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Background: Arrhythmogenic right ventricular dysplasia (ARVD) is characterized by progressive re-
placement of RV myocardium with fibro-adipose tissue thought to be responsible for the presence of
late potentials (LP) detected by SAECG. The general consensus on the role of SAECG in the diagnosis
and prognosis of patients with ARVD is lacking. The purpose of this systematic review was to better
define the role of SAECG in ARVD.

Methods: An extensive review of literature was done to specifically describe the prevalence of LP
in ARVD and its determinants, explore the various options available to improve the diagnostic ability
of SAECG, and provide recommendations for proper utilization of this technique.

Results: LPs are frequent in ARVD (47–100%), and more prevalent in severe disease and in patients
with documented spontaneous VT. SAECG is a useful test in following the characteristic evolutivity
of the disease. 4–16% of normal family members of patients with ARVD also have abnormal SAECG
results. Detection of LP in ARVD can be improved by employing a high-pass filter of 25 Hz and
specifically looking for changes in the Z leads.

Conclusions: SAECG testing should be considered a standard part of the evaluation of patients
with known or suspected ARVD. Further research is needed to confirm the value of SAECG testing
in predicting arrhythmia risk and assessing the rate of disease progression, as well as to determine if
greater prevalence of SAECG abnormalities in family members of patients with ARVD represents early
detection of ARVD. The ongoing multidisciplinary study of right ventricular dysplasia will hopefully
answer some of these questions. A.N.E. 2003;8(2):112–120

ARVD; SAECG; time domain; frequency domain; prevalence

Arrhythmogenic right ventricular dysplasia
(ARVD) is characterized by ventricular arrhyth-
mias and structural abnormalities of the right
ventricle (RV) due to progressive replacement of
RV myocardium with adipose or fibro-adipose
tissue.1,2 The precise cause of ARVD is unknown,
although an autosomal dominant transmission
with variable clinical expression and incomplete
transmission has been reported.3 ARVD is a diffi-
cult disease to diagnose. According to the 1994
Task Force Report on ARVD by McKenna et al.,
the diagnosis of ARVD is based on the presence of
structural, histologic, electrocardiographic, arrhy-
thmic, and genetic factors (Table 1). Although the
presence of late potentials (LP) on signal-averaged
electrocardiography (SAECG) is one of the diag-
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nostic criteria for ARVD, the precise definition of
an abnormal SAECG has not been set.4 Shown in
Figure 1 are an EKG and SAECG of a 26-year-old
man who was presented with sustained ventricular
tachycardia (VT) and was diagnosed with ARVD.
The EKG revealed inverted T waves in V1–V5
and an epsilon wave in lead V1. The SAECG was
abnormal, with a filtered QRS duration (fQRSd) of
120 ms (normal < 114 ms), duration of impulse less
than 40 µV (LAS40) of 53 ms (normal < 38 ms),
and high frequency root-mean square (RMS40) of
8 mV (normal > 20 mV).

SAECG is used to detect delayed depolariza-
tion potentials on the body surface, referred as
late potentials (LP).5−7 They reflect the presence
of slowed propagation in the myocardium, which
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Table1. Diagnostic Criteria for ARVDa

Major Criteria Minor Criteria

Structural or functional
abnormalities

1. Severe dilation and reduction of RVEF
with mild or no LV involvement

1. Mild global RV dilation and/or EF
reduction with normal LV

2. Localized RV aneurysm (akinetic or
dyskinetic areas with diastolic bulging)

2. Mild segmental dilation of the RV
3. Regional RV hypokinesis

3. Severe segmental dilatation of the RV
Tissue characterization Infiltration of RV by fat with presence of

surviving strands of cardiomyocytes
ECG depolarization/

conduction abnormalities
1. Localized QRS complex duration

>110 ms in V1, V2, or V3
Late potentials in SAECG

2. Epsilon wave in V1, V2, or V3
ECG repolarization

abnormalities
Inverted T waves in right precordial leads

(V2–3 above age 12 years in absence
of RBBB)

Arrhythmias 1. LBBB VT (sustained or nonsustained)
on ECG, Holter or ETT

2. Frequent PVCs (>1000/24 hours on
Holter)

Family history Family history of ARVD confirmed by
biopsy or autopsy

1. Family history of premature sudden
death (<35 years) due to suspected
ARVD

2. Family history of clinical diagnosis
based on present criteria

aThe criteria state that an individual must have two major, or one major plus two minor, or four minor criteria from different
categories to meet the diagnosis of ARVD.4

results in delayed ventricular activation. The pres-
ence of slowed ventricular provides a substrate for
reentrant arrhythmias.8−12 In ischemic heart dis-
ease, especially after myocardial infarction, it has
been demonstrated that ventricular tachycardia is
related to this mechanism, and consequently it is
not surprising that the prevalence of LPs is high.
However, the cause of SAECG abnormalities in pa-
tients with various forms of nonischemic cardiomy-
opathy is less clear. ARVD is characterized by the
fibro fatty replacement of the RV. This histological
milieu is thought to interrupt the electrical continu-
ity of the myocardial fibers creating fragmentation
of ventricular and provides substrate for reentrant
arrhythmias.13

Systematic studies of SAECG-LPs in ARVD are
relatively recent and few. As a result, the general
consensus on role of SAECG in the diagnosis and
prognosis of patients with ARVD is lacking. The
purpose of this study was to better define the role
of SAECG in ARVD. In particular, we undertook a
detailed systematic analysis of literature to (1) de-
scribe the prevalence of late potentials in ARVD
and its determinants, (2) make an attempt to estab-
lish criteria for defining ‘late potentials’ in ARVD,
(3) explore various options available to improve
our ability to detect late potentials in patients with

ARVD, (4) highlight the challenges faced in utiliza-
tion of this technique, and (5) give future directions
for ARVD-SAECG studies.

SAECG IN ARVD

Prevalence SAECG Abnormalities
in ARVD Patients

Table 2 summarizes the results of 13 reports identi-
fied in literature involving 458 patients with ARVD
who have undergone SAECG studies.14−26 Abnor-
malities of SAECG (i.e., LP) were present in 269
patients (59%, range: 47–100%). The prevalence of
abnormalities in the SAECG appears to correlate
with two main factors: (1) the extent of disease and
(2) the presence of sustained ventricular tachycar-
dia (VT).

A number of studies reviewed revealed a close
relationship between the extent of disease and the
prevalence of the late potential in patients with
ARVD.14,21,24,25 Late potentials were present in
57% (range: 21–90%) of mild cases and in 87% of
severe cases (range: 81–100%). Studies have also
found a direct relationship between RV dimensions
and SAECG variables. The most significant corre-
lation reported is with the duration of filtered QRS
complex (fQRS).13,21 With the enlargement of the
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Figure 1. (a) 12-lead ECG showing inverted T waves V1-V5, QRS duration >110 ms in V1-V3, and epsilon wave (arrow)
in V1. (b) Late potentials on SAECG (arrow).
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RV, it seems probable that there are areas of RV
myocardium that are activated late, leading to de-
layed depolarization.20 The results of these stud-
ies suggest that SAECG variables indirectly quan-
tify anatomical damage in patients with ARVD, and
that SAECG may be a useful noninvasive test to
evaluate the extent and progression of disease.

The prevalence of late potentials in ARVD also
varies based on the presence or absence of a his-
tory of spontaneous sustained VT. In a study of
familial form of ARVD, 76% patients with a his-
tory of sustained VT had LP, whereas only 48%
of those without a history of sustained VT had LP
(P = 0.05).22 Our review of the literature supports
the relatively high prevalence of LP in ARVD pa-
tients with sustained VT (61–100% according to the
series). Patients with multiple morphology of VT
have particularly abnormal SAECGs, with LP that
are significantly longer and have lower voltage.13 In
contrast to sustained VT the relationship between
NSVT and abnormalities of the SAECG is not well
defined with a reported incidence of 0–63%. The
sensitivity (66–88%) and specificity (80–100%) of
an abnormal SAECG for detection of ARVD with
VT are high in all series; and SAECG seems a highly
sensitive method in the detection of such patients
(Table 3).

Prevalence SAECG Abnormalities
in Family Members

Since ARVD has been known to be a genetic dis-
ease, family members of affected individuals rep-

Table3. Prevalence of Late Potentials According to Type of Tachyarrhythmias in Patients with ARVD

Prevalence of Late Potentials Based on VT Type
Prevalence
of VT/VF sustained VT Nonsustained VT VF

Author, Year n (%) n (%) n (%) n (%)

Blomstrom C, 1988 16 (100%) 15 (92%) 0 (0%) 1 (100%)
Lemery R, 1989 8 (100%) 5 (62%) — —
Haissaguere 1990 37 (95%) 13 (82%) 12 (56%) —
Leclercq JF 1993 52 (100%) 25 (78%) 14 (70%) —
Kinoshita O, 1994 30 (100%) 14–25 (47–83%)a — —
Kinoshita O, 1995 28 (100%) 18–20 (68–75%)a — —
Daliento L 1995 19 (68%) 6 (67%) 4 (44%) 1 (50%)
Mehta D 1995 10 (100%) 9 (90%) — —
Hermida JS 1997 13 (100%) 8 (62%) — —
Turrini P 1999 24 (64%) 9 (75%) 3 (33%) 2 (67%)
Nava 2000 89 (64%) 36 (72%) 13 (41%) 5 (71%)

Of all patients with ventricular tachycardia 68% had SVT, 27% NSVT and 15% V Fib.
aDepending upon the high-pass filter used.

resent an ideal study model to evaluate the diagnos-
tic and prognostic value of SAECG. Hermida et al.
studied the presence of late potentials in 101 nor-
mal family members of patients with ARVD.23 The
incidence of late ventricular potentials was higher
in family members than in the control subjects
(16% vs 3%, P < 0.05). Oselladore reported almost
similar results with a presence of 14% LPs in the
normal family members of patients with ARVD.22

The presence of 14–16% late potentials in appar-
ently normal individuals with a family history of
ARVD is considerably higher than that reported
in the general normal population of 0–6%.25,27,28

These findings suggest that SAECG maybe useful
in detecting individuals earlier in the course of dis-
ease. Further studies with a long-term follow-up are
required to better define the significance of an ab-
normal SAECG in a normal family member. Ge-
netic studies with identification of additional genes
for ARVD will also be helpful. Until the results of
these studies are available, it would be reasonable
to suggest that individuals with abnormal SAECG
should receive close clinical follow-up.

Evolution of SAECG Variables During
Long-term Follow-up

Several studies have examined the evolution of
SAECG variables with time. Folino et al. in a re-
cent study, using three different band-filters (20–
250 Hz, 40–250 Hz, and 80–250 Hz) performed se-
quential SAECGs after a mean time interval of 44
months in 52 patients with ARVD, to determine
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the practicality of this test in assessing the progres-
sion of disease.29 The results demonstrated a sig-
nificant difference between the two recordings in
all SAECG parameters. The overall prevalence of
late potentials increased with time. The prevalence
of LP in 25–250 Hz filter changed from 13.3% to
28.8%; in 40–250 Hz filter from 44.2% to 55.7%;
and in 80–250 Hz filter from 55.7% to 69.2%, re-
spectively. The change was more pronounced in
the younger group (age range 10–19 years).29 Osel-
ladore demonstrated a progressive increase in the
prevalence of late potentials recorded by SAECG in
ARVD patients with age, reporting a prevalence of
12.5% in patients aged 1–10 years compared to 77%
in patients aged 30 years and above; an indication
of the evolution of disease with age.22

The results of the above reports suggest that the
SAECG may be a useful test in studying the char-
acteristic evolutivity of the disease. The different
proportions of changes depending upon filter set-
tings seem to indicate that in the first phase of the
disease the myocardial modifications generate late
potentials with high frequency characteristics prob-
ably due to small areas of degenerative processes,
while the progression of cardiomyopathy, leading
to larger zones of myocardial degenerations, pro-
duces an evident increase of late potentials in the
lower frequency.30

SAECG and Arrhythmia Risk
Stratification

Although the importance of SAECG in establish-
ing the diagnosis and its relationship with the extent
of the disease has been proven, the usefulness of
the SAECG technique in stratifying the arrhythmic
risk has not be determined. As a result we evalu-
ated the value of SAECG in predicting the inducibil-
ity of sustained monomorphic ventricular tachycar-
dia in patients with ARVD undergoing programmed
ventricular stimulation (PES).31 The study group in-
cluded 40 patients (42% male, 37 ± 12 years). Nine
patients with bundle branch block were excluded
from the study. Twenty-one (67%) patients had in-
duced monomorphic VT on PES. A fQRS ≥ 110 ms
had the highest utility in identifying ARVD patients
prone to inducible monomorphic VT on PES with
a sensitivity, specificity, and total predictive value
of 91%, 90%, and 90%, respectively.31 To the best
of our knowledge, this is the first study describ-
ing that SAECG is highly capable of identifying pa-
tients with ARVD who are prone to VT on PES.

However, more suitable studies are needed to in-
vestigate the ability of SAECG to predict future ar-
rhythmic events among these patients.

FUTURE DIRECTIONS

Time Domain or Frequency Domain?

SAECG studies have most extensively used
the time-domain analysis technique based on bi-
directional filtering. The Task Force Committee of
the European Society of Cardiology, the American
Heart Association, and the American College of
Cardiology recently published guidelines for data
acquisition and analysis SAECG.32 They recom-
mended that the SAECG should be considered ab-
normal (using 40 Hz high-pass bi-directional filter-
ing) when two or more of the following is present:
(1) fQRS ≥ 114 ms, (2) LAS40 ≥ 38 ms, and (3)
RMS40 < 20 µV. These recommendations were ex-
tensively based on results obtained from patients
with ventricular arrhythmias who had coronary
artery disease, in whom SAECG parameters ana-
lyzed at a high-pass filter setting of 40 Hz were
most frequently represented in the top predictive
combinations.33,34 There are no widely accepted
guidelines for the optimal cutoff for an abnormal
SAECG as well as high-pass filter setting in patients
with ARVD, who have ventricular tachycardia orig-
inating from the right ventricle, and in most cases,
normal left ventricle function.19 Kinoshita et al. rec-
ommended that fQRS > 110 ms using a high-pass
filter of 25 Hz to be a more appropriate criteria
and high-pass filter for patients with ARVD, respec-
tively. However, these results need to be verified
from larger study groups.

Frequency-based analysis technique has also
been used for SAECG, based on estimating the
Fourier spectra of a windowed time interval cov-
ering the terminal QRS part and the ST-segment.30

Although the end points of frequency-domain anal-
ysis have not yet been standardized, it has its own
advantages. First, complex high-pass filtering is not
required. This is important because the frequency
content of LPs is low, and cut-off frequencies may
abolish late potentials. Second, the definition of
the end of QRS complex is not a crucial factor in
frequency-domain analysis and patients with bun-
dle branch block (BBB) need not be excluded.35−37

Kinoshita et al. reported that frequency-domain
analyses of the SAECG were relatively equivalent
to time-domain analysis in the identification of
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patients with ARVD.20 Apart from this there is no
other study validating the accuracy of frequency
domain compared to their time domain counterpart
in patients with ARVD.

The time- and frequency-domain analyses also
have their own shortcomings.38 Many studies have
shown that combining the time and frequency anal-
yses significantly improved the prognostic ability
for predicting a major arrhythmic event in post-
MI patients compared to the time domain or fre-
quency domain analyzed separately.39−42 Similarly,
Kinoshita reported that combining the two domain
analyses improved the sensitivity without reducing
the specificity in detecting patients with ARVD as
compared to using them alone.20 Although promis-
ing, this methodology is yet to be validated by fur-
ther studies.

Recording Leads

The SAECG parameters are traditionally ana-
lyzed from vector magnitude using X, Y, and Z
leads.43 Several recent studies have suggested that
this may not be optimal for ARVD, which predomi-
nantly affects the right ventricle, and this technique
might theoretically reduce the chances of detect-
ing a late potential originating from the RV in mild
cases with almost no involvement of the predom-
inant left ventricle. Late potentials in ARVD may
be detected exclusively in lead Z or V1, which re-
flects the vector for the anterior chest. Using this
rationale, Blomstrom demonstrated right-side pre-
ponderance in ARVD by the significantly longer
fQRSd and LPd right (V1) versus left (V5) precor-
dial leads.13 Similarly, the highest amplitude of late
potentials in patients with ARVD has been reported
in lead V1 when compared to patients with left
ventricular aneurysm, in whom higher amplitudes
were recorded in lead V5.44 Ohe et al. also showed
that LPs of right ventricular origin were detected
predominantly in lead V1, and those of left ven-
tricular origin in lead V5 using a time-domain anal-
ysis.45 All the above studies indicate that SAECG
parameters recorded on Z leads alone may poten-
tially improve the predictive ability of this test for
identifying patients with ARVD.

Conduction Defects

Studies using the standards described by the Task
Force Committee have demonstrated that high res-
olution ECG time-domain variables have a low ac-

curacy to predict arrhythmic events in patients
with conduction defects and have high incidence of
false positive LPs on SAECG.46,47 The Task Force
Committee recommended that SAECG is not to be
obtained in patients with major conduction defects
(QRS ≥ 120 ms).32 As a result a vast majority of
the studies examining the usefulness of the SAECG
have excluded patients with BBB or a major con-
duction defect from their analysis in the belief that
BBB can generate low amplitude signals in the ter-
minal QRS mimicking LP. In patients with struc-
tural changes to the right ventricle like ARVD, the
occurrence of conduction defects occurs in 18–30%
of patients.48 The inability to perform a SAECG
in the presence of a significant conduction repre-
sents a major limitation in the use of SAECG in
ARVD. However, studies have shown that by mak-
ing a slight modification of the criteria described by
the Task Force Committee, the accuracy of SAECG
to predict arrhythmic events can be increased in
BBB. For example, according to Fontaine et al., the
combination of RMS 40 ≤ 17 µV and LAS 40 ≥ 55
ms best discriminated patients likely to develop ar-
rhythmias with LBBB in patients with CAD (QRS ≥
120 ms).49 Similarly, Gatzoulis et al. recommended
using a modified late potential criterion, such as the
presence of two of any of the following three signal
averaged parameters: filtered QRS duration ≥ 145
ms, LAS duration ≥ 50 ms, RMS of the last 40 ms
≤ 17 µV to improve the predictive value of SAECG
in patients with complete RBBB (QRS ≥ 120 ms)
and incomplete RBBB (QRS ≥ 100 and < 120 ms)
in post MI patients.50

Frequency-domain analysis of SAECG may be
another technique for improving the diagnostic
ability of SAECG in patients with a conduction
delay. Lindsay et al. performed the first study of
frequency-domain analysis of SAECG in patients
with conduction defects and demonstrated that the
differentiation of patients with and without VT by
this method was not affected by BBB.35 However,
its use has not been widespread due to the lack of
standardized end points.

At this moment it is not possible to identify a
single technique, which seems to be superior to
others, or to state that frequency-domain analysis
is the definitive answer of SAECG for ARVD pa-
tients with BBB. It seems clear that when using the
time-domain approach in patients with BBB, more
stringent criteria than used in patients with nor-
mal conduction are required for the identification
of a patient at risk for VT. At this moment it seems
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reasonable that future studies include patients with
conduction defects for the establishment of appro-
priate SAECG criteria that will permit risk stratifi-
cation for arrhythmias in patients with ARVD.

CONCLUSION

Our review of the literature and clinical experi-
ence led us to conclude that SAECG testing should
be considered as a standard part of the evaluation
of patients with known or suspected ARVD. Not
only are the results of SAECG one of the criteria
used to establish the diagnosis of ARVD, but the
results of SAECG testing appear to correlate with
the severity of disease and arrhythmia risk.

Further research is needed to confirm the value
of SAECG testing in predicting arrhythmia risk and
assessing the rate of disease progression. Studies
are also needed to determine if the greater preva-
lence of SAECG abnormalities in family members
of patients with ARVD represents early detection of
ARVD prior to subsequent development of symp-
toms of ARVD, or whether these cases are “false
positives.” Until this question is answered, it seems
reasonable to recommend more careful follow-up
of those family members in whom SAECG abnor-
malities are detected. And finally, further research
is needed to determine that time-domain SAECG
analysis protocol that has the optimal sensitivity
and specificity for detection of ARVD and to deter-
mine whether a frequency-domain SAECG analy-
sis may be useful in the evaluation of patients with
underlying conduction delay. Some of these ques-
tions will hopefully be answered by the ongoing
Multidisciplinary Study of Right Ventricular Dys-
plasia, which is a multicenter, collaborative study
to investigate the cardiac, clinical, and genetic as-
pects of ARVD funded by a grant from the National
Institutes of Health and the National Heart, Lung,
and Blood Institute. This study will follow patients
with ARVD and their family members for the next
five years, accumulating information in a central-
ized manner. One of its specific aims is to develop
quantitative methods to assess the role of various
clinical investigations in order to enhance the speci-
ficity and sensitivity of ARVD diagnosis.
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