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a b s t r a c t

Introduction: Epicardial exit sites of ventricular tachycardia (VT) are frequently encountered during VT
ablation requiring an epicardial ablation approach for successful elimination of VT. We sought to assess
the utility of repolarization markers in identifying individuals requiring an epicardial ablation approach
in addition to an endocardial approach.
Methods: 32 patients who underwent successful ablation for scar mediated VT were included in the
study. Fourteen patients who required a combined endocardial and epicardial VT ablation were defined
as epicardial VT group (Epi) whereas 18 patients who were successfully ablated from the endocardium
alone constituted the endocardial VT group (Endo). Repolarization markers during sinus rhythm were
compared between the two groups.
Results: A higher QTc max and QTc dispersion were seen in the Epi group compared to Endo group
(479 ± 34 vs 449 ± 20, p ¼ 0.008 and 63 ± 13 vs 38 ± 8, p ¼ 0.001, respectively). Ts-p and Ts-p/Tp-e were
higher in the Epi group (166 ± 23 vs 143 ± 23, p ¼ 0.008 and 1.55 ± 0.26 vs 1.3 ± 0.21, p < 0.005). On
multivariate regression, QTc dispersion was an independent predictor of the need for an epicardial
approach to ablation. A QTc dispersion more than 51.5 msec identified individuals requiring a combined
epicardial and endocardial approach to ablation with a sensitivity of 92.9% and a specificity of 100%.
Conclusions: Patients requiring an epicardial ablation have a higher QTc dispersion. A value greater than
51.5 msec reliably differentiates between the two groups with high sensitivity and specificity.
Copyright © 2020, Indian Heart Rhythm Society. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

A percutaneous epicardial approach is frequently employed to
successfully ablate ventricular tachycardias (VT) with a re-entrant
circuit in the epicardium. While relatively safe in the hands of
experienced operators, identifying the need for an epicardial
approach pre-procedurally helps improve procedural preparedness
which significantly improves outcomes.

Several criteria utilizing depolarization events on the electro-
cardiographic (ECG) during ventricular tachycardia (VT) have been
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proposed to differentiate between VTs of epicardial (Epi) and
endocardial origin (Endo) including Q waves in leads that reflect
local ventricular activation, delayed intrinsicoid deflection and
pseudo-delta waves. However, the usefulness of these criteria in
patients with scar mediated VT is suboptimal [1,2]. Further, merg-
ing of the T wave with the QRS during rapid rates seen during VT
limit the utilization of most of these criteria which are based on
ECG during VT. Also delayed depolarization due to slow conduction
through scar and the effect of sodium channel blocking drugs, may
increase false positivity of plausible epicardial exit with currently
available criteria in scar mediated VT. Repolarization parameters
are increasingly being used to identify risk of arrhythmias and
sudden cardiac death in the general population as well as in in-
dividuals with structural heart disease. Corrected QT (QTc) interval,
QTc dispersion, interval from peak of T wave to end of T wave (Tp-
e), Tp-e/QTc ratio and interval from onset of T wave to peak of T
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wave (Ts-p) during sinus rhythm are some of the electrocardio-
graphic ventricular repolarization (VRP) markers that have been
used [3e5]. These parameters have also been shown to be useful for
risk stratification in patients with Chagas’ Cardiomyopathy,
Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC) and
NICM which often present an epicardial substrate for ventricular
arrhythmias [6].

In this study, we sought to identify differences in repolarization
markers, during sinus rhythm, between individuals undergoing
successful endocardial ablation of VT (Endo group) and those
requiring a combined epicardial and endocardial approach (Epi
group). We hypothesized that the presence of an epicardial or
midmyocardial anatomic substrate for VT, by altering regional
epicardial depolarization and subsequent repolarization would
result in a regional prolongation of QTc, which by altering QRS and
T-wave vector loopswould result in an increased QTc dispersion [7].

2. Methods

2.1. Study population

All patients with structural heart disease undergoing successful
endocardial or combined epicardial and endocardial VT ablation
from January 2009 to May 2014 at our institute were considered for
analysis. Patients who were paced or with ECGs in which VRP
markers could not be analyzed in all 12 leads were excluded. Pa-
tients in whom antiarrhythmic drugs could not be discontinued
were also excluded from the study.

2.2. Electrocardiography (ECG)

The baseline digitized 12 lead ECG of the study patients was
recorded using the Prucka Cardiolab recording system (Houston,
TX, USA) at an amplification of 10 mm/mV and a sweep speed of
100 mm/s and was analyzed by two independent electrophysiolo-
gists who were blinded to the results of the electrophysiology
study. Sinus rhythm ECG was recorded in the basal state prior to
anesthesia or any intervention.

The various VRP intervals measured include: maximum QT in-
terval (QTmax) defined as the longest QT interval in the 12 lead
ECG, minimumQT interval defined as the shortest QT interval in the
12 lead ECG (QTmin), QT dispersion (QTd) defined as the difference
between QTmax and QTmin. Similarly, the maximum and mini-
mum corrected QT intervals (QTc max and QTc min respectively)
were calculated using Bazett’s formula and the corrected QT
dispersion (QTc-d) was calculated as the difference between QTc
max and QTcmin. Ts-p was defined as the interval from the onset to
the peak of T wave. The Tp-e interval was defined as the interval
from the peak of the T wave to the end of the T wave [8].

2.3. Electrophysiology study and ablation

All electrophysiology studies and ablation were performed with
the patient under general anesthesia. Antiarrhythmic drugs were
stopped at least five half-lives prior to the procedure. Activation,
substrate and pace mapping was done in all patients with hemo-
dynamically stable VT while substrate and pace mapping was done
in all patients with hemodynamically unstable VT. RV endocardial
ablation was done using the standard approach through the
femoral vein. LV endocardial ablation was done using a trans-septal
or a retrograde trans-aortic approach, and was left to the discretion
of the electrophysiologist.

Endocardial mapping was done in all patients initially. Epicar-
dial mapping and ablation was considered in the presence of
multiple factors including, VT 12-lead EKG criteria suggestive of an
epicardial exit, voltage maps suggestive of an epicardial substrate
and persistence or inducibility of VT following endocardial ablation
[1,9]. Epicardial mapping and ablation was done through the peri-
cardial space using previously described techniques [10]. Electro-
anatomic mapping was done using Carto 3D mapping system
(Biosense Webster, Diamond Bar, CA, USA. A 3.5 mm irrigated tip
catheter (Thermocool, Biosense Webster, Diamond Bar, CA, USA)
was used for mapping and ablation of target sites.

Successful RFA sites were defined as sites showing entrainment
with concealed fusion, with a return cycle within 20 msec of the
tachycardia cycle length or pace-mapping with >95% match to
induced VT using the commercially available PASO® software
[11,12]. The end point for ablation was non-inducibility of any VT
(clinical and non-clinical). The Morady’s protocol with two drive
trains and quadruple extra-stimuli was used for re-induction of VT
following ablation [13].

2.4. Statistical analysis

Institutional Review Board approved the data collection and
data was systematically gathered for analysis. All statistical analysis
was done using the SPSS version 23 (SPSS Inc. version 23.0™, IBM
Corporation, Chicago, USA). Continuous variables were expressed
as mean ± SD. Categorical variables were described as proportions
and frequencies (%). Continuous variables were compared using the
Student’s t-test. Categorical variables were compared using the
Fisher’s exact test.

To identify factors that independently predicted the need for a
combined epicardial and endocardial approach to ablation, multi-
variate logistic regression was done. All covariates were initially
assessed in a univariate fashion, and variables with a p-value < 0.1
were included in themultivariate analysis model. All variables from
the univariate analysis were added in a stepwise fashion, and
interaction variables were introduced to identify effect modifica-
tion. The influence of each variable on the model was assessed by
using a likelihood ratio test. Model accuracy was assessed by
calculating the area under the receiver-operating characteristic
curve.

3. Results

3.1. Clinical characteristics

A total of 139 patients underwent VT ablation at our institute
between January 2009 and May 2014. Patients who underwent
ablation for idiopathic VT/premature ventricular contraction (PVC)
(n ¼ 89), patients with failed ablation (n ¼ 8) and patients with
ECGs uninterpretable for Tp-e, Ts-p and QT intervals (n ¼ 10) were
excluded. A total of 32 patients who had successful scar related VT
ablation, via either an endocardial or combined epicardial and
endocardial approach were included in the study. In 14 of the 32
patients, endocardial ablation alone was not sufficient with suc-
cessful ablation requiring an epicardial approach (non-inducibility
of VT) - these patients constituted the Epi group. 18 patients had a
successful ablation from the endocardial approach (Endo group)
alone with non-inducibility of any VT (clinical and non-clinical) at
the end of the endocardial ablation and they constituted the control
group.

All patients were males with the mean age of the study popu-
lation being 64 ± 10.5 years. There was an equal distribution of
comorbidities between the two groups. Half the patients in the
Endo group had ischemic cardiomyopathy while 9 patients in the
Epi group had ischemic cardiomyopathy [9 (50%) vs 9 (64.3%);
p ¼ 0.53]. Left ventricular ejection fraction (LVEF) (34 ± 14% vs
32 ± 13%, p ¼ 0.65), left ventricular end diastolic diameter (LVEDD)
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(60 ± 8mmvs 58 ± 8mm, p¼ 0.47) and left ventricular end systolic
diameter (LVESD) (44 ± 12 mm vs 43 ± 11, p ¼ 0.81) were similar
between the two groups. The QRS duration (111 ± 28 msec vs
94 ± 27 msec, p ¼ 0.13), PR interval (186 ± 53 msec vs 171 ± 49
msec, p ¼ 0.29) and heart rate (73 ± 21 beats per minute vs 68 ± 14
beats per minute, p ¼ 0.43) during sinus rhythm were similar be-
tween the two groups. Baseline characteristics of the two groups
are shown in Table 1. All patients were receiving amiodarone and
betablockers; amiodarone was stopped five half-lives prior to the
procedure.
3.2. Ventricular repolarization markers

There was no significant difference in QT max (447 ± 48 vs
416 ± 36, p ¼ 0.053), QT min (388 ± 41 vs 381 ± 36, p ¼ 0.606) and
QTcmin (416 ± 31 vs 405 ± 26, p¼ 0.309)measurements between 2
groups. QTc max (479 ± 34 vs 449 ± 20, p ¼ 0.008) and QTc
dispersion (63 ± 13 vs 38 ± 8, p ¼ 0.001) measurements were
significantly higher in the Epi group compared to the Endo group.
Another VRP marker, Ts-p which reflects epicardial repolarization
time was significantly higher in Epi group compared to the Endo
group (166 ± 23 vs 143 ± 23, p ¼ 0.008, respectively). There was a
significant difference in Ts-p/Tp-e ratio between the two groups
(1.55 ± 0.26 vs 1.3 ± 0.21, p ¼ 0.001, respectively). Measures of VRP
in patients of both groups are given in Table 2.

A binomial stepwise logistic regression was performed to
determine the effects of the various VRP markers on the approach
needed for ablation (endocardial only vs endocardial and epicar-
dial). Linearity of the continuous variables with respect to the logit
of the dependent variable was analyzed using the Box-Tidwell
procedure [14]. A Bonferroni correction was applied using all 11
elements in the model resulting in statistical significance being
accepted when p < 0.005. Based on this assessment, all continuous
independent variables were found to be linearly related to the logit
of the dependent variable. The logistic regression model was sta-
tistically significant, c2(4) ¼ 32.007, p < 0.0005. The model
explained 87.4% (Nagelkerke R2) of the variance in approach to
ablation (endocardial only vs epicardial and endocardial) and
correctly classified 93.8% of cases. Sensitivity was 92.9%, specificity
was 94.4%, positive predictive value was 92.9% and negative pre-
dictive value was 94.4%. Of the five predictor variables only one
were statistically significant: QTc dispersion. Increasing QTc
Table 1
Baseline characteristics of study population.

Endo group (n ¼
Age (years), Mean ± SD 61 ± 12
Gender Male, n (%) 18 (100)

Female, n (%) 0 (0)
HTN, n (%) 8 (44.4)
DM n(%) 5 (27.8)
Ischemic cardiomyopathy, n (%) 9(50)
Echocardiographic parameters
LVEF (%), Mean ± SD 34 ± 14
LVEDD (mm), Mean ± SD 60 ± 8
LVESD (mm), Mean ± SD 44 ± 12
Electrocardiographic parameters in sinus rhythm
Heart rate (bpm), Mean ± SD 73 ± 21
PR interval (msec), Mean ± SD 186 ± 53
QRS duration (msec), Mean ± SD 111 ± 28

SD e Standard Deviation.
HTN e Hypertension, DM e Diabetes mellitus.
LVEF e Left ventricular ejection fraction.
LVEDD e Left ventricular end-diastolic diameter.
LVESD e Left ventricular end-systolic diameter.
Bpm e Beats per minute, msec - milliseconds.
dispersionwas associated with an increased likelihood of requiring
a combined epicardial and endocardial approach to ablation [OR e

1.47, (95% CI, 1.09e2)] (Fig. 1).
A receiver under operation curve (ROC) analysis was performed

to identify the QTc dispersion value that differentiated individuals
requiring only an endocardial approach from those requiring both
an endocardial and epicardial approach. The area under curve was
0.97 (95% CI, 0.92e1), which is an outstanding level of discrimi-
nation [15]. (Fig. 2) AQTc dispersion of 51.5msec had a sensitivity of
92.9% and a specificity of 100% in differentiating between in-
dividuals who required both an epicardial and an endocardial
approach to ablation from individuals requiring only an endocardial
approach.
4. Discussion

Scar mediated re-entry is the leading mechanism of ventricular
tachycardia (VT) accounting for the majority of cases. While coro-
nary artery disease is the leading cause for such scars, myocardial
scar and scar mediated VT is also seen in individuals with non-
ischemic cardiomyopathy (NICM). An epicardial origin/exit site of
ventricular tachycardia (VT) is present in 10e25% of all patients
undergoing VT ablation [16,17]. Ablation of these VTs from the
endocardial aspect is less rewarding, with remarkable success
while ablating from the epicardial aspect. Accurate identification of
an epicardial origin/exit site of VTs is therefore important to
improve success rates while at the same time reducing the number
of ablation lesions and procedural time.

VT in individuals with coronary artery disease is most
commonly mediated by scar tissue that is predominantly sub-
endocardial in location congruent with the sub-endocardium be-
ing most susceptible to ischemia. However, in individuals with
transmural scars, epicardial exit sites are likely to be present. In
contrast, a higher number of individuals with NICM have epicardial
scar and epicardial VT exit sites. The presence of regional epicardial
scar would lead to differences in epicardial depolarization with
subsequent heterogeneity in repolarization. This increased disper-
sion of repolarization is likely to provide an electrophysiologic
substrate for re-entrant arrhythmias.

QTc dispersion is one of the markers of heterogeneity of repo-
larization [18]. Considerable debate exists regarding the mecha-
nism of QTc dispersion on the surface EKG. Initially, it was believed
18) Epi group (n ¼ 14) P value

67 ± 9 0.14
14 (100) NA
0 (0)
9 (64.3) 0.26
2 (14.3) 0.36
9(64.3) 0.53

32 ± 13 0.65
58 ± 8 0.47
43 ± 11 0.81

68 ± 14 0.43
171 ± 49 0.29
94 ± 27 0.13



Table 2
Ventricular repolarization markers in the two groups.

Endo group (n ¼ 18) Epi group (n ¼ 14) p value

QT Maximum (QT max) 416 ± 36 447 ± 48 0.053
QT Minimum (QT min) 381 ± 36 388 ± 41 0.606
QTc Maximum (QTc max) 449 ± 20 479 ± 34 0.008
QTc minimum (QTc min) 405 ± 26 416 ± 31 0.309
QT dispersion (QT dispersion) 35 ± 8 59 ± 14 0.001
QTc dispersion (QTc dispersion) 38 ± 8 63 ± 13 0.001
Tstart-Tpeak (Ts-p) 143 ± 23 166 ± 23 0.008
Tpeak-Tend (Tp-e) 112 ± 18 108 ± 14 0.538
Ts-p/QT max ratio 0.35 ± 0.06 0.38 ± 0.06 0.158
Tp-e/QT max ratio 0.27 ± 0.04 0.25 ± 0.05 0.110
Ts-p/Tp-e ratio 1.3 ± 0.21 1.55 ± 0.26 0.005

All values expressed as Mean ± Standard deviation.
Tstart-Tpeak e Time interval from start of T wave to peak of T wave.
Tpeak-Tend e Time interval from peak of T wave to end of T wave.
Endo group e Patients requiring endocardial ablation only.
Epi group e Patients requiring both endocardial and epicardial ablation.

Fig. 1. A scatter plot showing the QTc dispersion in the two groups. Patients requiring endocardial ablation only (blue dots) had a significantly shorter QTc dispersion compared
to patients requiring a combined epicardial and endocardial ablation (red dots).
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that regional pathological processes would lead to prolongation of
QT intervals in overlying leads and this was responsible for QTc
dispersion [18,19]. Mirvis further showed increased QT dispersion
in patients with myocardial infarction with increased QT max and
relatively similar QT min compared to the general population [20].

This theory was subsequently questioned by several investigators
with the underlying premise being that all EKG leads are affected by
cardiac electrical activity and hence the duration of electrical activity
on the surface EKG should be the same despite regional differences.
According to the electrocardiographic lead theory, information of all
ventricular electrical activity is contained in the QRS and T loops and
differences in the projection of these loops onto the different leads
contribute to differences in QT duration. This was further substan-
tiated by Kors et al. who showed differences in QTc dispersion with
different T-wave loop morphologies. Pathological states result in
smaller andwider Twave loopswhich result in greater QT dispersion
[21]. Further, increased QTc dispersion has consistently been shown
to be associated with increased mortality [4]. Thus while the
mechanism of QT dispersion may be controversial, its association
with pathological states is consistent.
In our study patients requiring an epicardial and endocardial
approach to VT ablation had a significantly higher QTc dispersion
when compared to patients requiring an endocardial approach
only. In the normal heart the epicardial myocytes have the shortest
action potential duration (APD) while the endocardial myocytes
have longer action potential durations giving rise to a transmural
repolarization gradient [22]. The presence of scar tissue in the
epicardiumwould lead to prolongation of action potential duration
with delayed repolarization [23]. This regional delayed repolari-
zation in the epicardium leads to a reduction in the normal trans-
mural gradient and an altered T-wave vector loop making it smaller
and wider which might explain the greater QTc dispersion seen on
the surface electrocardiogram [21].

Repolarization in the normal heart proceeds from the epicar-
dium to the endocardium. Yan and Antzelevitch showed that
epicardial repolarization is responsible for the initial part of the T-
wave while repolarization of the endocardial and midmyocardial M
cells are responsible for the terminal portions of the T-wave [7]. The
Ts-p interval and Ts-p/Tp-e ratio were significantly higher in the Epi
group compared to the Endo group on univariate analysis, however

https://www.sciencedirect.com/science/article/pii/S0735109785803879


Fig. 2. Receiver under operator curve (ROC) analysis. The area under curve was equal to 0.97 (95% CI, 0.92e1) which is an outstanding level of discrimination. A QTc dispersion of
51.5 msec had a 92.9% sensitivity and 100% specificity for differentiating between the two groups.
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these values were not statistically significant on multivariate
analysis.

Substrate evaluation can help determine possible epicardial exit
sites which can enable one to be prepared for possible epicardial
mapping and ablation. Imaging studies such as CE-MRI are useful
for such substrate evaluation. Similarly, unipolar voltage mapping
in patients without significant endocardial scar on bipolar voltage
maps has been proposed to identify epicardial scar (<5.5 mV RV,
<8.27 mV LV) in patients with NICM and ARVC [24]. The limitation
of this approach is that it provides information about a possible
epicardial substrate/origin of VT only during the procedure and
thus does not improve pre-procedural planning. Using ECG criteria
either during sinus rhythm (like in our study) or VT is cheaper and
more readily available when compared to CE-CMR, and it can
provide clues to an epicardial origin/exit site of VT and the need for
epicardial access pre-procedurally.

The main limitation of our study is the small sample size
involved. A multi-center study involving a higher number of pa-
tients would help confirm this novel finding which would enhance
pre-procedural planning in patients with VT. Another limitation
with the use of QTc dispersion is the high inter-observer variation
seen. In our studywe only included those patients with EKGswhich
were clearly interpretable with well-defined T-waves with identi-
fiable T-wave end points. Further, two electrophysiologists who
were blinded to the results of the procedure independently
reviewed the EKGs and were involved in making measurements,
with good agreement. While this may have helped reduce some of
the inter-observer variation we appreciate that this is an inherent
limitation of the use of QTc dispersion as a marker.
5. Conclusion

To conclude, individuals requiring a combined epicardial and
endocardial ablation approach have a higher QTc dispersion
compared to individuals requiring only an endocardial ablation
with a QTc of greater than 51.5 msec identifying the former group of
individuals with a sensitivity of 92.9% and a specificity of 100%.
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