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Abstract: Background Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a rare genetic
disorder associated with an elevated risk of life-threatening arrhythmias and progressive ventricular
impairment. Risk stratification is essential to prevent major adverse cardiac events (MACE). Our study
aimed to investigate the incremental value of strain measured by two-dimensional speckle-tracking
echocardiography in predicting MACE in ARVC patients compared to conventional echocardio-
graphic parameters. Methods and Results This was a retrospective, single-centre cohort study of
83 patients with ARVC (51% males, median age 37 years (IQR: 23, 53)) under the care of the In-
herited Cardiac Conditions clinic at University Hospital Birmingham. MACE was defined as one
of the following: sustained ventricular tachycardia (Sus VT), ventricular fibrillation (VF), appro-
priate implantable cardio-defibrillator (ICD) therapy [shock/anti-tachycardia pacing (ATP)], heart
failure (defined as decompensated heart failure, cardiac index by heart catheter, HF medication, and
symptoms), cardiac transplantation, or cardiac death. Echocardiography images were analysed by
a single observer for right ventricle (RV) and left ventricular (LV) global longitudinal strain (GLS).
Multivariable Cox regression was performed in combination with RV fractional area change and
tricuspid annular plane systolic excursion. During three years of follow-up, 12% of patients suffered
a MACE. ARVC patients with MACE had significantly reduced RV GLS (−13 ± 6% vs. −23 ± 6%,
p < 0.001) and RV free wall longitudinal strain (−15 ± 5% vs. −25 ± 7%, p < 0.001) compared to
those without MACE. Conclusions Right ventricular free wall longitudinal strain (RVFWLS) may be
a more sensitive predictor of MACE than conventional echocardiographic parameters of RV function.
Moreover, RV-free wall longitudinal strain may have superior predictive value compared to RV GLS.

Keywords: arrhythmogenic right ventricular cardiomyopathy; transthoracic echocardiography;
speckle tracking; global longitudinal strain; prognosis

1. Introduction

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is an inherited cardiac dis-
ease that is the primary cause of sudden cardiac death in individuals under the age of 35 [1].
Histopathologically, the disease is characterised by the replacement of cardiomyocytes with
fibrofatty tissue, mainly in the right ventricle (RV), leading to structural and functional
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abnormalities [2]. Accurate evaluation of the risk of arrhythmia is critical since arrhythmias
can manifest in the initial stages of the disease (before many of the diagnostic structural
changes are evident) [3], and prompt implantation of a cardioverter-defibrillator (ICD) can
save lives [4]. Echocardiography plays a key role in the diagnosis and clinical evaluation
of patients with ARVC, serving as a valuable method for detecting right ventricle (RV)
abnormalities and assessing prognosis in this group of patients [5,6]. Speckle tracking
echocardiography (STE) has emerged as a more accurate measurement of RV dysfunction,
even when conventional parameters remain within the normal range [7,8].

RV strain can be analysed either as RV global longitudinal strain (RVGLS), which
includes the interventricular septum, or RV free wall longitudinal strain (RVFWLS), ex-
cluding the interventricular septum. Both techniques provide different perspectives on
RV myocardial deformation. Although both ventricles share the same myocardial fibres
within the interventricular septum, it is considered part of the left ventricle (LV) and mainly
reflects the movement of the LV [9]. A comparison between both techniques in terms of
their predictive value for adverse events holds significant clinical importance. To date,
there has been no previous comparison of RVGLS and RVFWLS to determine which RV
strain parameter may be superior for predicting cardiac events among patients with ARVC.

Therefore, this study aimed to (1) assess whether STE-RV strain can predict ma-
jor adverse cardiac events (MACE); (2) evaluate the incremental value of STE-RV strain
over conventional echocardiographic parameters in ARVC patients without prior MACE;
(3) compare the predictive value of RVFWLS and RVGLS in patients with ARVC.

2. Methods
2.1. Study Population

This was a retrospective study that recruited patients from a single centre, the Inherited
Cardiac Conditions clinic (ICC) at the University Hospitals Birmingham, United Kingdom.
The study included adult patients aged 18 and older with definite and non-definite (early)
ARVC from 2010 to 2022. Patients were excluded if they had hypertension, ischemia, or
valve disease as the most likely cause of heart disease. Patients were also excluded if they
had suffered a MACE prior to entry. Demographics, medical history, and clinical data were
identified through the interrogation of digital health records.

The categorisation of patients into definite and non-definite (early) ARVC was based
on the 2010 Task Force Criteria (TFC). A definite ARVC diagnosis was made when two major
criteria or one major and two minor criteria or four minor criteria from different categories
were met. A non-definite ARVC diagnosis was made when one major and one minor
criterion or three minor criteria from different categories were met or when one major or
two minor criteria from different categories were met [3]. This determination was made
through a discussion by a multidisciplinary team, including ICC clinicians with expertise
in electrophysiology, genetics, and cardiovascular imaging. Non-definite ARVC patients
(borderline and possible) who had not undergone genetic testing were excluded because
they might not represent true early ARVC cases. Definite ARVC patients who did not
undergo genetic testing but exhibited clear ARVC phenotypes were included, however, as
their clinical presentation met the diagnostic criteria.

2.2. Electrocardiographic Evaluation

In accordance with our previous published studies of patients within the ICC clinic [10,11],
all patients underwent a 12-lead ECG, signal-averaged ECG (SAECG) and 24 h ambulatory
ECG. Phenotypic ECG criteria were assessed in accordance with the 2010 TFC [3].

2.3. Echocardiography

Transthoracic echocardiography (TTE) was conducted by qualified echocardiographers
accredited by the British Society of Echocardiography (BSE). Images were reanalysed offline
using IntelliSpace Cardiovascular technology (ISCV; Philips, Amsterdam, The Netherlands)
by a single observer (AA). Conventional parameters were measured in accordance with
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the latest requirements outlined in the established BSE guidelines [12]. RV fractional area
change (RV-FAC) was calculated from the RV end-diastolic area (RVEDA) and RV end-
systolic area (RVESA), measured in the apical four-chamber view. Tricuspid annular plane
systolic excursion (TAPSE) was measured by M-mode, also in the apical four-chamber
view. LV ejection fraction (LV-EF) was obtained using the biplane Simpson method. 3D
volumetry was not available for clinical studies during the time of recruitment.

RV and LV strains were assessed using two-dimensional speckle tracking echocar-
diography (2DSTE) by one independent operator (AA) using the Tomtec Imaging System.
LVGLS was obtained by averaging values from the four, three, and two-chamber views by
automatically tracking the endocardial borders during end-diastole and end-systole. Global
longitudinal strain was not calculated in those cases where regional tracking was poor in
2 or more myocardial segments. RV strain was obtained in the apical four-chamber view.
Endocardial borders were automatically tracked during end-diastole and end-systole, with
manual corrections if necessary. The RV was then automatically divided into six segments,
which included basal, middle, and apical segments of both the interventricular septum and
RV free wall. RVGLS was obtained by averaging values of the six segments, while RVFWLS
was obtained by averaging values of the three segments of the RV free wall.

The first available echocardiographic images were taken at the time of the examina-
tion. In cases where multiple examinations were available, we consistently chose the first
trackable echocardiogram to ensure uniformity in our data analysis while maintaining the
best possible image quality for accurate assessment.

The primary outcome of this study was the occurrence of MACE following echocar-
diography. MACE was defined as one of the following: sustained ventricular tachycardia
(VT), ventricular fibrillation (VF), appropriate implantable cardio-defibrillator (ICD) ther-
apy [shock/anti-tachycardia pacing (ATP)], heart failure (defined as decompensated heart
failure, impaired cardiac index by heart catheter, HF medication, and symptoms), cardiac
transplantation, or death. Outcome data were collected via an exhaustive review of individ-
ual electronic patient records. As per standard clinical practice, clinical episodes occurring
elsewhere were reported to the clinical team at University Hospitals Birmingham NHS
Foundation Trust, and a comprehensive review of clinical episodes was performed as part
of the standard follow-up.

3. Statistical Analysis

Continuous variables are presented as mean (±standard deviation) for normally
distributed variables or median (interquartile range) for non-normally distributed variables
and compared using independent-sample t-tests or Mann–Whitney U tests, respectively.
Categorical variables are presented as proportions (%) and compared using Fisher’s exact
tests or Chi-squared tests. Differentiation between normally and non-normally distributed
data was assessed by the Shapiro–Wilk test. Statistical analyses were performed using
IBM SPSS 27. To determine the association between the strain and the primary outcome,
univariate and multivariable Cox regression analyses were performed. Patients were
censored at the date of their last follow-up or the date of the first MACE event, whichever
occurred first. To ensure that our data were not influenced by overfitting, we added
each strain variable to separate models in combination with (i) RV-FAC, (ii) TAPSE and
(iii) LVGLS.

4. Results
4.1. Patient Cohort

As demonstrated in Figure 1, during the period from 2010 to 2022, the ICC clinic
received 1469 new patients for confirmed or suspected arrhythmia syndromes, including
ARVC. Out of these, 1105 patients were ruled out due to a different diagnosis. The most
common categories included long QT syndrome, hypertrophic cardiomyopathy (HCM),
dilated cardiomyopathy (DCM), Brugada syndrome, and catecholaminergic polymorphic
ventricular tachycardia (CPVT). A total of 364 patients were specifically assessed for the
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presence of major and minor ARVC criteria as per the 2010 TFC. Of these, 181 patients
were excluded for the following reasons: negative genetic testing for family members of an
ARVC proband with a confirmed pathogenic variant (n = 14), patients who did not meet
the criteria for either a definite or non-definite diagnosis of ARVC (n = 88), incomplete
phenotypic data (n = 19), patients aged under 18 years screened for ARVC (n = 26), and
those with idiopathic VF/VT (n = 34). Of the remaining 183 patients, 32 non-definite (early)
patients were excluded for not undergoing genetic testing. The total number of ARVC
patients was 151. Of those, 68 patients were excluded for various reasons, including lack of
follow-up at the hospital (n = 14), patients with a prior history of MACE (n = 26), those with
follow-up less than six months (n = 11), and patients with suboptimal echocardiography
image quality (n = 17). The final study population included 83 patients, consisting of
12 patients with MACE during follow-up and 71 patients without MACE.
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4.2. Baseline Characteristics

Of the 83 ARVC patients diagnosed according to the 2010 TFC, 42 (51%) subjects were
male, with a median age of 37 (IQR: 23, 53) years, and most carried a pathogenic gene
variant associated with ARVC 58 (71%). Patients with MACE tended to fulfil a definite
ARVC diagnosis at baseline (n = 9 (75%) vs. n = 17 (24%), p = 0.001), experienced more
syncope (n = 7 (58%) vs. n = 3 (4%), p < 0.001), and palpitations (n = 9 (75%) vs. n = 17
(24%), p = 0.001) at inclusion. There was no difference in median age (43 (IQR: 32, 52) vs. 37
(IQR: 23, 53) years, p = 0.641) or sex (male n = 7 (58%) vs. male n = 35 (49%), p = 0.756) and
the presence of a pathogenic variant was not associated with MACE (n = 7 (58%) vs. n = 51
(73%), p = 0.320). During a median follow-up of 3 (IQR 1, 5) years, twelve (14%) patients
developed MACE, including six patients with sustained VT, three patients who received
ICD shocks, and three patients who developed HF. The baseline characteristics of the study
subjects are shown in Table 1.
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Table 1. Clinical and demographic characteristics of the study cohort.

Demographic Overall = 83 MACE During
Follow-Up = 12

No MACE During
Follow-Up = 71 p Value

Age (years), median (IQR) 37 (23, 53) 43 (32, 52) 37 (23, 53) 0.641

Male sex, (%) 42 (51%) 7 (58%) 35 (49%) 0.756

Body surface area (m2), median (IQR) 1.9 (1.7, 2.0) 1.9 (1.7, 2.0) 1.9 (1.7, 2.0) 0.466

Stage of ARVC

Definite, (%) 26 (31%) 9 (75%) 17 (24%)
0.001

Early, (%) 57 (69%) 3 (25%) 54 (76%)
a Pathogenic variant (%) 58 (71%) 7 (58%) 51 (73%) 0.320

PKP2, (%) 32 (39%) 4 (33%) 28 (40%) 0.757

DSP, (%) 25 (30%) 2 (17%) 23 (33%) 0.328

DSG2, (%) 1 (1%) 1 (8%) 0 (0%) 0.146

Variant of unknown significance (VUS), (%) 1 (1%) 1 (8%) 0 (0%) 0.146

No pathogenic mutation identified, (%) 23 (28%) 4 (33%) 19 (27%) 0.731

Symptoms

Palpitation, (%) 26 (31%) 9 (75%) 17 (24%) 0.001

Syncope, (%) 10 (12%) 7 (58%) 3 (4%) <0.001
b History of sport

History of Competitive sport, (%) 15 (20%) 4 (36%) 11 (17%)

0.302History of Non-competitive sport, (%) 14 (19%) 1 (9%) 13 (21%)

No history of sport, (%) 45 (61%) 6 (55%) 39 (62%)

Medication

Statins, (%) 4 (5%) 3 (25%) 1 (1%) 0.009

Anticoagulant, (%) 5 (6%) 3 (25%) 2 (3%) 0.020

Antiarrhythmic drugs, (%) 5 (6%) 3 (25%) 2 (3%) 0.020

Beta blocker, (%) 11 (13%) 6 (50%) 5 (7%) <0.001

Follow-up period (years), median (IQR) 3 (1, 5) 1 (1, 5) 3 (2, 5) 0.123

Data are reported as median (IQR), with p-values from Mann–Whitney U tests; or as number (%), with p-values
from Fisher’s exact tests. a genetic testing was performed of 82 patients, b sport information was available for
74 patients.

4.3. Electrocardiographic Evaluation

The 12-lead ECG, SAECG and 24 h ambulatory ECG data from patients with and with-
out MACE are summarised in the Supplementary Table S1. Epsilon waves were noted only
in the three patients (25%) with MACE during follow-up, while patients without MACE
demonstrated no major ECG depolarisation criteria (p < 0.001). Minor ECG repolarisation
criteria were more commonly observed in patients with MACE (n = 7 (58%) vs. n = 5 (7%),
p < 0.001). Additionally, patients with MACE showed a higher prevalence of PVCs during
a 24 h ambulatory ECG recording (n = 6 (86%) vs. n = 9 (30%), p = 0.011).

4.4. Imaging Evaluation

ARVC patients with MACE had significantly reduced right ventricular function, with
a median RV-FAC of 33% (IQR: 25, 40) compared to 46% (IQR: 41, 53, p < 0.001) in those
without MACE (Figure 2). Additionally, TAPSE was 1.9 cm (IQR: 1.3, 2.1) in patients with
MACE and 2.1 cm (IQR: 1.8, 2.4, p = 0.025) in those without MACE (Figure 3). The RVOT
diameter by PLAX view was dilated in patients with MACE (3.8 ± 0.6 cm vs. 2.8 cm ± 0.6,
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p < 0.001) compared to those without MACE. Moreover, patients with MACE during follow-
up showed significantly lower LV-EF 57% (IQR: 48, 62) vs. 62% (IQR: 58, 67, p = 0.027) and
presented with a greater extent of LGE (n = 6 (86%) vs. n = 10 (25%), p = 0.004) compared
to those without MACE (Table 2). Figure S1 in the supplementary illustrates the RV and
LV-LGE distribution in patients with and without MACE.
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Table 2. Imaging characteristics of patients with and without MACE during follow-up.

Overall = 83 MACE During
Follow-Up = 12

No MACE During
Follow-Up = 71 p Value

Echo Data

RVOT PLAX (cm), mean ± SD 3.0 ± 0.7 3.8 ± 0.6 2.8 ± 0.6 <0.001

RVEDA (cm2), median, (IQR) 19 (16, 24) 27 (20, 35) 18 (15, 21) <0.001

RV-FAC (%), median, (IQR) 45 (39, 51) 33 (25, 40) 46 (41, 53) <0.001

TAPSE (cm), median, (IQR) 2.0 (1.8, 2.3) 1.9 (1.3, 2.1) 2.1 (1.8, 2.4) 0.025

LVEDV (ml), mean ± SD 98 ± 30 99 ± 42 98 ± 28 0.926

LV-EF (%), median, (IQR) 61 (57, 66) 57 (48, 62) 62 (58, 67) 0.027

STE-RVFWLS (%), mean ± SD −24 ± 8 −15 ± 5 −25 ± 7 <0.001

STE-RVGLS (%), mean ± SD −21 ± 7 −13 ± 6 −23 ± 6 <0.001

STE-LVGLS (%), mean ± SD −22 ± 5 −18 ± 4 −23 ± 5 0.002
a LGE present, (%) 16 (34%) 6 (86%) 10 (25%) 0.004

RV-LGE, (%) 11 (23%) 4 (57%) 7 (18%) 0.042

LV-LGE, (%) 10 (21%) 4 (57%) 6 (15%) 0.029

Abbreviations: RVOT PLAX: right ventricular outflow tract parasternal long axis; RVEDA: right ventricular
end-diastolic area; RV-FAC: right ventricular fractional area change; TAPSE: tricuspid annular plane systolic
excursion; RVFWLS: right ventricular free wall longitudinal strain; RVGLS: right ventricular global longitudinal
strain; LVGLS: left ventricular global longitudinal strain; LGE: late gadolinium enhancement. a LGE assessment
was performed in 48 patients (with MACE n = 7, no MACE n = 40).

4.5. Strain Analysis

RVFWLS and RVGLS, stratified by the occurrence of MACE, are shown in Table 2. Both
RVFWLS and RVGLS were significantly reduced in patients with MACE compared to those
without MACE (−15 ± 5% vs. −25 ± 7%, p < 0.001 and −13 ± 6% vs. −23 ± 6%, p < 0.001,
respectively), (Figures 4 and 5). Additionally, LV GLS values were significantly decreased
in patients with MACE compared to those without MACE (−18 ± 4% vs. −23 ± 5%,
p = 0.002), (Figure 6).

To assess the predictive value of RV-STE over conventional parameters, we performed
univariate and multivariable Cox regression analyses for RVFWLS and RVGLS in combina-
tion with (i) RV-FAC, (ii) TAPSE, and (iii) LVGLS, as demonstrated in Tables 3 and 4. All RV
functional parameters were strongly associated with MACE in univariate Cox regression
analyses. However, RVFWLS remained the only significant predictor in multivariate analy-
ses when compared to RV-FAC (HR 1.4, 95% CI 1.0–2.0, p = 0.031) and TAPSE (HR 1.4, 95%
CI 1.1–2.0, p = 0.020). Furthermore, LVGLS was a significant predictor of MACE during
follow-up (HR 1.3, 95% CI 1.0–1.7, p = 0.034), as shown in Table 4. After identifying outliers
in our data, we conducted a separate analysis excluding these outliers. Remarkably, the
results remained consistent, indicating that the presence of outliers did not significantly
impact our findings; the results are shown in Supplementary Tables S2 and S3.

Additionally, a separate analysis was performed that only included definite patients.
The results from both univariate and multivariate Cox regression analyses showed that
only LV GLS remained a significant predictor of MACE. These results are shown in Supple-
mentary Tables S4 and S5.

To assess the predictive value between RVFWLS and RVGLS, a separate Cox regression
model was performed (Table 4, model 4). RVFWLS demonstrated a stronger predictive
value for MACE (HR 1.4, 95% CI 1.0–2.0, p = 0.026) compared to RVGLS (HR 0.9, 95% CI
0.7–1.2, p = 0.377), as shown in Table 4. In addition, the predictive value of segmental strain
was assessed, but only the apical RVFWLS segment was predictive of MACE, as shown in
Supplementary Table S6.
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Table 3. Univariable Cox proportional hazards model for MACE prediction of right ventricular global
longitudinal strain (RVGLS) and right ventricular free wall longitudinal strain (RVFWLS).

Univariable Model

HR (95% CI) p-Value

RV-FAC (%) 0.9 (0.9, 1.0) 0.004

TAPSE (cm) 0.1 (0.0, 0.7) 0.015

STE-RVFWLS (%) 1.3 (1.1, 1.4) <0.001

STE-RVGLS (%) 1.2 (1.1, 1.3) <0.001

STE-LVGLS (%) 1.5 (1.2, 1.9) 0.002
Abbreviations: RV-FAC: right ventricular fractional area change; TAPSE: tricuspid annular plane systolic excursion;
RVFWLS: right ventricular free wall longitudinal strain; RVGLS: right ventricular global longitudinal strain;
LVGLS: left ventricular global longitudinal strain.

Table 4. Multivariable Cox proportional hazards model for MACE prediction.

Multivariable Model 1 Multivariable Model 2 Multivariable Model 3
Multivariable Model 4

RV-FAC TAPSE STE-LVGLS

HR
(95% CI)

p-Value HR p-Value HR p-Value HR p-Value(95% CI) (95% CI) (95% CI)

RV-FAC (%),
per unit measure 1.0 (0.9, 1.1) 0.926 - - - - - -

TAPSE (cm), per unit measure - - 0.5 (0.1, 2.5) 0.367 - - - -

STE-RVFWLS (%), per
unit measure 1.4 (1.0, 2.0) 0.031 1.4 (1.1, 2.0) 0.020 1.6 (1.1, 2.4) 0.010 1.4 (1.0, 2.0) 0.026

STE-RVGLS (%) per unit measure 0.9 (0.7,1.2) 0.379 0.9 (0.6, 1.1) 0.243 0.7 (0.5, 1.0) 0.060 0.9 (0.7, 1.2) 0.377

STE-LVGLS (%) per unit measure - - - - 1.3 (1.0, 1.7) 0.034

Abbreviations: STE: speckle tracking echocardiography; RV-FAC: right ventricular fractional area change; TAPSE:
tricuspid annular plane systolic excursion; RVFWLS: right ventricular free wall longitudinal strain; RVGLS: right
ventricular global longitudinal strain; LVGLS: left ventricular global longitudinal strain.
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5. Discussion

The major findings of our study were that ARVC patients with lower RV strain,
including both RVGLS and RVFWLS, have a greater risk of MACE over an average follow-
up of 3 years. After adjustment for TAPSE and RV-FAC, only RVFWLS showed incremental
value over conventional echocardiographic parameters in predicting adverse events.

Our data found that strain, as measured by RVGLS, RVFWLS, and LVGLS, is associated
with MACE during follow-up in ARVC patients. Several reports have shown the value
of RV strain in ARVC patients [13–15]. Sarvari et al. [16] reported on the utility of RV
strain in detecting asymptomatic mutations in individuals prone to ventricular arrhythmias.
Furthermore, Kirkkles et al. [13] validated these results in a larger cohort consisting of
150 definite ARVC patients and emphasised the utility of RV strain in identifying patients
at risk of arrhythmia. We found that RVFWLS was the only significant predictor of MACE
after correcting for RV-FAC and TAPSE. Previous studies have evaluated the performance of
multiple RV strain parameters and their relationship with ventricular arrhythmia [17–19] as
well as the utility of conventional echocardiographic parameters, particularly RV-FAC [20],
in relation to ventricular arrhythmia. Lie et al. [18] demonstrated that RV longitudinal
strain (expressed as mechanical dispersion) was associated with ventricular arrhythmias
in ARVC patients during follow-up. Moreover, Kirkels et al. [19] found that 29% (47/170)
of ARVC patients with a history of life-threatening ventricular arrhythmias demonstrated
longer RV mechanical dispersion compared to those without (53 ms vs. 21 ms, p < 0.001).
More importantly, they found that adding RV mechanical dispersion to RV deformation
patterns categorised by the sub-tricuspid region significantly improved the association
with ventricular arrhythmias in ARVC patients. While these results may seem promising, it
is important to note that these studies did not compare the predictive value of RV strain
and conventional parameters.

In our study, Cox regression analysis demonstrated that RVFWLS has superior value
over traditional functional assessments (RV-FAC and TAPSE) in predicting those patients
at risk of MACE. This could be attributed to the fact that RV longitudinal strain provides
continuous evaluation of myocardial function by tracking acoustic markers (called speck-
les) throughout the cardiac cycle [21], allowing identification of both peak contraction
and maximum relaxation. In contrast, RV-FAC assesses frames only at end-systole and
end-diastole, offering a limited snapshot of ventricular function at these particular phases.
TAPSE has several limitations, including angle and load dependency, along with the possi-
ble confounding impact of left ventricular function [22]. Further, assessing the structure
and function of the RV by echocardiography poses challenges due to the intricate geometry
of the RV [16]. Therefore, incorporating RV-free wall strain into routine echocardiographic
assessment in ARVC patients might prove beneficial for several reasons. Firstly, strain
measurements offer higher sensitivity as they can detect early myocardial changes [23],
often before conventional methods. Secondly, RV-free wall strain provides additional value
in predicting outcomes such as the risk of arrhythmia and heart failure [24]. This infor-
mation enables more tailored and proactive patient management, specifically influencing
the timing of ICD implantation. In addition, RV-free wall strain is easier to evaluate and
widely available compared to other strain variables, such as mechanical dispersion and
sub-tricuspid patterns.

LVGLS is associated with a worse prognosis in various cardiovascular conditions [25–27].
In our study, we found that LVGLS predicted patients at risk of MACE. This is to be expected, as
LV function remains a key factor in identifying high-risk patients for potential ICD implantation
in primary prevention [28], and LVGLS has superior value to LV-EF in predicting cardiovascular
outcomes [29]. Including LVGLS in the echocardiography assessment of ARVC patients is
important for a more comprehensive evaluation and early detection of LV involvement, which
should improve risk stratification and enhance patient care.

While progress is being made in standardising RV strain measurements, there is an
ongoing debate regarding the clinical utility of measuring RVGLS, which includes both
the interventricular septum and the RV free wall, versus RVFWLS, which excludes the
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interventricular septum. Previous studies comparing RVGLS and RVFWLS are conflicting,
with a prospective observational study [30] showing that RVGLS appears to outperform
RV free wall GLS in predicting mortality in patients undergoing cardiac resynchronisation
therapy. Nevertheless, it should be emphasised that that study did not include left ven-
tricular function as a predictor in Cox regression analysis. In contrast, Gao Y et al. [31]
compared the prognostic value of both techniques in patients with repaired tetralogy of
Fallot during 2.8 years of follow-up and observed that RVFWLS was identified as a more
accurate predictor of adverse outcomes compared to both RV and LV GLS. Although the
findings of that study align with our observations, the results needed confirmation due
to the different populations recruited. Therefore, our data showed that RVFWLS exhibits
superior performance compared to RV GLS. This could be explained by the involvement
of the interventricular septum in RV GLS, which is more susceptible to influence from LV
movement [32]. Furthermore, RVFWLS specifically evaluates the function of the RV-free
wall, which is often the most affected area in ARVC pathology; focusing on this region may
provide a precise tool for risk stratification.

6. Limitations

We only included patients with no history of MACE, and caution should be exercised
when applying our findings to those with a previous MACE (secondary prevention). In this
paper, ATP was included as a component of MACE, as we felt it was important to capture
episodes of VT that may reflect electrical instability due to the arrhythmogenic substrate
and also as a potential marker of so-called ‘hot phases’. We acknowledge, however, that
ATP alone may not be a definitive predictor of SCD. Strain analysis was not available for all
patients due to suboptimal image quality. SAECG and 24 Holter were not performed for all
patients, and some were not conducted at baseline; however, they were performed as close
as possible to the time of admission. The small number of MACE restricts the validity of the
analysis, but this is an inevitable limitation to any study of rare diseases. Acknowledging
this limitation, our results are consistent with previously published cohorts, and we believe
they add to the literature on the utility of strain in ARVC.

7. Conclusions

Our study found that RVFWLS is a strong predictor of adverse events, showing
incremental value over conventional parameters and RVGLS and contributing to more
accurate risk stratification in ARVC patients. Future studies might focus on exploring the
predictive value of 3D STE in assessing cardiovascular outcomes in this patient population.
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