Leiden,
the Netherlands) by one experienced observer blinded for clinical data
and STE results. Endocardial contours of the RV (from lateral to septal)
were manually drawn during end-diastole and end-systole with subse-
quent automatic tracking during the cardiac cycle. Onset of systole was
determined on the basis of ventricular volumes. The endocardial border
was automatically segmented into seven regions of equal size; three seg-
ments in the lateral free wall (basal, mid, and apical), apical cap and three
segments in the septal wall (basal, mid, and apical). A representative ex-
ample is presented in Figure 1.

Strain parameters
All strain values in this study are reported as absolute values. With STE
and FT-CMR, regional peak strain (PS) was derived from the basal, mid,
and apical region of the RV lateral wall (Figure 1). The apical cap was not
included in the analysis according to current recommendations.23 The
interventricular septum was not taken into account, because it is also
considered to be part of the LV.23 PS was defined as the maximum
amount of myocardial shortening during the cardiac cycle, expressed in
percent. Global PS was defined as the average PS of the three segments
of the RV lateral wall. Global PS was only calculated when all three RV lat-
eral wall segments were eligible for analysis by both modalities.

Vendor-independent analysis
The aforementioned analyses were performed with different software
packages for STE and FT-CMR. To study the effect of software-
dependence, we additionally measured global and regional PS in the RV
free wall with a vendor-independent software package that can process
both echocardiographic and CMR data for STE and FT-CMR analysis
(TomTec Image Arena version 4.6, Unterschleissheim, Germany). This
software package automatically determines onset of systole on the basis
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..of ventricular volumes (i.e. frame/phase with largest RV area on echocar-
diography or CMR). The vendor-independent analysis was performed in
a random selection of 30 subjects (10 ARVC patients, 10 ARVC relatives,
and 10 controls).

Statistical method
Data are expressed as mean ± standard deviation (SD) or as median
(interquartile range). Normal distribution was tested using the
Shapiro–Wilk test. Significance of differences between three groups was

calculated using a one-way analysis of variance or a Kruskal–Wallis test.
Significance of differences between two groups was calculated using an in-
dependent Student’s t-test or Mann–Whitney U-test. Binary data were
compared using a Fischer’s exact test. Bonferroni correction was applied
in case of multiple testing (i.e. multiplication of obtained P-value by the
number of tests). Direct comparison of strain values by STE and FT-CMR
was performed by a paired t-test or a Wilcoxon signed rank test. For as-
sessment of correlation, Pearson’s r test was used. In case of non-
linearity, Spearman’s rank test was performed. Agreement between the

Figure 1 Representative example of RV analysis by STE and FT-CMR in one patient. The RV lateral wall was analysed with STE (left) and FT-CMR
(right). In both techniques, the RV lateral wall was automatically divided in three segments (basal/green, mid/white, and apical/blue). From these three
segments, PS was derived, which is defined as the maximum amount of myocardial shortening (red dots). Global PS is defined as the average PS from
the three RV segments. FT-CMR, feature tracking cardiovascular magnetic resonance imaging; PS, peak strain; STE, speckle tracking echocardiography.

952 K. Taha et al.
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two modalities was assessed by Bland–Altman analysis. The bias was cal-
culated as the mean measurement difference between the two techni-
ques (FT-CMR–STE), whereas 95% limits of agreement were calculated
as twice the SD of the measurement difference. P-values of <0.05 were
considered to indicate statistical significance. P-values between 0.05 and
0.1 were considered to be borderline significant. All statistical analyses
were performed using SPSS Statistics for Windows version 23.0 (IBM
Corporation, Armonk, NY, USA).

Results

Baseline characteristics
The study population consisted of 110 subjects, including 34 ARVC
patients (31%), 30 ARVC relatives (27%) and 46 healthy control sub-
jects (42%). Baseline characteristics are shown in Table 1. By design,
ARVC relatives and control subjects were age- and gender-matched.
ARVC patients were older than the other groups (P < 0.001).
Gender was equally distributed between ARVC patients and the
other groups (P = 0.834). The number of subjects carrying a patho-
genic mutation was equal in ARVC patients and ARVC relatives
[n = 27 (79%) vs. n = 24 (80%), P = 1.000]. ARVC relatives without a
proven mutation were either relatives who did not undergo genetic
testing (n = 4) or relatives of mutation-negative index patients (n = 2).

By design, all control subjects had echocardiography and CMR
within 1 day. The timeframe between echocardiography and CMR

was equal in ARVC patients and relatives (4± 8 days vs. 3 ± 6 days,
P = 0.115).

By conventional measurements, echocardiography and CMR
both showed increased RV size (P < 0.001) and decreased RV
function (P < 0.001) in ARVC patients compared to ARVC rela-
tives and control subjects (Table 1). RV size and RV function
were within normal range by conventional measurements in
ARVC relatives when compared with control subjects.24 More
conventional measurements are shown in Supplementary data on-
line, Table S1.

Strain analysis
With STE, 315 segments (95%) were eligible for strain analysis; the
basal segment was excluded in one subject, the mid segment was
excluded in three subjects and the apical segment was excluded in 11
subjects. With FT-CMR, 328 segments (99%) were eligible for strain
analysis; the mid segment was excluded in one subject and the apical
segment was excluded in another. Overall, higher PS values were
seen with FT-CMR compared to STE (Table 2). Furthermore, a wider
range of PS values was seen with FT-CMR compared to STE
(Supplementary data online, Figures S1–S4).

With STE, mean PS in the apical segment was higher than in the
basal segment (27.5± 5.5% vs. 20.8 ± 6.1%, P < 0.001). With FT-CMR,
this gradient was reversed; mean PS in the basal segment was higher
than in the apical segment (38.0 ± 9.1% vs. 32.6 ± 11.8%, P < 0.001).

......................................................................................................................................................................................................................

Table 1 Baseline characteristics

ARVC patients (n 5 34) ARVC relatives (n 5 30) Control subjects (n 5 46) P-value

Age (years) 43.4 ± 17.9** 32.6 ± 16.8 27.3 ± 5.4 <0.001

Males 18 (53) 14 (47) 21 (46) 0.834

Pathogenic mutation 27 (79) 24 (80) 1.000

Desmosomal 23 (68) 16 (53) 0.307

Non-desmosomal 4 (12) 8 (27) 0.199

2010 TFC (points) 6 (4)* 2 (1) <0.001

Structural TFC 25 (74)* 2 (7) <0.001

Depolarization TFC 20 (59)* 5 (17) 0.001

Repolarization TFC 20 (59)* 3 (10) <0.001

Arrhythmia TFC 30 (88)* 5 (17) <0.001

Family history TFC 29 (85)* 30 (100) 0.253

Echocardiography

RVOT-PLAX (mm) 35.4 (9.0)** 27.8 (9.0) 26.1 (5.6) <0.001

RVOT-PSAX (mm) 36.5 (6.9)** 29.4 (5.4) 28.8 (4.0) <0.001

FAC (%) 37.5 ± 11.0** 47.7 ± 7.0 45.2 ± 4.2 <0.001

CMR

RV-EDV (mL/m2) 116.3 (59.4)** 90.4 (23.6)* 99.8 (27.1) <0.001

RV-ESV (mL/m2) 63.2 (56.4)** 39.9 (16.5)* 47.3 (17.1) <0.001

RVEF (%) 42.2 ± 12.6** 55.7 ± 6.8 53.3 ± 5.2 <0.001

Values are presented as mean ± SD, median (interquartile range), or n (%). An asterisk (*) indicates a statistical significant difference (P < 0.05) compared to the adjacent group at
the right and a double asterisk (**) indicates a statistical significant difference compared to the two adjacent groups at the right. Statistical tests between subgroups are performed
with a Bonferroni correction for multiple testing.
ARVC, arrhythmogenic right ventricular cardiomyopathy; EDV, end-diastolic volume; ESV, end-systolic volume; FAC, fractional area change; PLAX, parasternal long-axis view;
PSAX, parasternal short-axis view; RV, right ventricular; RVEF, right ventricular ejection fraction; RVOT, right ventricular outflow tract; TFC, task force criteria.

RV deformation: STE vs. FT-CMR 953
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While with STE the lowest PS values were found in the basal seg-
ment, FT-CMR showed the lowest PS values in the mid segment.

Clinical performance
Global strain

STE and FT-CMR both showed significantly lower global PS values in
ARVC patients compared to ARVC relatives (Table 3, Figure 2): global
PS with STE was 19.7 ± 5.7% in ARVC patients and 25.1 ± 3.4% in
ARVC relatives (P < 0.001), global PS with FT-CMR was 27.9± 6.7%
in ARVC patients and 33.6 ± 5.2% in ARVC relatives (P < 0.001).
When comparing ARVC relatives with control subjects, STE and FT-
CMR both showed reduced global PS in ARVC relatives, which was
statistically significant with STE and borderline statistically significant
with FT-CMR (Table 3, Figure 2): global PS in control subjects was

27.1 ± 3.5% (P = 0.042) with STE and 36.4± 6.0% with FT-CMR
(P = 0.084).

Regional strain

STE showed lower strain values in ARVC patients compared to
ARVC relatives in the basal segment (P < 0.001), in the mid segment
(P < 0.001), and in the apical segment (P = 0.052) (Table 3). FT-CMR
also showed lower strain values in ARVC patients compared to
ARVC relatives in the basal segment (P = 0.030) and in the mid seg-
ment (P = 0.034) (Table 3). When comparing ARVC relatives with
control subjects, STE showed lower strain values in ARVC relatives
in the basal segment (P = 0.078) and in the mid segment (P = 0.040).
This was also seen with FT-CMR in the basal segment (P = 0.070) and
in the mid segment (P = 0.070).

Correlation and agreement
Global strain

Correlation between STE and FT-CMR for global PS was moderate
[r = 0.578 (0.427–0.697), P < 0.001]. Bland–Altman plots for global PS
are displayed in Figure 3. For global PS, bias between STE and FT-
CMR was 8.8% and limits of agreement were ±11.8%. Limits of agree-
ment for global PS were comparable for ARVC patients, ARVC rela-
tives, and control subjects (±13.0, ±10.6 and ±11.6, respectively,
Supplementary data online, Figure S5).

A subgroup analysis was performed for subjects who had echocar-
diography and CMR on the same day (n = 81). Correlation and agree-
ment did not improve in this subgroup (Supplementary data online,
Table S2), nor did correlation and agreement improve when STE and
FT-CMR were performed with a similar software package
(Supplementary data online, Figure S9 and Table S3).

Regional strain

Correlation was weaker for regional PS than for global PS (Table 2).
Bland–Altman plots for regional PS in the basal, mid, and apical seg-
ments are displayed in Figure 3. Limits of agreement were wider for
regional PS than for global PS (basal segment ±16.2%; mid segment
±21.6%; apical segment ±23.4%). Limits of agreement for regional PS
were comparable for ARVC patients, ARVC relatives and control
subjects (Supplementary data online, Figures S6–S8). Consistently
higher PS values were measured with FT-CMR in the basal segment
compared to STE (lower limit of agreement: 1.3%, upper limit of
agreement: 33.7%).

......................................................................................................................................................................................................................

Table 2 Mean strain values, correlation and agreement

Global PS (n 5 96) Basal PS (n 5 109) Mid PS (n 5 106) Apical PS (n 5 98)

STE PS (%) 24.3 ± 5.2 20.8 ± 6.1 24.7 ± 5.8 27.5 ± 5.5

FT-CMR PS (%) 33.2 ± 7.1 38.0 ± 9.1 29.0 ± 11.3 32.6 ± 11.8

Rho (95% CI) 0.578 (0.427–0.697)* 0.490 (0.333–0.620)* 0.399 (0.159–0.497)* 0.261 (0.066–0.436)*

Bias (%) 8.8 17.5 4.2 4.8

Limits of agreement (%) ±11.8 ±16.2 ±21.6 ±23.4

Strain measurements are presented as absolute values (mean ± SD). An asterisk (*) indicates a significant correlation (P < 0.05).
FT-CMR, feature tracking cardiovascular magnetic resonance imaging; PS, peak strain; STE, speckle tracking echocardiography.

Figure 2 Global RV PS in different clinical stages by STE and FT-
CMR. With STE (left) and FT-CMR (right), similar differences of RV
strain values are seen between ARVC patients, ARVC relatives and
healthy controls. An asterisk (*) indicates a statistically significant dif-
ference (P < 0.05). ARVC, arrhythmogenic right ventricular cardio-
myopathy; PS, peak strain; RV, right ventricular.
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..Discussion

The present study is among the first to compare RV strain values
derived by STE and FT-CMR. We found that STE and FT-CMR show
a comparable trend of RV strain values among ARVC patients and
relatives. This led to a significant correlation between the modalities,
but suboptimal agreement. Based on our findings, we can neither rec-
ommend using STE and FT-CMR interchangeably, nor can we pro-
vide a correction factor to correct the bias between the two
different techniques.

Clinical utility in ARVC
STE and FT-CMR are both increasingly applied to quantify global and
regional RV deformation in ARVC.2–9 In our study, both techniques
independently showed comparable differences between subgroups
in ARVC. Both techniques showed significant differences between
ARVC patients and relatives of ARVC patients (who do not fulfil
ARVC diagnosis) with both global and regional RV strain.
Interestingly, both techniques also found lower strain values in at-risk
relatives than in healthy control subjects. These abnormalities were
not picked up by conventional imaging measurements, which sup-
ports the hypothesis that conventional imaging modalities lack sensi-
tivity to detect early structural signs of ARVC. The differences
between ARVC relatives and healthy control subjects were found to
be statistically significant with STE and borderline statistically signifi-
cant with FT-CMR, which might suggest that STE is more sensitive
for a subtle decrease of RV PS values than FT-CMR.

Correlation and agreement
Previous studies comparing RV STE and RV FT-CMR showed a mod-
erate correlation between these techniques (r = 0.45 and r = 0.56, re-
spectively).10,11 Previous studies investigating agreement between RV
STE and RV FT-CMR are scarce and of small sample size. Kempny
et al.12 performed RV strain analysis by STE and FT-CMR in a cohort
of 28 adult patients with repaired tetralogy of Fallot (TOF) and 25
healthy controls, and reported limits of agreement of ±8.3% for RV
global longitudinal PS. Furthermore, Padiyath et al.13 compared STE
and FT-CMR in 20 patients with TOF and 20 control subjects, and
reported comparable limits of agreement for RV global longitudinal
PS of ±8.5%. The wide limits of agreement in both aforementioned

studies already suggested that strain values derived by STE and FT-
CMR cannot be used interchangeably in clinical practice. However,
since these studies were both performed in patients with congenital
heart disease and subsequent RV remodelling (i.e. RV hypertrophy),
these results cannot be compared to the results of the present study.

In accordance with the previous studies, we found a moderate but
significant correlation between STE and FT-CMR. We found inter-
modality agreement between STE and FT-CMR for RV strain analysis
to be poor. FT-CMR tended to show higher RV strain values (particu-
larly in the basal segment). The magnitude of the global and regional
RV strain values that were found with FT-CMR were not reported
before by the reference standard sonomicrometry.25,26 Remarkably,
we observed reversed gradients of PS from the basal to the apical
segment of the RV free wall in the two techniques (which is in ac-
cordance with previous studies).4,21 Our results confirm that global
and regional RV strain measurements by STE and FT-CMR currently
cannot be used interchangeably on an individual level.

The following factors may have contributed to the observed inter-
modality differences.

• STE and FT-CMR are based on similar physical principles, but the
techniques use different markers to quantify myocardial motion. In
STE, ‘speckles’ are followed throughout the cardiac cycle, which
are distinct acoustic backscatters that result from interference of
ultrasound waves with the myocardium. CMR images do not have
such scatters, and instead FT-CMR algorithms use ‘features’ which
are anatomic elements that are identified along the cavity-
myocardial interface. It remains unknown whether the motion of
speckles and features are equally representative for RV myocardial
deformation.

• The difficulty to match myocardial segments between echocardi-
ography and CMR due to different scanning angles is a known
source of inter-modality variation. This is particularly true for the
RV because of its complex geometry and anatomical position in
the chest. In this study, we aimed to analyse the RV lateral wall
with both techniques, but slight differences in slice position be-
tween the two modalities are inevitable and cannot be excluded.

• Echocardiography and CMR are known to differ in spatial and
temporal resolution. While the signal-to-noise ratio is relatively
high in CMR, echocardiography may be limited by suboptimal
acoustic windows and thus suboptimal endocardial delineation,
particularly when imaging the RV. This is illustrated by a higher
number of excluded segments in echocardiography than in CMR

.......................................................................................... ............................................................................................

....................................................................................................................................................................................................................

Table 3 Comparison of measurements in different clinical stages

STE FT-CMR

ARVC

patients

(n 5 34)

ARVC

relatives

(n 5 30)

Control

subjects

(n 5 46)

P-value

patients-

relatives

P-value

relatives-

controls

ARVC

patients

(n 5 34)

ARVC

relatives

(n 5 30)

Control

subjects

(n 5 46)

P-value

patients-

relatives

P-value

relatives-

controls

Global PS (%) 19.7 ± 5.7 25.1 ± 3.4 27.1 ± 3.5 <0.001 0.042 27.9 ± 6.7 33.6 ± 5.2 36.4 ± 6.0 <0.001 0.084

Basal PS (%) 15.0 ± 6.5 22.0 ± 3.7 24.0 ± 3.8 <0.001 0.078 32.3 ± 9.4 37.7 ± 8.3 41.8 ± 7.6 0.030 0.070

Mid PS (%) 19.7 ± 6.0 25.2 ± 3.5 27.7 ± 4.3 <0.001 0.040 22.2 ± 10.9 28.5 ± 9.5 33.7 ± 10.4 0.034 0.070

Apical PS (%) 24.2 ± 6.8 27.3 ± 4.0 29.6 ± 4.0 0.052 0.110 29.3 ± 12.7 34.8 ± 9.3 33.7 ± 12.5 0.114 1.000

Strain measurements are presented as absolute values (mean ± SD).
ARVC, arrhythmogenic right ventricular cardiomyopathy; FT-CMR, feature tracking cardiovascular magnetic resonance imaging; PS, peak strain; STE, speckle tracking
echocardiography.
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..in the present study. On the other hand, the temporal resolution
is higher in echocardiography, which is considered to be beneficial
for deformation imaging.1 This may be a more important factor in
the quantification of RV deformation values due to the higher
velocities of the RV free wall compared to the LV myocardial
velocities (in particular the RV basal segment).27 Whether this
impacts the feature tracking algorithm is unknown.

• The reference method for defining onset of systole was different
between STE and FT-CMR in this study. While the timing of these
events was ECG-gated with STE, FT-CMR algorithms use ventricu-
lar volumes to determine the timing. These differences in timing
may have also contributed to the differences in strain values, al-
though the absolute effect of this difference will not explain the
mean bias observed in our study.

Figure 3 Bland–Altman plots for global and segmental RV PS. Bland–Altman plots show weak agreement between STE and FT-CMR. Agreement is
best for global RV PS (upper left plot) and becomes worse when performing regional analysis. FT-CMR, feature tracking cardiovascular magnetic res-
onance imaging; PS, peak strain; STE, speckle tracking echocardiography.
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Future directions
Future studies should be of a longitudinal design to compare the
added prognostic values of both techniques. In our study, we only
investigated RV PS, because other RV measurements derived by STE
(e.g. systolic PS, post-systolic shortening, electromechanical interval,
mechanical dispersion) have not been applied in FT-CMR yet.3,5–7,28

Future studies comparing other RV parameters between STE and
FT-CMR may lead to an improvement of agreement and correlation
between these techniques. Furthermore, we did not include septal
segments in our study because these segments are also part of the
LV. Future studies including these segments would also be of interest.

Limitations
The relatively small number of patients that is included in this study
might be a potential limitation. However, regarding the magnitude of
the differences that were observed between the techniques, we as-
sume that a larger study population will not improve inter-modality
agreement to such an extent that the measurements can be used
interchangeably.

We included patients only when at least one of the segments of
the RV was eligible for strain analysis by both echocardiography and
CMR. Therefore, the feasibility of these techniques may be overesti-
mated in this study.

Not all the echocardiograms and CMRs in this study were per-
formed on the same day. Since strain values may be affected by
physiological differences (such as heart-rate and loading conditions),
this 1-month timeframe may have also induced some differences be-
tween the modalities. Nevertheless, more than half of our population
had both examinations within 1 day. In addition, a subgroup analysis
within this group showed no improvement of correlation and
agreement.

Different software packages were used for STE and FT-CMR in
this study. To exclude major differences induced by software-
variability, we conducted an additional analysis with a similar software
package for both techniques that showed no improvement in agree-
ment and correlation. This, in combination with our extensive experi-
ence with these particular software packages and the resemblance of
regular clinical practice makes the use of different software packages
in this study reasonable.

Conclusion

STE and FT-CMR both show a similar trend within the spectrum of
ARVC and have a significant correlation regarding RV strain measure-
ments. Inter-modality agreement is however suboptimal, in particular
for regional assessment. STE and FT-CMR may therefore both indi-
vidually have added value for assessment of RV function, but the
strain values obtained by these techniques cannot be used inter-
changeably in clinical practice. Future studies should aim to compare
the prognostic values of both techniques.

Supplementary data

Supplementary data are available at European Heart Journal - Cardiovascular
Imaging online.
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