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Abstract

evidence.

In the context of ARVC, a systematic review of the validation of the ARVC risk score can provide insights into the accu-
racy and reliability of this score in identifying patients at high risk of ARVC. Digital databases were searched to identify
the relevant studies using Medical Subject Headings (MeSH). A total of 8 studies were included in this systematic
review. A total of 8 studies were included in this review. The review found that the sensitivity of the ARVC risk scores
ranged from 80 to 95%, and the specificity ranged from 31 to 79%. The PPV was 55%, and the NPV was 88%. The
ARVC score provided a C-index for a 5-year VA risk prediction of 0.84 [95% Cl (0.74-0.93)] and a Harrell C-index of 0.70
(95% Cl 0.65-0.75). The calibration slope was 1.01 (95% Cl 0.99-1.03). ARVC score demonstrated a significant event
5-year threshold between 15 and 20% and the classical ARVC 5-years/freedom-from-VA rate was 0.76(0.66-0.89)

and the non-classical form 5-years/freedom-from-VA rate was 0.58 (0.43-0.78). In conclusion, the validation of ARVC
risk scores is an essential step toward improving the accuracy of ARVC diagnosis and risk stratification. Further studies
are needed to establish the accuracy and reliability of ARVC risk scores and to address the limitations of the current

Introduction

Arrhythmogenic right ventricular cardiomyopathy
(ARVC) is a genetic disorder of the heart that increases
the risk of life-threatening ventricular arrhythmias (VA)
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and sudden cardiac death (SCD), particularly in the
young population and athletes [1-8]. Early diagnosis
of ARVC is essential for effective risk stratification and
prompt initiation of treatment to prevent SCD, and an
implantable cardioverter defibrillator (ICD) is a corner-
stone of primary and secondary prevention [3]. How-
ever, the diagnosis of ARVC remains challenging due to
its heterogeneous presentation, and its subjectivity limits
current diagnostic criteria [1]. To address this issue, vari-
ous risk scores have been proposed to improve the accu-
racy of ARVC diagnosis [5, 6].

ARVC risk scores are tools used by healthcare pro-
fessionals to assess the risk of adverse events, such as
ventricular arrhythmias and sudden cardiac death, in
individuals with ARVC. These risk scores are valuable
for guiding treatment decisions, including the implan-
tation of defibrillators, which can shock the heart back
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into a normal rhythm if a dangerous arrhythmia occurs.
One of the most widely used tools for assessing ARVC
risk is the ARVC Risk Stratification Score [5]. This score
incorporates various key factors such as the presence
and frequency of ventricular arrhythmias, family history
of sudden cardiac death, specific electrocardiographic
abnormalities, and the extent of right ventricular involve-
ment as seen in imaging studies [3]. By considering these
elements, healthcare providers can categorize patients
into different risk groups, enabling them to tailor treat-
ment plans accordingly. Another critical aspect of ARVC
risk assessment is genetic testing. Genetic mutations
are often associated with ARVC, and identifying these
mutations in patients and their family members can sig-
nificantly influence risk stratification. Certain genetic
mutations are linked to a higher likelihood of develop-
ing ARVC and experiencing severe arrhythmias. There-
fore, genetic testing plays an essential role in refining
ARVC risk scores and guiding personalized management
approaches [1-8].

In the context of ARVC, a systematic review of the
validation of ARVC risk scores can provide insights into
the accuracy and reliability of these scores in identify-
ing patients at high risk of ARVC. The review results
can provide important information for clinicians and
researchers in making informed decisions about using
ARVC risk scores for the ARVC risk of SCD. Overall, val-
idating ARVC risk scores is a crucial step toward improv-
ing the accuracy of ARVC diagnosis and reducing the risk
of sudden cardiac death in affected individuals. A system-
atic review of the available evidence can provide valuable
insights into the reliability and usefulness of these scores
and guide the development of improved diagnostic strat-
egies for ARVC.

Methods

This review followed the Preferred Reporting Items
in Systematic Reviews and Meta-Analyses (PRISMA)
statement guidelines and data from the original articles
included in this review can be obtained in the reference
section and Table 1 [9].

Search strategy and selection criteria

PubMed/MEDLINE, EMBASE, Web of Science,
CINAHL, and Scopus were searched using various Medi-
cal Subject Headings (MeSH) combinations to identify
the relevant studies. No time filters and language restric-
tions were placed on the search algorithm and backward
snowballing was used to identify missing articles in the
primary search. The MeSH consisted of the following
words: “arrhythmogenic right ventricular cardiomyopa-
thy” OR “arrhythmogenic right ventricular dysplasia” OR
“ARVC” OR “ARVD” AND “ARVC risk calculator” AND
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“external validation” OR “internal validation” OR “effi-
cacy” OR “sensitivity” The Boolean operators were used
to combine the subsets, and the results were downloaded
into the Covidence library.

Two investigators (M.M. and J.M.) reviewed the titles
and abstracts independently. The studies showing valida-
tion of the ARVC risk calculator by Marcus et al. were
selected for full-text review. They included randomized
controlled trials and other observational studies for this
study question. All other manuscripts, including case
reports, preprints, conference papers, and editor letters,
were excluded. All data were validated by the lead author
(J.M.); in case of missing data, authors of the original
manuscripts were contacted for data review. The last
search ended on Feb 14, 2023.

Data extraction/data analysis and quality assessment

The two authors extracted data about the patient demo-
graphics, 2020 Task Force Criteria for ARVC diagno-
sis, and validation parameters (J.B. and J.M.). Detailed
patient-level and study-oriented characteristics were
abstracted in Table 1. The statistical analysis was per-
formed using the standard statistical analysis software
(The Statistical Package for Social Sciences version 26).
Continuous data were presented as mean and standard
deviation (SD), while categorical data were presented as
frequency (n) and percentages (%).

The overall quality of the studies was assessed using the
Oxford Quality Scoring System (Jadad) for RCTs, and the
Newecastle—Ottawa scale was used for the assessment of
observational studies. The study quality is presented in
Additional file 1: Fig. S1.

Results

Search results

In general, 37 records were searched using the databases.
After the removal of duplicates (25) and irrelevant items
(2), 10 papers were screened for their titles and abstracts.
Ultimately, 8 studies were identified as potentially eligible
for our systematic review. The retrieval process flowchart
is shown in Fig. 1.

Study outcomes

All study-level characteristics are shown in Table 1 [1-8].
Aquaro (2020) conducted a retrospective cohort study
involving 140 participants to assess Arrhythmogenic
Right Ventricular Cardiomyopathy (ARVC) risk using
different criteria, including the ITFC consensus state-
ment, HRS criteria, and an ARVC risk score. The ARVC
risk score demonstrated high sensitivity (95%) but rela-
tively low specificity (31%) for predicting major events.
It was noted that using a 5-year ARVC risk score>10%
could prevent more events compared to other criteria
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Fig. 1 PRISMA flowchart

but at the expense of increased ICD implantations. In the
same cohort, Aquaro (2020) also compared the sensitiv-
ity and specificity of cardiac magnetic resonance imaging
(CMR) and the ARVC risk score. CMR had a sensitiv-
ity of 75% and specificity of 67%, while the ARVC risk
score had a higher sensitivity of 83% but lower specificity
(39%). The study also explored factors such as left ven-
tricular (LV) involvement in ARVC presentations. Gasp-
eretti (2020) conducted a prospective cohort study with
25 participants to assess ARVC risk using the 2010 Task
Force Criteria and the ARVC risk score. The study found
that clinical detraining had a positive effect on reducing
arrhythmias but did not significantly reverse remodeling

of right ventricular ejection fraction (RVEF). Casella
(2020) conducted a retrospective cohort study involv-
ing 101 participants to compare ITFC risk assessment
models with an ARVC risk calculator. The ARVC risk
calculator appeared effective in predicting arrhythmic
risk in classical ACM forms but underperformed in non-
classical forms. The study suggested that an integration
with invasive assessment techniques might be necessary
in cases with early left ventricular involvement. Baudin-
aud (2021) conducted a retrospective cohort study with
128 participants, using the 2015 ARVC Task Force Con-
sensus criteria and an ARVC risk score. The ARVC risk
score showed a sensitivity of 80% and specificity of 79%.
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During the follow-up, the model provided good discrimi-
nation for predicting ventricular arrhythmias. However,
it tended to overestimate the risk when applying certain
thresholds. Carrick (2022) conducted a retrospective
cohort study with 408 participants, utilizing an ARVC
risk calculator. The study found that cumulative ventric-
ular arrhythmia (VA)-free survival at 5 years was 71.3%.
The study identified several predictors of VA events,
including left ventricular ejection fraction (LVEF), anti-
arrhythmic medications, exercise, beta-blockers, non-
sustained ventricular tachycardia (NSVT), T-wave
inversion, and right ventricular (RV) dysfunction. Jorda
(2022) conducted a retrospective cohort study with 429
participants, using an ARVC risk calculator. The study
revealed that the ARVC risk prediction model provided
accurate prognostic information, especially in patients
without a prior history of sustained ventricular arrhyth-
mias (VA) at diagnosis. It generally outperformed other
published decision algorithms in predicting long-term
arrhythmic risk. Protonotarios (2022) conducted a ret-
rospective cohort study with 554 participants, assessing
ARVC risk using an ARVC risk score. The corrected 2019
ARVC risk score demonstrated reasonable discriminative
ability but tended to overestimate risk. Its performance
was better among gene-positive patients, especially in
the PKP2 subgroup, but less effective in gene-elusive
patients. The predictive power of individual risk markers
varied by genotype.

Discussion

The review identified 8 studies evaluating the ARVC risk
score proposed in the literature. All studies included a
diverse range of populations, including patients with
ARVC, healthy controls, and patients with other car-
diac conditions. The studies used various measures of
accuracy, such as sensitivity, specificity, positive predic-
tive value, and negative predictive value, to evaluate the
performance of the ARVC risk scores. The results of the
review suggest that the validation of ARVC risk scores is
still in its early stages, and further studies are needed to
establish the accuracy and reliability of these scores. The
review found that the sensitivity of the ARVC risk scores
ranged from 80 to 95%, and the specificity ranged from
31 to 79%. The PPV was 55%, and the NPV was 88%. The
variability in the performance of the ARVC risk scores
across studies can be attributed to differences in the pop-
ulations, the methods used to validate the scores and the
diagnostic criteria used for ARVC.

ARVC is a rare, inherited heart disorder that primarily
affects the right ventricle, one of the heart’s four cham-
bers [1]. This condition is characterized by the progres-
sive replacement of normal heart muscle tissue with fatty
and fibrous tissue, leading to structural and functional
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abnormalities in the right ventricle. ARVC is also known
by various names, including Arrhythmogenic Right Ven-
tricular Dysplasia (ARVD) or Arrhythmogenic Cardio-
myopathy (ACM). ARVC is primarily a genetic disorder,
with several identified genetic mutations associated with
its development [9, 10]. These mutations often follow an
autosomal dominant inheritance pattern, meaning that
an affected individual has a 50% chance of passing the
mutation on to their offspring [11]. Mutations in genes
encoding proteins involved in cell-to-cell adhesion in
the heart, such as desmosomes, are commonly impli-
cated in ARVC. The clinical manifestations of ARVC can
vary widely among affected individuals. Some individu-
als may remain asymptomatic for an extended period,
while others may experience a range of cardiac symp-
toms, including palpitations, arrhythmias, chest pain,
and, in severe cases, heart failure [12]. One of the most
critical and life-threatening complications of ARVC is the
risk of ventricular arrhythmias, which can lead to sud-
den cardiac death, especially in young individuals and
athletes [13]. Diagnosing ARVC can be challenging due
to its heterogeneous presentation. The 2020 Task Force
Criteria for ARVC diagnosis is a widely accepted set of
guidelines used by clinicians to evaluate patients sus-
pected of having ARVC [14]. These criteria include clini-
cal, electrocardiographic, imaging, and genetic factors
to make a comprehensive diagnosis [12]. In recent years,
researchers and clinicians have explored the use of ARVC
risk scores to improve the accuracy of diagnosis and
risk stratification. These risk scores incorporate various
clinical and genetic factors to assess an individual’s risk
of developing ventricular arrhythmias and other com-
plications associated with ARVC [1-8]. Validation stud-
ies have shown promising results, with some risk scores
demonstrating improved sensitivity compared to tradi-
tional diagnostic criteria. ARVC risk scores are instru-
mental tools in addressing the diagnostic challenges
posed by this complex and potentially life-threatening
heart condition [7, 8]. ARVC is notorious for its variable
clinical presentation, making accurate diagnosis a for-
midable task. Traditional diagnostic criteria, such as the
2020 Task Force Criteria, while valuable, are not without
limitations, particularly in terms of sensitivity and speci-
ficity [14]. ARVC risk scores, therefore, play a pivotal role
in improving diagnostic accuracy and risk assessment.
These risk scores are essentially mathematical models or
algorithms that integrate a range of clinical, imaging, and
genetic factors to provide a comprehensive assessment
of an individual’s risk of ARVC. Their primary objective
is to offer a more accurate evaluation, especially when
dealing with cases featuring atypical or subtle clinical
features [2-5]. By incorporating multiple dimensions of
patient data, these scores can assist clinicians in making
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more informed decisions about diagnosis and risk strati-
fication. The components of ARVC risk scores are mul-
tifaceted. They encompass clinical factors, including the
presence of symptoms like palpitations, syncope, chest
pain, and a family history of ARVC or sudden cardiac
death. Additionally, abnormal ECG findings, such as spe-
cific arrhythmias or ECG changes, may contribute to the
score. Cardiac imaging data, such as echocardiography,
MRI, or CT, are critical for revealing structural abnor-
malities in the right ventricle and are thus included in
the risk assessment [15—19]. Furthermore, genetic test-
ing, which identifies mutations in genes linked to ARVC,
particularly those associated with desmosomes, can serve
as a potent risk factor and is incorporated into some risk
scores [20—24]. In specific cases, exercise stress testing
may also be employed as part of risk assessment, given
that ARVC symptoms can manifest or worsen during
physical exertion [25]. It is imperative to underscore that
the development and validation of ARVC risk scores are
ongoing processes. Validation studies are essential to
assess the accuracy and reliability of these scores across
diverse patient populations. Additionally, as our under-
standing of ARVC continues to evolve, refinements and
updates to these risk scores may be necessary to enhance
their predictive power and clinical utility. Collaborative
efforts among researchers, clinicians, and geneticists are
critical in achieving more accurate and personalized risk
assessments for ARVC, ultimately leading to improved
patient outcomes and better management of this chal-
lenging cardiac condition. ICDs are efficient in prevent-
ing SCD in patients with ARVC, especially in young
individuals [26—29]. However, despite significant efforts,
guidelines on ICD placement in ARVC are still based on
expert consensus, which can lead to several unnecessary
implantations. Hence, there is a need for a validated and
tested risk score similar to hypertrophic cardiomyopathy,
which should be implemented in guidelines after exten-
sive validation studies. In one study by Cadrin-Tourigny
et al., the ARVC risk score resulted in a 20.6% reduction
in ICD placement as compared with the 2015 consensus,
at the same level of protection (89.9%) [10]. In Baudin-
aud et al,, the model successfully discriminated against
patients with ventricular arrhythmia during follow-up
[4]. However, there was significant risk overestimation
in the low-risk group. Similarly, Aquaro et al. conducted
a validation study of the ARVC risk score in a cohort of
140 patients [1]. The ARVC score discriminated against
patients with ventricular arrhythmias well during follow-
up and was superior to ITFC and HRS criteria. Protono-
tarious et al. noticed a good accuracy of the ARVC risk
score but revealed a much lower event rate and a sig-
nificant overestimation of risk compared with the origi-
nal paper [8]. The main implication of this paper was
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the incorporation of genotype in future iterations of risk
models in ARVC. Ethnic differences must also be added
to the complexity and left predominant ARVC may
require such prediction models for future research.

Diagnosing ARVC requires a comprehensive evalua-
tion based on clinical, imaging, histological, and genetic
criteria [14]. The diagnostic process aims to establish
a definitive diagnosis while considering the hereditary
nature of the disease and its potentially life-threatening
consequences. Below is an expanded discussion of the
diagnostic criteria for ARVC:

Clinical evaluation is the initial step in the diagno-
sis of ARVC and involves a thorough assessment of the
patient’s medical history and physical examination.
Key clinical features that may raise suspicion of ARVC
include Ventricular arrhythmias. Identification of ARVC
in close relatives, especially in a pattern consistent with
autosomal dominant inheritance, warrants further inves-
tigation. Symptoms such as exercise intolerance, palpi-
tations, syncope, and dyspnea, may indicate ventricular
dysfunction. Specific findings on physical examination,
including abnormal heart sounds, murmurs, or signs of
right heart failure. Cardiac imaging plays a crucial role in
diagnosing ARVC and includes a combination of various
modalities: [30—-36].

Echocardiography: Transthoracic echocardiography
(TTE) is the initial imaging modality to assess right ven-
tricular size, function, and wall motion abnormalities.
Findings such as localized wall motion abnormalities
and right ventricular dilatation are suggestive of ARVC.
Cardiac MRI is highly sensitive for detecting structural
abnormalities, particularly fat infiltration and fibrosis
within the right ventricle. Late gadolinium enhancement
(LGE) on MRI is a hallmark of ARVC and indicates myo-
cardial fibrosis. Right Ventriculography: Right ventricu-
lography can reveal regional wall motion abnormalities,
especially during electrophysiological studies. Endomyo-
cardial biopsy is sometimes necessary to obtain histologi-
cal evidence of fibrofatty replacement of myocardium,
supporting the diagnosis of ARVC. However, it is impor-
tant to note that endomyocardial biopsy has low sensitiv-
ity. It is usually reserved for cases with atypical clinical
and imaging features or when other diagnostic tests are
inconclusive. ARVC is often considered a genetic disor-
der, and genetic testing can be instrumental in confirm-
ing the diagnosis. Genetic testing can identify mutations
in genes associated with ARVC, such as PKP2, DSP,
DS@G2, DSC2, and others. A positive genetic test, in com-
bination with clinical and imaging findings, strengthens
the diagnosis and helps identify at-risk family members
[37-39].

The treatment of ARVC is a multifaceted
approach aimed at managing symptoms, preventing
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life-threatening arrhythmias, and reducing the risk of
sudden cardiac death. Medications play a pivotal role
in ARVC management [13, 40-48]. Anti-arrhythmic
drugs like beta-blockers, amiodarone, and sotalol are
commonly prescribed to stabilize the heart’s electri-
cal activity and minimize the occurrence of danger-
ous arrhythmias. Additionally, medications for heart
failure, such as angiotensin-converting enzyme (ACE)
inhibitors or angiotensin receptor blockers (ARBs),
may be used to manage heart failure symptoms and
improve overall heart function in cases where ARVC
has progressed to heart failure. Lifestyle modifications
are integral to ARVC management [42]. Patients are
often advised to restrict their participation in high-
intensity or competitive sports and activities due to the
heightened risk of sudden cardiac death associated with
ARVC. The level of restriction is tailored to individual
risk factors and the severity of the condition. Further-
more, limiting or avoiding substances like alcohol, caf-
feine, and certain medications known to stimulate the
heart can help reduce the risk of arrhythmias. Main-
taining a healthy body weight through weight manage-
ment is also crucial in alleviating strain on the heart
and decreasing the risk of heart failure. ICDs are a vital
component of ARVC treatment for individuals at high
risk of life-threatening ventricular arrhythmias. These
devices continuously monitor the heart’s rhythm and
can deliver a shock to restore normal rhythm during
a dangerous arrhythmia [49-51]. ICDs serve as a cru-
cial safety net, providing immediate intervention when
needed and significantly improving survival rates in
ARVC patients. In some cases, catheter ablation may be
considered as a minimally invasive procedure to treat
arrhythmias associated with ARVC. This procedure
involves the use of catheters to deliver radiofrequency
energy or cryotherapy to specific areas of the heart,
disrupting abnormal electrical pathways. Catheter abla-
tion can be an effective option when medications alone
are insufficient in controlling arrhythmias. In the most
severe cases of ARVC, heart transplantation may be
contemplated as a last-resort treatment option [52—
57]. This involves replacing the damaged heart with a
healthy donor heart. However, heart transplantation
is considered when ARVC has led to end-stage heart
failure or when recurrent, life-threatening arrhythmias
cannot be controlled by other therapeutic measures.
Given the genetic basis of ARVC, individuals diagnosed
with the condition are often advised to seek genetic
counseling. Genetic counseling provides crucial infor-
mation about the inheritance pattern of ARVC, ena-
bling individuals to make informed decisions regarding
family planning and understand the potential genetic
implications for their relatives.
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Limitations

The review also found that most of the studies were
limited by their small sample size, retrospective design,
and lack of randomized fashion. These limitations high-
light the need for larger, prospective studies that can
provide more robust evidence on the accuracy and
reliability of ARVC risk scores. In addition, the review
identified several areas that require further research,
such as the validation of the ARVC risk score in asymp-
tomatic individuals and the development of risk scores
that incorporate genetic testing and imaging modali-
ties. Despite the limitations of the current evidence,
the review suggests that the ARVC risk score has the
potential to improve the accuracy of ARVC diagnosis
and risk stratification. The use of risk scores can help
identify patients at high risk of ARVC, who can benefit
from early intervention and close monitoring. In addi-
tion, the use of risk scores can reduce the variability in
the diagnosis of ARVC and improve the consistency of
clinical practice.

Conclusion

In conclusion, the validation of ARVC risk scores is an
essential step toward improving the accuracy of ARVC
diagnosis and risk stratification. The current evidence
on the validation of ARVC risk scores is limited by
small sample sizes, retrospective designs, and lack of
external validation. Further studies are needed to estab-
lish the accuracy and reliability of ARVC risk scores
and to address the limitations of the current evidence.
Despite these limitations, ARVC risk scores have the
potential to improve the accuracy of ARVC diagnosis
and risk stratification and to guide clinical practice in
the management of ARVC.
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