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Introduction

It is well established in the literature the relationship between
structural heart disease and the occurrence of sudden cardiac death. In
over 70% of underlying heart disease cases is the ischemic myocardial
disease. The pathophysiology stems from the interaction between the
event generating electrical instability and the induction of ventricular
tachycardia, which degenerates into ventricular fibrillation. The
high mortality resulting from the recurrence of these ventricular
tachyarrhythmias stimulated the development of several therapies
with the objective to prevent the sudden cardiac death, including the
surgical approach or radiofrequency ablation aimed at the resection
or elimination of the arrhythmogenic focus and the electric treatment
by artificial cardiac stimulation with automatic implantable cardiac
defibrillator (ICD) and cardiac resynchronization therapy (CRT) [1].
The ICD was introduced in clinical practice in patients who survived
cardiac arrest due to ventricular fibrillation or hemodynamically
unstable sustained ventricular tachycardia associated with structural
cardiopathy, and therefore for secondary prevention of sudden
cardiac death [2-6]. Given the first results, Clinical trials aimed at
primary prevention, including patients with coronary artery disease
and patients with reduced EF, spontaneous non-sustained ventricular
tachycardia and sustained ventricular tachycardia induced by the
electrophysiological study (EPS) were proposed as eligibility criteria.

In accordance with the latest Brazilian Guidelines for Implantable
Electronic Cardiac Devices [7] the ICD reduces mortality and is
recommended for primary prevention of sudden cardiac death in
patients with ventricular dysfunction in cases of: (i) left ventricular
ejection fraction (LVEF) <35% due to myocardial infarction with
myocardial infarction for more than 40 days in functional class II
or IIT; (ii) myocardial infarction for more than 40 days, LVEF <30%
in functional class I; (ili) Non-sustained ventricular tachycardia due
to previous myocardial infarction, LVEF <40%, with ventricular
fibrillation or sustained ventricular tachycardia induced by
electrophysiological study; and (iv) non-ischemic cardiomyopathy
with LVEF <35%, functional class II or III. However, some patients
with normal LVEF, areas of myocardial necrosis present episodes of
pre-syncope, syncope, monomorphic or polymorphic ventricular
ectopic beats in high incidence, non-sustained ventricular tachycardia,
needing to be submitted to EPS, to elucidate the symptoms. These
areas of necrosis may act as a substrate for the mechanism of reentry
of such arrhythmias. The aim of the present study was to compare

Cardiovasc Disord Med, 2017 doi: 10.15761/CDM.1000148

the incidence of sustained ventricular tachycardia and ventricular
fibrillation induction during EPS in patients with cardiac scar zones
and low vs. normal LVEF.

Methods

This transversal study involved 129 patients with low (n=33) or
normal (n=96) LVEF, areas of myocardial necrosis, with a history of
episodes of pre-syncope, syncope, monomorphic or polymorphic
ventricular ectopic beats in high incidence, non-sustained ventricular
tachycardia. The study was piloted in agreement with the Helsinki
declaration and approved by the ethics committee of our institution.
All patients signed the informed consent term before inclusion.

Study subjects

This study was conducted at the Hospital e Clinica Sdo Gongalo, Rio
de Janeiro, Brazil. Patients were enrolled from January 2015 until April
2017 from the Arrhythmias and Artificial Cardiac Pacing Service of the
same hospital. Patients with the combination of the following criteria
were consecutively enrolled: (i) a LVEF 250% or <30% measured by
cardiac magnetic resonance image (MRI) using the Simpson’s method,
(ii) scar zones detected by cardiac MRI, (iii) episodes of pre-syncope or
syncope, (iv) monomorphic or polymorphic ventricular ectopic beats
in high incidence, as well as, non-sustained ventricular tachycardia
diagnosed on 24-hour-Holter monitoring, (v) age of 18 to 80 years, and
(vi) the capacity to read, comprehend, and sign the informed consent
form and attend the clinical tests.

The patients that presented any of the subsequent criteria were
excluded: (i) pregnancy; (ii) valvular disease with significant adverse
sequelae; (iii) unstable angina, myocardial infarction, transient
ischemic attack or stroke within the 6 months before the procedure;
(iv) a known addiction to drugs or alcohol that affects the intellect;
(v) a serious health condition that, in the investigator opinion’s, may
adversely affect the safety and/or efficacy of the participant or the study;
(vi) treatment with amiodarone; (vii) previous cardiac arrest.
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The individuals were divided into two groups (LVEF 250%, n=96,
and LVEF <30%, n=33). All of them underwent to EPS to assess the risk
of iducible sustained ventricular tachycardia or ventricular fibrillation.
The goal of the present study was to compare the incidence of sustained
ventricular tachycardia and ventricular fibrillation induction during
EPS in patients with cardiac scar zones and low vs. normal LVEF.

24-hour-Holter monitoring

Patients underwent a 24-hour-Holter monitoring (Galix
Biomedical Instrumentation, Florida, USA). A 3-channel recorder was
used to record the electrocardiographic traces, calculate the minimum,
mean and maximum HR, the quantity and the morphologies of PVCs
at baseline [8]. Polymorphic PVCs were defined as 3 or more PVCs of
different morphologies in a high incidence each one [8].

Cardiac MRI

Cardiac MRI was performed in all patients at baseline using a
1.5 T Achieva magnetic resonance images (MRI) scanner (Philips
Healthcare, Best, the Netherlands) or 1.5 T Siemens Symphony or a
1.5 T Siemens Aera MRI system (Siemens Healthcare Sector, Erlangen,
Germany). Cine images were acquired using a balanced steady-state
free precession sequence during breath-holds of ~10-15 s using VCG
gating with patients being positioned in the supine position. Whole-
heart overage from apex to the base was performed as previously
reported [9]. Additionally, late gadolinium enhancement (LGE) has
been performed in all patients to evaluate the impact of RSD on scar
tissue. Late gadolinium-enhanced imaging was performed 10-15 min
after injection of 0.2 mmol/kg gadolinium DTPA using an inversion-
recovery 3D spoiled gradient echo sequence. The pre-pulse-delay
was individually adjusted according to a pre-pulse-delay finder
(Look-Locker sequence). All CMR examinations were performed by
operators, who were blinded to patient’s treatment.

Cardiac magnetic resonance analysis

Left ventricular mass (LVM) measurements and ejection
fraction

Cardiac MRI analyses were performed according to the
recommendations of the task force for post-processing of the Society
for Cardiovascular MR [10]. Offline Cardiac MRI analyses were
performed using the software Qmass MR Enterprise Solution (version
7.4, Medis, the Netherlands). Endocardial and epicardial borders were
traced automatically and corrected manually at end-diastole and end-
systole, while the papillary muscles were excluded from LVM to achieve
better reproducibility [11]. Left ventricular volumes and mass were
calculated using the summation of slices method [12]. Left ventricular
end-systolic (LVESVI) and end-diastolic volume index (LVEDVI)
were normalized in every patient for sex, age, height, and weight,
and LVESVI and LVEDVI have been assessed [13]. LVM has then
normalized indexing to body surface area (g/m?) [14]. Left ventricular
ejection fraction (LVEF) was calculated by Simpson’s method.

Scar tissue

To observe the myocardial fibrosis at baseline, LGE MRI was applied
using the inversion-recovery gradient-echo sequence. Late gadolinium-
enhanced images were scored visually by two experienced observers
(blinded to other MRI and clinical data) at the time of the acquisition
using a 17-segment model [15]. Each segment was graded using the
following -point score: 0, the absence of enhancement; 1, enhancement
of 1-25% transmurality; 2, enhancement of 26-50% transmurality; 3,
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enhancement of 51-75% transmurality, and 4, enhancement of 76-
100% transmurality [16]. The score per segment was then calculated by
dividing total score by 17 referring to the 17-segment model [15].

EPS

Under fluoroscopic vision, one right femoral vein puncture was
performed, with one 6F sheath. Through the sheath one quadripolar
fixed curve catheter was positioned at the tip of the right ventricle;
Programmed ventricular stimulation at continuous cycles of 500 and
430 ppm with up to 3 coupled extra-stimuli was performed.

Statistical analysis

The results are expressed as a mean and standard deviation for
normally distributed data and as median with interquartile range
otherwise. All statistical tests were two-sided. Comparisons between
two-paired values were performed with the paired t-test in cases of a
Gaussian distribution and by the Wilcoxon test otherwise. Comparisons
between more than two-paired values were made by repeated-
measures analysis of variance or by Kruskal-Wallis analysis of variance
as appropriate, complemented by a post-hoc test. Categorical variables
were compared with Fisher’s exact test. A P-value <0.05 was considered
significant. Correlations between two variables were performed by
Pearson’s chi-square test in case of a Gaussian distribution and with
the Spearman correlation test otherwise. All statistical analyses were
performed using the program GraphPad Prism v 7.0 (GraphPad
Software, La Jolla, CA, USA).

Results
Baseline characteristics of patients

The general features of both groups of patients are listed in Table 1.

EPS - Sustained
fibrillation induction

ventricular tachycardia/ventricular

During the EPS, all of them (100%) of the 33 patients in the LVEF
<30% group presented induced sustained ventricular tachycardia/
ventricular fibrillation. And, 86 (90%) of the 96 patients in the LVEF
>50% group developed induced sustained ventricular tachycardia/
ventricular fibrillation (P=0.0636) by Fisher’s exact test, presenting
no difference between groups regarding the risk of the sudden cardiac
death, as shown in Figure 1.

Conclusion

Regarding the risk of the sudden cardiac death, there was no
difference between groups. We showed that even with normal LVEF
patients presenting scar zones in cardiac MRI, clinical symptoms of
cardiac low output, and monomorphic or polymorphic ventricular
ectopic beats in high incidence, as well as, non-sustained ventricular
tachycardia diagnosed on 24-hour-Holter monitoring have the same
risk to develop sustained ventricular tachycardia or ventricular
fibrillation induction during the EPS, than subjects with low LVEF.
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Figure 1. During the EPS, all of them (100%) of the 33 patients in the LVEF <30% group presented induced sustained ventricular tachycardia/ventricular fibrillation. And, 86 (90%) of the
96 patients in the LVEF >50% group developed induced sustained ventricular tachycardia/ventricular fibrillation (P=0.0636) by Fisher’s exact test; EPS, electrophysiological study; LVEF,

left ventricular ejection fraction; VF, ventricular fibrillation; VT, ventricular tachycardia.

Table. General features of the patients

Parameters LVEF <30% LVEF >50% P value
N 33 96 -
Cardiac MRI parameters
Mean LVEF, % 24.0+3.7 56.5+4.6 <0.0001
Scar zones, % 73+39 48+23 <0.0001
Uncontrolled hypertension (%) |13 (40%) 23 (24%) 0.1152
Age, years 63.2+10.5 58.8+14.3 0.1073
Body mass index, kg/m? 272+34 26.1£5.0 0.2432
Male gender (%) 25 (76%) 76 (79%) 0.8069
White ethnicity (%) 20 (61%) 71 (74%) 0.1845
Coronary artery disease (%) 29 (88%) 80 (83%) 0.7808
Type 2 Diabetes Mellitus (%) 9 (27%) 18 (19%) 0.3359
Antihypertensive
ACE-inhibitor/ARB (%) 33 (100%) 96 (100%) >0.9999
Diuretic (%) 25 (76%) 68 (71%) 0.6581
DHP Ca™* channel blocker (%) 13 (40%) 23 (24%) 0.1152
B blocker (%) 33 (100%) 96 (100%) >0.9999
Spironolactone (%) 33 (100%) 96 (100%) >0.9999

Values are presented as mean +
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