An electrocardiographic scoring system for distinguishing right
ventricular outflow tract arrhythmias in patients with
arrhythmogenic right ventricular cardiomyopathy from idiopathic

ventricular tachycardia

Kurt S. Hoffmayer, MD,” Prashant D. Bhave, MD,! Gregory M. Marcus, MD, MAS, FHRS," Cynthia

A. James, PhD,* Crystal Tichnell, MGC,* Nagesh Chopra, MD,® Laura Moxey, BSc, CCRA, CCRP," Andrew

D. Krahn, MD, FHRS," Sanjay Dixit, MD, FHRS," William Stevenson, MD, FHRS,® Hugh Calkins, MD, FHRS,?
Nitish Badhwar, MBBS,” Edward P. Gerstenfeld, MD, FHRS,” Melvin M. Scheinman, MD, FHRS

From the *Division of Cardiology, University of California, San Francisco, California, "Division of Cardiology, Northwestern
University, Chicago, Illinois, Division of Cardiology, Johns Hopkins University, Baltimore, Maryland, *Division of
Cardiology, Brigham and Women’s Hospital, Boston, Massachusetts, HUniversily of Western Ontario, Ontario, Canada and
"Division of Cardiology, Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania.

BACKGROUND Ventricular arrhythmias in patients with arrhythmo-
genic right ventricular dysplasia/cardiomyopathy (ARVD/C) and
idiopathic ventricular tachycardia (VT) can share a left bundle branch
block/inferior axis morphology. We previously reported electrocar-
diogram characteristics during outflow tract ventricular arrhythmias
that helped distinguish VT related to ARVD/C from idiopathic VT.

OBJECTIVE To prospectively validate these criteria.

METHODS We created a risk score by using a derivation cohort.
Two experienced electrophysiologists blinded to the diagnosis
prospectively scored patients with VT/premature ventricular con-
tractions (PVCs) with left bundle branch block/inferior axis pattern
in a validation cohort of 37 ARVD/C tracings and 49 idiopathic VT
tracings. All patients with ARVD/C had their diagnosis confirmed
based on the revised task force criteria. Patients with idiopathic VT
were selected based on structurally normal hearts with documented
right ventricular outflow tract VT successfully treated with abla-
tion. The scoring system provides 3 points for sinus rhythm anterior
T-wave inversions in leads V,-V5 and during ventricular arrhythmia:
2 points for QRS duration in lead I >120 ms, 2 points for QRS
notching, and 1 point for precordial transition at lead Vs or later.

RESULTS A score of 5 or greater was able to correctly distinguish
ARVD/C from idiopathic VT 93% of the time, with a sensitivity of
84%, specificity of 100%, positive predictive value of 100%, and
negative predictive value of 91%.

CONCLUSIONS We describe a simple scoring algorithm that uses
12-lead electrocardiogram characteristics to effectively distinguish
right ventricular outflow tract arrhythmias originating from
patients with ARVD/C versus patients with idiopathic VT.
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ABBREVIATIONS ARVD/C = Arrhythmogenic right ventricular
dysplasia/cardiomyopathy; CI = confidence interva; ECG =
electrocardiogram; LBBB = left bundle branch block; PVC =
premature ventricular contraction; ROC = receiver operator
characteristic; RV = right ventricular; RVOT = right ventricular
outflow tract; VT = ventricular tachycardia
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Introduction

Arrhythmogenic right ventricular dysplasia/cardiomyopathy
(ARVD/C) is an inherited disorder characterized by fibrofatty
infiltration of the myocardium, with ventricular arrhythmias
and sudden cardiac death being hallmarks of the disease.'™ In
contrast, idiopathic ventricular tachycardia (VT) from the right
ventricular outflow tract (RVOT) is a relatively benign condi-
tion and occurs in patients with structurally normal hearts.”
Regardless of the underlying process, ventricular arrhythmias
from the RVOT share a left bundle branch block (LBBB) QRS
morphology with inferior axis pattern, but methods to distin-
guish the two entities have been limited. On the basis of a
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retrospective analysis, we recently described surface electro-
cardiogram (ECG) characteristics (during VT or premature
ventricular contractions [PVCs]) that appeared to be useful in
distinguishing patients with ARVD/C from patients with
idiopathic VT with an LBBB and an inferior QRS axis pattern.’

The purpose of this study was to prospectively validate
the scoring system derived from our original cohort.

Methods

Description of the new validation cohort

We prospectively scored ECGs from new patients with
ARVD/C selected from tertiary care referral centers experi-
enced in the treatment of patients with ARVD/C. All ECGs
in this study were based on a new group of 12-lead ECGs and
did not include any from either the original cohort from
which the ECG score was derived or any prior study. All
patients had confirmed ARVD/C based on the revised task
force criteria.®® Only patients presenting with a ventricular
arrhythmia characterized by an LBBB QRS morphology
with inferior axis pattern were included.

The idiopathic VT group was composed of patients with
arrhythmias arising from the RVOT region that were success-
fully treated with ablation at a tertiary care referral center. All
patients with idiopathic VT had structurally normal hearts as
assessed by physical examination, echocardiography (and/or
magnetic resonance imaging), or right ventricular (RV)
voltage maps. Patients with a diagnosis of idiopathic VT
were included if they had at least one 12-lead ECG tracing
with spontaneous PVCs or VT that were targeted for ablation
having an LBBB/inferior QRS axis morphology.

Electrocardiographic ARVD/C risk score
We previously described ECG characteristics that differen-
tiated ARVD/C from idiopathic VT.” Multivariate logistic
regression of ventricular arrhythmia characteristics revealed
duration of QRS inlead I > 120 ms, earliest onset QRS in lead
Vi, QRS notching, and precordial transition at lead Vs or
later—all significantly increased the odds of ARVD/C.” On
the basis of our previously published findings, we created an
ECG-based ARVD/C risk score. The risk score was created for
simplicity and for everyday use without the need for simulta-
neous or computerized digital measurement. To that end, the
earliest onset QRS in lead V| was eliminated. The presence of
sinus rhythm anterior T-wave inversions in precordial leads
V,-V;3 was found in 75% of our original patients, suggesting
that both the electrocardiographic findings described for VT/
PVCs as well as the surface ECG can be used for useful
noninvasive screening, so this criterion was added as well.
The risk score was derived using the logistic regression
coefficients from our multivariate model in our previous
cohort with the addition of anterior T-wave inversions during
sinus thythm. The final score included T-wave inversions in
leads V,—V; during normal sinus rhythm (3 points), lead 1
QRS duration > 120 ms (2 points), QRS notching in multiple
leads (2 points), and precordial lead transition at lead V5 or
later (1 point). The scoring algorithm is given in Table 1.

Table 1  Electrocardiographic ARVD/C risk score
ECG characteristic Points
Anterior T-wave inversions (V;-Vs) in sinus rhythm 3
VT/PVC

Lead I QRS duration >120 ms 2

QRS notching (multiple leads) 2

Vs transition or later 1
Maximum total 8

ARVD/C = Arrhythmogenic right ventricular dysplasia/cardiomyopathy;
ECG = electrocardiogram; PVC = premature ventricular contraction; VT =
ventricular tachycardia.

Definitions

Anterior T-wave inversions were defined as T-wave nega-
tivity in at least leads V{—V;3. Lead I QRS duration > 120 ms
was defined as the duration from the initial deflection of the
QRS complex to the end of the QRS complex in lead I. QRS
notching in multiple leads was defined as a QRS complex
deflection on the upstroke or downstroke of > 0.05/mV that
did not cross baseline occurring in at least 2 leads (Figure 1).
The precordial transition point was designated as the earliest
precordial lead where the R-wave amplitude exceeded the S-
wave amplitude.

ECG analysis and scoring

We used de-identified ECGs that recorded 12 simultaneous
leads. The amplitudes were set at 1 mV/cm for all patients. They
were read as is without magnification or alteration. All ECGs
were edited to include only the 12-lead ECG tracing, with all
identifiable labeling removed (patient name, institution, compu-
terized interpretation, dates, etc). Each case included a 12-lead
ECG with ventricular arrthythmia (VT or PVCs) and a baseline
sinus rhythm (to evaluate for anterior T-wave inversions). The
12-lead ECGs were scored by 2 experienced electrophysiolo-
gists blinded to the clinical data (N.B. and E.P.G.). An example
of the ECG scoring is shown in Figure 2. Randomization of the
order of ECG tracings was performed by using a random
sequence generator. Disagreements between reviewers were
deemed minor if the score differed by 2 points or less and major
if the disagreement was greater than 2 points or changed the
predicted diagnosis. Disagreements were then adjudicated by a
third electrophysiologist blinded to the clinical data (M.M.S.).

Data analysis

The electrocardiographic ARVD/C risk score was created on
the basis of the multivariate logistic regression coefficients in
the original cohort that has been described previously.’
Regression coefficients were rounded to the nearest whole
number for ease of clinical utility. A cut point of 5 points or
greater for prediction of ARVD/C was determined on the
basis of testing characteristics measured in the original
cohort. Standard definitions were used for testing character-
istics including sensitivity, specificity, positive predictive
value, and negative predictive value.'® We assessed inter-
observer agreement for the electrocardiographic ARVD/C
risk score by using an unweighted kappa statistic.
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