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Background Brugada syndrome (BrS) is an inherited cardiac condition that increases the risk of sudden cardiac death (SCD) due to ventricular 
arrhythmias. Catheter ablation has been shown to effectively reduce recurrent ventricular fibrillation (VF) episodes through target
ing of abnormal electrograms predominantly located within the anterior surface of the right ventricular outflow tract. Signal 
frequency mapping is an emerging concept that provides further definition of pathological ventricular substrate.

Case summary A 66-year-old male with BrS was admitted to our institution with implantable cardioverter defibrillator shocks for VF. Electro-ana
tomical mapping (EAM) and ablation were performed utilizing a novel automated frequency-based strategy. Combined automated 
frequency and low voltage maps were generated to define high frequency, low voltage (HF-LVo) depolarization abnormalities with
in the QRS complex. Low frequency, low voltage (LF-LVo) regions from the QRS terminal notch to the T-wave offset were also 
identified. The combined HF-LVo and LF-LVo map areas totalled 12.4 cm2, compared to the conventional low voltage and late po
tential map areas, which were 44 cm2 and 27.8 cm2, respectively. The ablation strategy targeted HF-LVo and LF-LVo regions only. 
Following ablation, re-mapping demonstrated near complete abolition of HF-LVo and LF-LVo regions, with no inducible ventricular 
arrhythmias during extra-stimulation testing. During follow-up, ECG normalization was observed, with no further ventricular 
arrhythmias and a negative ajmaline challenge at 6 months.

Discussion Catheter ablation for BrS utilizing a novel automated combined frequency and low voltage EAM approach can objectively identify 
relevant substrate. The results demonstrate adequate substrate modification with comparable ablation target areas to previous 
studies and encouraging clinical outcomes.
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Learning points
• Automated combined frequency and low voltage electro-anatomical mapping can objectively identify relevant substrate in Brugada 

syndrome.

• A combined frequency and low voltage catheter ablation approach can demonstrate favourable clinical outcomes.

Introduction
Brugada syndrome (BrS) is an inherited cardiac condition that in
creases the risk of sudden cardiac death (SCD) due to the develop
ment of malignant ventricular arrhythmias, primarily ventricular 
fibrillation (VF).1 Currently, implantable cardioverter defibrillators 
(ICDs) are a proven effective treatment to prevent SCD in those 
with BrS.2 Implantable cardioverter defibrillators are currently re
commended with a class I indication, as per the European Society 
of Cardiology (ESC) guidelines, for those with BrS who have previ
ously survived a cardiac arrest or have sustained documented ven
tricular arrhythmias.2 Primary prevention implantation in patients 
with arrhythmic syncope remains a class IIa indication.2 However, 
ICDs do not treat the underlying substrate and the reported inci
dence of appropriate ICD therapies ranges from 10–50% during 
long-term follow-up.3

Catheter ablation has been shown to effectively reduce VF episodes 
by targeting abnormal electrograms (EGMs), predominantly located at 
the anterior epicardial surface of the right ventricular outflow tract 
(RVOT).4,5 Abnormal EGMs have been defined as low voltage, split or 
fractionated EGMs with multiple potentials and >20 ms isoelectric seg
ments between peaks of individual components, and wide duration 
(>80 ms) or late potentials (LPs).4 Brugada et al. described an alternative 
but similar ablation strategy targeting fragmented, low frequency EGMs 

with an amplitude of <1.5 mV or associated wide duration (>80 ms), 
multiple (>3), or delayed components extending beyond the end of 
the QRS complex.6

Several groups have utilized these ablation targets and reported im
pressive long-term freedom from VF.5,7 More recently, two distinct 
types of abnormal EGMs based on the presence of high or low fre
quency components have been described and proposed to correlate 
with depolarization and repolarization abnormalities, respectively.8

High frequency potentials may be an equivalent to local abnormal ven
tricular activities and due to depolarization abnormalities from surviving 
cells in areas of fibrosis that can cause slow conduction and re-entry.9

Low frequency potentials may reflect dispersion of repolarization with 
recent evidence suggesting that repolarization abnormalities may be 
linked to delayed bipolar recordings.10,11

Signal frequency mapping is an emerging concept that provides fur
ther definition of pathological ventricular substrate.12 The Omnipolar 
Technology Near Field (OT-NF) feature of the EnSite™ X (Abbott, 
Minneapolis, MN) mapping system enables generation of automated 
frequency maps. To our knowledge, automated frequency maps utiliz
ing the peak frequency (PF) algorithm to guide ablation for BrS has not 
been previously reported. Herein, we present a case utilizing novel 
automated combined frequency and voltage maps to guide catheter 
ablation.
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Case presentation
A 66-year-old Caucasian male with a spontaneous Type I BrS pheno
type, SCN5A gene variant negative and no other relevant past medical 
history, was admitted to our institution with electrical storm and five 
ICD shocks for VF (Figure 1A and B). On presentation, a physical exam
ination was otherwise normal. The initial diagnosis of BrS was made in 
2015 following an out-of-hospital cardiac arrest with subsequent ICD 
implantation. Cardiac MRI and coronary angiography revealed no evi
dence of cardiomyopathy, and the 12-lead ECG was diagnostic of spon
taneous type 1 BrS characterized by J point elevation > 2 mV with 
coved ST elevation and T-wave inversion in the right precordial ECG 
leads, V1 and V2, positioned in the second intercostal space 
(Figure 1A). The patient had suffered 10 previous appropriate shocks 
prior to the index presentation which were managed without the 
use of drug therapy or catheter ablation. Pharmacological management 
with quinidine was not available due to limited supply. Quinidine has 
been shown to reduce shock frequency with a class IIa guideline recom
mendation in BrS patients who qualify for an ICD but have a contraindi
cation, decline, or have recurrent ICD shocks.2 In keeping with a 
guideline-directed approach, catheter ablation was performed.

The procedure was performed under conscious sedation with epi
cardial access obtained utilizing the CO2 insufflation technique, and 
electro-anatomical mapping (EAM) performed using the Ensite X map
ping system with the Advisor™ HD Grid mapping catheter, (Abbott, 
Minneapolis, MN) using EGMs filtered 30–300 Hz (Figure 1C–H). The 
pathological substrate in BrS is site specific predominantly the epicardial 
RVOT and for this reason, epicardial mapping is a guideline 
recommendation.2,4

The epicardial substrate map (6721 points used) confirmed a large low 
voltage (LVo) region on the anterior aspect of the RVOT (Figure 1H) with 
late potentials (LPs) (Figure 1G, representative EGMs shown in Figure 2C). 
LVo was defined as 1.5–0.2 mV based on background noise characteriza
tion (0.04–0.19 mV). Combined automated frequency and LVo maps 
(Figure 1C and D) were generated using the turbo-map function with 
the EGM window of interest (WOI) set to define: 

(1) High frequency-low voltage (HF-LVo) regions highlighting depolariza
tion abnormalities incorporating the QRS onset to terminal portion 
of the T-wave (Figure 1C, representative EGMs shown in Figure 2A). 
High frequency was defined as >220 Hz. Within the LVo region, the 
mean PF was 264 Hz, compared to 200 Hz within the normal voltage 
region. The overall surface area of the HF-LVo region was 4.92 cm2.

(2) Low frequency-low voltage (LF-LVo) regions with the WOI set from 
the QRS terminal notch to the T-wave offset (Figure 1D, representa
tive EGMs shown in Figure 2B), with low frequency defined as 
<160 Hz. The surface area of the LF-LVo zone was 9.1 cm2, with a 
mean PF of 117 Hz.

The combined HF-LVo and LF-LVo map area was 12.4 cm2 com
pared to the conventional LVo substrate map area of 44 cm2 and LP 
(post-QRS) map area of 27.8 cm2.

A further epicardial substrate map was created following cautious ad
ministration of ajmaline (1 mg/kg over 10 min) limited by the degree of 
QRS widening and corrected QT (QTc) prolongation (Figure 3). The 
coved-type ST-segment elevation followed by a negative T-wave in lead 
V1 increased with an increase in both the QRS duration and QTc interval 
(Figure 3A and B). Abnormal EGMs became homogenized, with a 
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Figure 1 (A) A 66-year-old male with a 12-lead ECG demonstrating spontaneous Type I BrS ECG pattern. (B) Admission to our institution with VF 
episodes and ICD shocks confirmed with device (ICD) interrogation. Epicardial mapping and ablation performed utilizing a novel automated frequency- 
based strategy. (C ) HF-LVo epicardial map displays frequency > 220 Hz. A discrete area of HF-LVo is located at the RVOT region. (D) LF-LVo epicardial 
map displays frequency < 160 Hz post-QRS, with a larger area of LF-LVo highlighted at the RVOT region. (E) Ablation lesions delivered at sites of 
HF-LVo on the visceral epicardial surface. (F ) Ablation lesions delivered at sites of LF-LVo on the visceral surface. (G) Conventional LP map with ablation 
lesions on the visceral surface. (H ) Conventional LVo substrate map with ablation lesions on the visceral surface (ICS: Intercostal Space).
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Figure 2 Window of interest (WOI) settings and example omnipolar EGMs to define high frequency-low voltage (HF-LVo), low frequency-low volt
age (LF-LVo), and late potential (LP) maps. Vertical lines indicate EGM component annotated. (A) HF-LVo regions highlighting depolarization abnor
malities with WOI from the QRS onset to T-wave. Encircled EGMs annotated as high frequency. (B) LF-LVo regions with the WOI set from the 
QRS terminal notch to the T-wave. Encircled EGMs annotated as low frequency. (C ) Conventional late potential (LP) EGMs with corresponding signal 
annotation encircled.
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Figure 3 Electro-anatomical maps following ajmaline administration. (A) Twelve-lead ECG pre-ajmaline administration. (B) Twelve-lead ECG follow
ing ajmaline administration. Note prolongation of QRS width and QTc interval following ajmaline infusion. (C ) Post-ajmaline HF-LVo map. 
(D) Post-ajmaline LF-LVo map. (E) Post-ajmaline conventional low voltage substrate map (1.5–0.2 mV).
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reduction in the HF-LVo area to 1.93 cm2 and mean frequency reduction 
from 264 to 152 Hz (Figure 3C). The presence of LF-LVo regions were 
largely diminished (Figure 3D). The conventional LVo substrate area in
creased from 44 cm2 pre-ajmaline to 58.4 cm2 post-ajmaline (Figure 3E).

Ablation strategy
Ablation targeted HF-LVo and LF-LVo regions only (Figure 1E and F) with 
an ablation endpoint of complete elimination of HF-LVo and LF-LVo sub
strate. Consistent with the BRAVO study, non-inducibility of sustained 
ventricular arrhythmias was not an ablation endpoint.5 Radiofrequency 
(RF) ablation at 30 W was delivered using the TactiFlex™ ablation cath
eter, sensor enabled™ (Abbott, Minneapolis, MN) with ablation para
meters of either 2000 J or a 10 Ω impedance drop per lesion. The 
overall procedural time was 185 min, and total RF time was 31 min.

Following ablation, re-mapping demonstrated near complete aboli
tion of (A) HF-LVo and (B) LF-LVo regions as well as homogenization 
of (C ) conventional substrate and (D) the more extensive LP region 
(Figure 4). Programmed ventricular stimulation with three extrastimuli 
from the RV apex and RVOT with the shortest coupling interval of 
200 ms demonstrated no inducible ventricular arrhythmias. 
Intrapericardial triamcinolone (80 mg) was administered at the end of 
the procedure which reduces the risk of post-epicardial ablation peri
carditis. The patient was discharged home the following day.

At 3-month follow-up, ECG normalization was observed (Figure 4E) 
and at 6-month follow-up, repeat ajmaline challenge was negative 
(Figure 4F) with ICD interrogation at 7 months confirming no further 
ventricular arrhythmias.

Discussion
This is the first description of catheter ablation for BrS utilizing a novel 
automated combined frequency and low voltage EAM approach to 

identify epicardial abnormalities. The HF-LVo map defined fractionated 
components within the QRS and post-QRS region highlighting areas of 
abnormal depolarization, whereas the LF-LVo map defined low fre
quency abnormal signals that may reflect secondary repolarization ab
normalities.8,11 Both high and low frequency components tend to be 
stable over time, supporting a primary conduction related pathophysi
ology. However, the low frequency signals may equally reflect more far 
field delayed depolarization waves.13 Nonetheless, this methodological 
approach utilizing novel mapping technology for BrS ablation allows the 
distinguishment of high frequency and low frequency omnipolar poten
tials with objective targeting of relevant substrate.

Previous conventional ablation approaches reported ablation target 
areas of 14 ± 7 cm2, comparable to the ablation target area in this 
case.14 The overall RF time of 31 min was similar to the recently re
ported BRAVO study (25 ± 16 min),5 suggesting adequate identifica
tion of abnormal EGMs utilizing this novel mapping strategy. 
Reassuringly, ECG normalization even post-ajmaline infusion was ob
served in this case, which has been reported as the only variable pre
dictive of freedom from long-term VF recurrence.5

Large increases in low voltage substrate following administration of 
ajmaline have been previously reported resulting in more extensive ab
lation.7 A corresponding increase was also observed in this case; how
ever, no increase in HF-LVo or LF-LVo regions were observed. This 
limited the area of ablation compared to that which would have been 
required if a more conventional approach was used. Ajmaline adminis
tration has been shown to not only increase the BrS substrate size but 
also cause marked increases in conduction delay and conduction 
block.15 Indeed, the diminished HF-LVo and LF-LVo regions observed 
following ajmaline infusion within our case may be due to conduction 
block in an already spontaneous type 1 patient.

This case report demonstrates that the utilization of automated fre
quency mapping to guide BrS ablation may be effective and could limit 
the amount of ablation required. The use of PF based ablation in BrS 
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Figure 4 Epicardial re-maps post-ablation. (A) HF-LVo map. (B) LF-LVo map. (C ) Conventional substrate map (1.5–0.2 mV). (D) Conventional LP 
map. (E) Three-month post-ablation right precordial ECG leads demonstrating normalization of spontaneous Type I BrS ECG pattern. 
(F ) Six-month post-ablation right precordial ECG leads showing maximal response to ajmaline infusion.
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requires further validation and testing in prospective studies with 
longer follow-up to ensure that adequate substrate modification has 
been achieved.
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