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ORIGINAL RESEARCH

Epicardial and Endocardial Ablation 
Based on Channel Mapping in Patients 
With Ventricular Tachycardia and Chronic 
Chagasic Cardiomyopathy: Importance 
of Late Potential Mapping During Sinus 
Rhythm to Recognize the Critical Substrate
Cristiano de Oliveira Dietrich , MD; Lucas de Oliveira Hollanda , MD; Claudio Cirenza , MD, PhD;  
Angelo Amato Vincenzo de Paola , MD, PhD

BACKGROUND: Ventricular tachycardia (VT) in patients with chronic chagasic cardiomyopathy (CCC) is associated with consid-
erable morbidity and mortality. Catheter ablation of VT in patients with CCC is very complex and challenging. The main goal of 
this work was to assess the efficacy of VT catheter ablation guided by late potentials (LPs) in patients with CCC.

METHODS AND RESULTS: Seventeen consecutive patients with refractory VT and CCC were prospectively included in the study. 
Combined endo- epicardial voltage and late activation mapping were obtained during baseline rhythm to define scarred and 
LP areas, respectively. The end point of the ablation procedure was the elimination of all identified LPs. Epicardial and endo-
cardial dense scars (<0.5 mV) were detected in 17/17 and 15/17 patients, respectively. LPs were detected in the epicardial 
scars of 16/17 patients and in the endocardial scars of 14/15 patients. A total of 63 VTs were induced in 17 patients; 22/63 
(33%) were stable and entrained, presenting LPs recorded in the isthmus sites. The end point of ablation was achieved in 15 
of 17 patients. Ablation was not completed in 2 patients because of cardiac tamponade or vicinity of the phrenic nerve and 
circumflex artery. Three patients (2 with unsuccessful ablation) had VT recurrence during follow- up (39 months).

CONCLUSIONS: Endo- epicardial LP mapping allows us to identify the putative isthmuses of different VTs and effectively perform 
catheter ablation in patients with CCC and drug- refractory VTs.
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Chronic chagasic cardiomyopathy (CCC) is an 
important endemic disorder in Latin American 
countries. In past decades, due to notable migra-

tion, Chagas disease has been introduced to many de-
veloped countries in Europe, North America, and the 
Western Pacific region.1 The principal manifestation of 
chronic infection with Trypanosoma cruzi is cardiac 

disease in ≈30% of patients, where ventricular tachy-
cardia (VT) and sudden cardiac death are still very im-
portant clinical challenges.2,3

The arrhythmogenic substrate is very complex in 
patients with CCC and includes the frequent involve-
ment of the subepicardial layer. Several hypotheses 
have been proposed regarding the pathophysiology of 
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cardiac involvement in CCC, especially chronic myo-
carditis and microvascular disturbances leading to 
myocardial ischemia.4,5 Accordingly, these pathogenic 
factors that produce fibrosis and scarred myocardium 
leave a unique pattern on the arrhythmic substrate of 
chagasic patients, with predominant scar distribution 
in the apex and perivalvular aspect of the left ventricle 
(LV).4– 7

Reentry is the major mechanism of VT associated 
with scarred myocardium in CCC.7 The reentry circuits 
can be large and complex, extending transmurally 

over several centimeters through the ventricular epi-
cardium and endocardium.6– 8 The presence of multi-
ple reentry circuits giving rise to multiple and unstable 
VTs does not allow extensive activation and entrain-
ment mapping.8 Low- amplitude areas mapped by tri-
dimensional systems can be used to identify scarred 
tissue and critical circuit components of scar- related 
VTs.8,9 Additionally, confluent areas of myocardial fi-
brosis frequently exhibit late potentials (LPs), which are 
recorded during sinus rhythm.10,11 Catheter ablation of 
areas exhibiting delayed electrograms has been as-
sociated with a decrease in VT recurrence in patients 
with previous myocardial infarction and nonischemic 
cardiomyopathy.11– 13

Few studies focusing on VT or voltage mapping as 
a target of ablation have demonstrated the feasibility 
of catheter ablation in chagasic patients with short- 
term follow- up.8,14 The importance of LP and channel 
mapping in patients with CCC as a target of substrate- 
based ablation has not yet been demonstrated. The 
purpose of this study was to assess the value of LPs 
encountered during baseline rhythm to identify poten-
tial target sites for VT ablation in chagasic patients. 
Secondary, this study aims to characterize the electro-
physiological chagasic substrate for reentrant VT.

METHODS
The data that support the findings of this study are 
available from the corresponding author on reason-
able request.

Study Population
From December 2007 to April 2009, 17 consecutive 
chagasic patients referred for VT ablation were pro-
spectively enrolled after providing written informed 
consent. All patients had a previous diagnosis of 
CCC. Ischemic heart disease was excluded by prior 
coronary angiography. Inclusion criteria consisted of 
documented episodes of sustained VT, despite anti-
arrhythmic drug therapy, requiring cardioversion or 
implantable cardioverter- defibrillator (ICD) discharge. 
The institutional Ethics Committee approved the study 
protocol.

Electrophysiologic Study, Vascular 
Access, and Pericardial Puncture
Vascular access was obtained through the femo-
ral vein, with patients under deep sedation and in a 
postabsorptive state. One quadripolar catheter was 
positioned in the right ventricle, and programmed ven-
tricular stimulation (PVS) from at least 2 sites (apex and 
outflow tract) was performed using up to 3 extra stimuli 
to induce VT.

CLINICAL PERSPECTIVE

What Is New?
• Chagas heart disease is still an important 

cause of heart failure and sudden death in Latin 
American countries.

• Subepicardial myocardial scarring is an impor-
tant substrate of ventricular tachycardia.

• Late potentials are a marker of abnormal con-
duction channels through epicardial and endo-
cardial myocardial scars and can be used as a 
target of the substrate- based approach to treat 
refractory ventricular tachycardia in patients with 
ischemic and nonischemic cardiomyopathy.

• The impact of late potentials on the channel def-
inition of VT substrates in patients with chronic 
chagasic cardiomyopathy has not yet been 
completely defined.

What Are the Clinical Implications?
• Identification of conduction abnormalities by 

late potential mapping in sinus (or baseline) 
rhythm may improve ventricular tachycardia ab-
lation efficiency.

• Late potentials recorded during sinus rhythm 
have a strong correlation with slow conduction 
in critical VT substrate in patients with Chagas 
cardiomyopathy.

• Catheter ablation guided by late potential elimi-
nation may be a better approach to reduce VT 
in patients with Chagas heart disease.

Nonstandard Abbreviations and Acronyms

CCC chronic chagasic cardiomyopathy
CZ core zone
EZ entrance zone
IDP isolated diastolic potential
LAZ late activation zone
LP late potential
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In all patients, a catheter was placed into the pericar-
dial space using a transthoracic subxiphoid puncture 
approach (without pericardial dye injection). Briefly, the 
pericardial space was entered with a 17- gauge Tuohy 
needle, and a guidewire was passed through the nee-
dle over which an 8- F long sheath was advanced.15 
Next, femoral artery access was obtained for the retro-
grade aortic approach and LV endocardial mapping in 
all patients. Transeptal puncture was additionally used 
in 3 patients to assist LV mapping. Five thousand units 
of heparin (50 units/kg) were administered followed by 
an additional 1000 units per hour. An activated clotting 
time of >250 seconds was targeted.

Substrate Mapping
All 17 patients underwent endo- epicardial mapping dur-
ing sinus rhythm (n=15) or ventricular pacing (n=2). A non-
irrigated catheter with an 8 mm tip electrode (Navistar, 
Biosense Webster, Diamond Bar, CA, USA) or a 3.5 mm 
irrigated tip catheter (Thermocool- Navistar) with a 1 mm 
tip- to- ring interelectrode distance was used in conjunction 
with a 3- dimensional CARTO system for bipolar ventricu-
lar mapping. Intracardiac bipolar signals were recorded in 
the CARTO system (30– 400 Hz filtering) and in the digi-
tal EPTracer system (CardioTek, Maastricht, Netherland) 
with filtering at 30 to 500 Hz. Unipolar electrograms were 
filtered at 2 to 240  Hz. The window of interest on the 
CARTO system was selected to encompass all electro-
grams that were representative of ventricular systole and, 
after the QRS complex, the first half of diastole.

Voltage mapping was acquired point by point, 
and the peak- to- peak signal amplitude of the bipolar 
electrogram was measured automatically (Figure  1). 
Normal ventricular myocardium was defined as sites 
with a bipolar amplitude >1.5 mV. Dense scars were 
considered areas with signal amplitudes <0.5 mV. The 
border zone was defined as a transition zone between 
dense scarring and normal tissue. The local electro-
gram amplitude was estimated by the color display of 
the voltage maps in the CARTO system. Namely, the 
purple color represented a signal amplitude >1.5 mV, 
and the red color depicted a signal amplitude <0.5 mV 
with the remaining color ranges (blue, green, and yel-
low) defining the intermediate electrogram amplitude 
(0.5– 1.5  mV). To ensure adequate sampling density 
and complete representation of abnormal myocardial 
area, the fill threshold of the CARTO system was initially 
set at 15 to 20 mm and after definition of low- voltage 
areas, reduced to <5 mm for high- density mapping (at 
least 4 points to each cm2).

Additionally, a color- codec map of the local acti-
vation delay was created using the same anatomical 
template as that used for the voltage map. Manual ad-
justments of all LPs recorded after the latest surface 
QRS complex were used for the late activation (LAT) 

map (Figure 2). The local activation was annotated at 
the latest deflection of the bipolar electrogram. The 
latest split component of isolated diastolic potential 
(IDP) was taken to represent local activation, and this 
was annotated. For late fractionated potentials (LFPs), 
reference was also made to the latest positive deflec-
tion of the bipolar fragmented electrogram. The mini-
mum cutoff on the color scale was set as the interval 
between the QRS peak used for the CARTO refer-
ence and the latest surface QRS complex recorded 
(QRSpeak– QRSend interval). Thus, areas exhibiting LPs, 
termed the late activation zone (LAZ), are displayed in 
purple in the LAT maps. The LAZ was subdivided into 
2 regions: the entrance (EZ) and core (CZ). The EZ of 
the LAZ was always present and was localized at the 
edge of the scar border zone (within the purple region 
of the LAT map), showing arbitrary extension of 1/3 of 
the total area of the LAZ (Figure 2).

Late potentials were defined as any low- voltage 
electrogram (<1.5 mV) with a single or multiple contin-
uous component(s) recorded after the end of the QRS 
complex (Figure  3). Isolated diastolic potentials were 
characterized as a single high- frequency component 
occurring after the end of the latest surface QRS com-
plex, separated from the first component of the local 
electrogram by at least 20 ms of isoelectric interval.10,16 
Late fragmented potentials were classified as wide- 
duration electrograms (≥50 ms) with multicomponent 
delayed signals (≥3 positive deflections).8,17

After substrate mapping, baseline PVS was per-
formed to induce VT. If VT was sustained and well 
tolerated, entrainment mapping was utilized to define 
the central isthmus, which was tagged in the substrate 
mapping.18 If VT was unstable as a result of hemody-
namic intolerance, tachycardia was terminated by over-
drive pacing or cardioversion. Pacemapping to match 
VT morphologies (≥10/12) was then utilized to define 
exit sites along the border of any low- voltage regions. 
Slow conduction sites were assumed on the basis of 
pacing sites with a long stimulus to QRS delay (S- QRS 
>50 ms).19 Therefore, putative VT channels were de-
fined by at least 2 different sites with identically paced 
QRS morphology and different (at least one >50 ms) 
S- QRS intervals (Figure 2).

Areas of scarring (<0.50 mV) and LAZ were mea-
sured by manually drawing a continuous line around 
the area of interest using the software for area quanti-
fication from the CARTO system.

Catheter Ablation
Under guidance by endo- epicardial substrate mapping, 
ablation of all LAZs was performed during baseline 
rhythm aiming to completely eliminate LPs (Figure 4). In 
patients in whom VT was inducible and well tolerated, 
ablation was initially guided by entrainment to identify 
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the critical isthmus.18 After the baseline rhythm was re-
stored, ablation was continued to completely eliminate 
LPs. If poorly tolerated VTs were induced, tachycar-
dia was interrupted, and ablation was then conducted 
under baseline rhythm with the same end point, target-
ing LAZs.
Ablation was performed with an 8 mm nonirrigated- tip 
catheter (n=16) or 3.5 mm irrigated- tip catheter (n=1). If 
a nonirrigated- tip catheter was used, radiofrequency 
energy was delivered with a power of 50 to 70 W (en-
docardial) or 50 W (epicardial) and a temperature limit 
of 55 to 60 °C. When an irrigated- tip catheter was pre-
ferred, the energy was set with a power of 25 to 40 W 
and a temperature limit of 45 °C (irrigation 17– 30 mL/
min). Coronary angiography was performed before 
epicardial ablation to avoid injury to the coronary arter-
ies. Similarly, the phrenic nerve course was assessed 
by high- energy stimulation (20  mA at 2  ms) during 

epicardial mapping, and ablation was averted near the 
places of phrenic capture. Substrate- based ablation 
was performed in the epicardium with radiofrequency 
applications no closer than 1 cm to a coronary vessel 
or site demonstrating phrenic nerve capture with local 
pacing.

The end point of the procedure was the complete 
elimination of the LPs. After the radiofrequency de-
livery covering all LAZs, remapping was performed 
in these areas where LPs were previously recorded. 
Additional substrate ablation was then performed in 
the presence of residual LPs until the complete abo-
lition of all late activities was achieved. When the end 
point was reached, unipolar pacing (10  mA at pulse 
width 2  ms) was performed in the region previously 
exhibiting the delayed electrograms. If pacing capture 
occurred, radiofrequency ablation was restarted until 
the local tissue was rendered electrically unexcitable. 

Figure 1. Endo- epicardial ventricular bipolar voltage mapping during sinus rhythm (patient 3).
A low- voltage area exhibiting late potentials was identified in posterolateral basal segments of the left ventricle. A sample of 2 
electrograms recorded during point- by- point mapping is indicated by the abnormal signals in the border zone (A) and dense scar 
(B). In this color- coded voltage map, red indicates a dense scar (<0.5 mV); purple, normal tissue (>1.5 mV); and the remaining colors 
represent the border zone (0.5– 1.5 mV).

A B
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Figure 2. Epicardial arrhythmogenic substrate defined by voltage and activation mapping during sinus rhythm (patient 8).
Activation mapping was initially set up (A) using the measure of the QRSpeak– QRSend interval (51 ms) that was inserted as the cutoff 
for the color scale (B). Two nonconfluent areas containing late potentials, displayed in purple (C), were identified within the epicardial 
dense scar (D). Pace mapping performed in these 2 regions, termed late activation zones (LAZ), was related to inducible ventricular 
tachycardias (VT); pacemap 1 (PM1) matched to VT1 (E), and pacemap 2 (PM2) matched to VT2 (F). The sectors of the LAZ (white 
dashed line) are represented as the core zone (CZ), within the dense scar (red dashed line), and the entrance zone (EZ— yellow box), 
near of the border of the scar (G).

A B C

D F

E

G
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The noninducibility of VTs was evaluated at the end of 
the procedure as a secondary end point.

Postprocedure Care
Vascular sheaths were withdrawn immediately after 
the procedure. Pericardial long sheaths were re-
tracted after dry pericardial aspiration was con-
firmed. Before hospital discharge, all patients were 
evaluated by transthoracic echocardiography (TTE). 
ICD therapies were reprogrammed with VT and ven-
tricular fibrillation zones. Patients were monitored for 
at least 48  hours in the hospital. Amiodarone was 
administered to all patients unless contraindicated or 
not tolerated.

Clinical Follow- Up
Patients were followed at 1, 4, and 6 months and then 
every 6  months thereafter. Ventricular tachycardia 
recurrence was assessed by patient interview, ECG 
recording or interrogation of the ICD. The ICD was 
routinely programmed to include a monitoring zone 
(≥120  beats/min) to facilitate the identification of any 
asymptomatic recurrence of VT. TTE was conducted 
at 12 and 24 months to reassess ventricular function. 
If no VT episode was documented, amiodarone was 
withdrawn or reduced between 4 and 12  months of 
follow- up (Figure S1). The clinical end point was recur-
rence of VT. Follow- up was ended when the last pa-
tient completed 24 months (Abril 2011).

Figure 3. Abnormal bipolar electrograms typically recorded in the chagasic substrate (patient 13).
A, Low- amplitude electrogram (0.56  mV) with duration of 50  ms and 2 positive deflections recorded in the border zone of left 
ventricular endocardial scar; (B) low- voltage signal (0.20 mV) displaying an isolated diastolic potential (IDP) recorded 42 ms after the 
end of QRS; (C) another sample of IDP with an amplitude of 0.14 mV and an interval between end QRS and split signal of 132 ms. Both 
delayed electrograms (B and C) were recorded inside of the late activation zone (LAZ) and dense scar area of the endocardium and 
epicardium, respectively; (D) late fragmented potential (LFP) showing multicomponent deflections (5 positive deflections) after the end 
of QRS (latency of 50 ms) was recorded near the border zone of the endocardial scar (0.40 mV) and within of the entrance of the LAZ; 
(E and F) both LFPs exhibiting a delayed (48 ms) and very delayed (120 ms) signal after the QRS was recorded inside of the core of the 
LAZ and dense scar of the endocardial (0.25 mV) and epicardial (0.18 mV) mapping, respectively.
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Statistical Analysis
Categorical variables are expressed as absolute num-
bers and percentages. Quantitative variables are ex-
pressed as the mean±SD or median and interquartile 
ranges (IQR; 25th– 75th percentile). For comparing con-
tinuous variables, Student paired or unpaired t test or 
a nonparametric test (used as an alternative to Student 
t test) were used as appropriate. Linear mixed- effect 
model was used to study the association between the 
area (scar and LAZ) encountered in the endocardial 
and epicardial surface adjusting for the relatedness 
(scar and LAZ) that occur on the same subject; area 
(scar and LAZ) or percentage of LAZ in the scar was 
used as dependent variable and surface mapped 
(endo or epi) and substrate (scar or LAZ) was used 
as fixed factors. A P≤0.05 was considered statistically 
significant. Arrhythmic event- free survival was graphi-
cally displayed according to the Kaplan- Meier method 
and compared by long- rank. The sensitivity, specificity, 
and positive and negative predictive values were as-
sessed to define the accuracy of LP elimination as an 
ablation end point. Data were analyzed by SPSS 28.0 
for Windows (SPSS Inc., Chicago, IL).

RESULTS
Clinical Characteristics
A total of 17 patients were included in the study 
(Table 1). The mean age was 55±7 years, and 12 pa-
tients (65%) were men. The mean left ventricular ejec-
tion fraction (LVEF) assessed by TTE was 37±7%. 

According to the New York Heart Association (NYHA) 
Functional Classification, 10 patients were class II, 5 
were class III, and 2 were class I with regard to heart 
failure classification.

All patients were treated with at least one antiar-
rhythmic drug: 16 patients (94%) received amiodarone, 
6 patients (41%) were using amiodarone plus mexile-
tine, and one patient received mexiletine only. All but 
one patient were treated with carvedilol or metoprolol 
CR/XL. One month before the procedure, the mean 
number of VT episodes was 25±23 (range 3– 64), and 
the clinical VT cycle length was 331±47 ms.

Electrophysiological Findings and 
Mapping
All patients underwent endo- epicardial bipolar map-
ping during baseline rhythm with a cycle length 
of 965±100  ms and QRSpeak- QRSend interval of 
90±42 ms. Endocardial and epicardial point sampling 
was similar (331±148 versus 393±141 points/map; 
P=0.13). Myocardial scarring (<0.5  mV) was present 
in all patients. These confluent areas were mainly ob-
served in the posterolateral basal segments of the LV 
(n=14), whereas anteroapical scarring was found in 
only 3 patients.

Endocardial scars were identified in 15/17 (88%) pa-
tients, whereas epicardial scars were identified in all 
patients (Table  2). Combined endo- epicardial maps 
showed a confluent area of low- voltage electrograms 
in 15 patients, suggesting a transmural scar. Two other 
patients (patients 2 and 5) showed only an abnormal 

Figure 4. Complete elimination of the late potentials by endo- epicardial catheter ablation (patient 16).
Left ventricle endocardial (A and C) and epicardial (B and D) mapping are displayed in posterosuperior and posterolateral projections, 
respectively. Bipolar voltage mapping identified a large confluent transmural epicardial (B) and endocardial (A) scar that includes 
areas exhibiting late potentials, as shown in the late activation maps (C and D). Red dots represent the sites where radiofrequency 
(RF) energy was delivered to eliminate all late potentials. In the right image (E), progressive slowing of an isolated diastolic potential 
(arrow) until disappearance is shown during delivery of RF ablation.
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voltage in the epicardium. Endocardial dense scar-
ring areas (median, 20.7  cm2; IQR, 16.3– 42.1  cm2) 
were statistically similar to epicardial scars (median, 
23.5 cm2; IQR, 18.2– 68.4 cm2; P=0.17); however, in-
dividual values of epicardial scars were greater than 
those of scars on the endocardium in 13 of 17 patients 
(Figure 5).

Areas exhibiting LPs were found in 14/17 (82%) 
patients in the endocardial mapping and in 16/17 
(94%) in the epicardial mapping (Table  2). All LAZ 
were observed within the densely scarred areas: 
14/15 endocardial scars and 16/17 epicardial scars. 
Patients 10 and 17 presented 2 nonconfluent LAZs 
within a region of myocardial scarring in the LV en-
docardium. Three patients had 2 (patients 7 and 8) 
or 3 (patient 16) nonconfluent LAZs in the epicar-
dial scar, and there were 2.1±0.8 LAZs per patient 
(Table 2).

Sixteen endocardial and 20 epicardial nonconflu-
ent LAZs were observed (1.00±0.61 versus 1.24±0.66 
LAZ per patient; P=0.3). The average extension of 
these areas was larger on the epicardium than on the 
endocardium (8.1±5.8 versus 13.4±9.5 cm2; P=0.05). 
In other words, LAZs occupied 23±15% of the en-
docardial area and 33±12% of the epicardial area of 
the scar (P=0.04). Individually, the epicardial LAZ area 
was larger than the endocardial LAZ area in 11 of 17 

patients (Figure 5). In a based on mixed effect model, 
the percentage of LAZ occupying the epicardial scar 
was 7.7% superior than the endocardium (CI95%, 
0.28– 15.14%; P=0.04). However, there were no differ-
ences between the scar or LAZ areas comparing the 
endocardium with the epicardium in the mixed model 
(Table 3).

A total of 2512 electrograms (1289 endocardial 
and 1223 epicardial) were recorded in the low- voltage 
area (<1.5 mV): 620/1289 (48%) were endocardial LPs, 
and 753/1223 (61%) were epicardial LPs (Table  4). 
These delayed electrograms were more prevalent in 
the dense scar than in the border zone (1201/1695 
[70%] versus 172/817 [21%]; P<0.001). The type of LP 
(isolated or fragmented) was similar in the dense scar 
(IDP, 663/1695 [39%] versus LFP, 538/1695 [31%]; 
P=0.54), but isolated potentials were significantly 
less frequent in the border zone than in the dense 
scar (IDP- border zone, 28/817 [3%] versus IDP- 
dense scar, 663/1695 [39%]; P<0.001). Additionally, 
the prevalence of LP types was different in the LAZ 
sectors; IDPs were more frequent in the core than in 
the EZ (594/865 [68%] versus 97/542 [18%]; P<0.001) 
and, conversely, FPs were more prevalent in the EZ 
than in the CZ (411/542 [76%] versus 271/865 [31%]; 
P=0.001). LP fragmentation was significantly greater 
in the dense scar than in the border zone (5.0±2.8 

Table 1. Clinical Characteristics of Patients Before Catheter Ablation

Pts* Age (y) Sex LVEF (%) ICD AAD Amio dose (mg/d) ß- blocker
VT cycle 
length (ms) VT†

1 66 M 45 No Amio+mexil 600 Yes 300 3

2 49 F 51 No Amio 400 Yes 320 5

3 60 M 34 Yes Amio+mexil 800 Yes 300 54

4 56 M 33 Yes Amio+mexil 600 Yes 380 27

5 60 F 40 Yes Mexil* … No 250 6

6 64 M 42 Yes Amio 400 Yes 330 56

7 53 F 45 Yes Amio 400 Yes 280 10

8 61 M 32 No Amio 400 Yes 440 4

9 55 M 38 Yes Amio+mexil 600 Yes 340 53

10 48 M 32 Yes Amio 400 Yes 360 22

11 53 M 24 Yes Amio+mexil 600 Yes 350 60

12 48 F 48 Yes Amio 600 Yes 260 3

13 68 M 45 Yes Amio+mexil 400 Yes 320 64

14 52 M 28 Yes Amio 600 Yes 385 4

15 41 M 38 Yes Amio 600 Yes 340 41

16 51 M 30 Yes Amio 400 Yes 360 3

17 55 F 35 No Amio 600 Yes 320 10

All 55±7 … 37±7 … … 494±175 331±47 25±23

Values are expressed as absolute value or mean±SD. AAD indicates antiarrhythmic drug; Amio, amiodarone; F, female; ICD, implantable cardioverter- 
defibrillator; LVEF, left ventricular ejection fraction; M, male; mexil, mexiletine; Pts, patients; and VT, ventricular tachycardia.

*Patient 5 did not use amiodarone (amio) or ß- blockers (carvedilol or metoprolol).
†Number of VT episodes in 1 month prior to VT ablation.
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versus 3.3±0.5; P<0.001) and in the epicardium than 
in the endocardium (5.0±3.1 versus 4.2±1.4; P<0.001). 
Additionally, the fragmentation was more pronounced 

in the core than in the entrance of the LAZ (6.6±3.1 
versus 3.4±0.5; P<0.001). Finally, amplitudes of LPs 
were significantly greater in the epicardium than in 

Figure 5. Comparison of endocardial and epicardial areas of the chagasic substrate.
Scar and LAZ areas measured in each patient (A). The mean (B) and median (C) were showed to compare scar area (*), LAZ area 
and percentage of LAZ related with the scar (LAZ/scar) between the endocardium (endo) and epicardium (epi). LAZ indicates late 
activation zone; and Pt, patient. *Scar areas were a non- normally distributed data.

Table 3. Comparison Between the Endocardial and Epicardial Mapping According to the Scar and LAZ

Comparison Variable dependent Results (average) CI 95% P value

Endo vs Epi Areas (cm2) −3.31 −19.81 to 13.18 0.69

Endo vs Epi Scar area (cm2) −7.90 −42.86 to 41.27 0.97

Endo vs Epi LAZ area (cm2) −3.98 −10.00 to 2.04 0.18

Scar vs LAZ Areas (cm2) 33.74 17.55 to 49.90 <0.0001

Epi vs Endo Rate of LAZ in the scar (%) 7.7 0.28 to 15.14 0.04

Endo indicates left ventricle endocardium; Epi, ventricular epicardium; and LAZ, late activation zone.



J Am Heart Assoc. 2022;11:e021889. DOI: 10.1161/JAHA.121.021889 11

de Oliveira Dietrich et al Channel Mapping and Ablation of Chagas VT

the endocardium (0.20±0.10 versus 0.18±0.09  mV; 
P=0.001) and the delay between the latest QRS re-
corded and inscription of LP (QRSend- LP interval) was 
similar between the endocardial and epicardial map-
ping (43±41 versus 43±19 ms; P=0.92).

A total of 63 sustained monomorphic VTs with a 
cycle length of 382±68 ms were induced in 17 patients 
(3.7±2.6; range 1– 11), with one patient having only 1 
induced VT and the remaining 16 patients having ≥2 
induced VTs. Unmappable VTs were considered in 
41 (65%) of the induced arrhythmias due to hemody-
namic collapse. Therefore, activation and entrainment 
mapping were possible in only 22 well- tolerated VTs. 
The cycle length of stable VTs was significantly slower 
than that of nonmappable VTs (420±75  ms versus 
361±55 ms, P<0.001).

A total of 31 sites within the VT circuit were identi-
fied by entrainment mapping; 1 entrance/inner loop, 10 
mid- isthmus, 16 exit- isthmus, 1 bystander, and 3 outer 
loop sites were identified (Table  5). All mid- isthmus 
sites (100%) were mapped in the CZ of the areas ex-
hibiting LPs and were located within the dense scar, 
with a signal amplitude <0.50 mV. Conversely, 13 of the 
16 exit sites (81%) were located in the EZ of the LAZ, 
most commonly found in the scarred myocardium 
(<0.50 mV). The other 3 exit sites were recorded in the 
border zone (0.5– 1.5  mV) but outside of the LAZ (in 
other words, without LPs). Sites defined as bystander 
or entrance/inner loop of reentry were located inside 
the dense scar and presented LPs during baseline 
rhythm. The outer loop sites were mapped outside 
of the LAZ, with signal amplitudes between 0.5 and 
1.5 mV (border zone).

Pacemapping was performed at 110 sites in 
the endocardium and 100 sites in the epicardium 
(Table 6). All pacemapping sites were located in the 
low- voltage area (<1.5 mV). One hundred sixty- nine 
(80%) of these 210 sites had LPs recorded during 
the baseline rhythm. Seventy- two percent (122/169) 
of the sites displaying LPs had significantly higher 
matching pace maps (≥10/12) than pacing at sites 
(23/210) with low voltage and the absence of LPs 
(72 versus 10%, P<0.001). All pace maps gener-
ated within the core of the LAZ (105±41  ms) and 
densely scarred (94±40  ms) areas presented S- 
QRS intervals >50  ms; however, pace maps pre-
sented shorter S- QRS intervals at sites in the EZ 
of the LAZ (105±41 ms versus 56±27 ms, P<0.001) 
and voltage border zone (94±40 versus 40±24 ms, 
P<0.001).

Sites meeting these prespecified criteria of putative 
channels were identified by pacemapping in 55 of 63 
VTs and by entrainment in 22 of 63 VTs. Accordingly, 
endocardial and epicardial critical isthmuses were pre-
sumed in 19 (30%) and 36 (57%) of the sustained VTs, 
respectively.Ta
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Catheter Ablation and Immediate Results
Endocardial and epicardial catheter ablation was per-
formed aiming for complete LP elimination in all patients 
(Table 7). The procedure and fluoroscopic times were 
332±68 and 83±37 minutes, respectively. Thirteen of 
22 mappable VTs terminated in 12/17 patients during 
RF application guided by entrainment, and ablation was 
continued with complete elimination of LPs in 15 of 17 
patients (88.2%). A mean of 16±10 and 29±15 RF appli-
cations were necessary to eliminate all late LPs in the 
endocardium and epicardium (P=0.04), respectively. 
The total RF time was 31±15 minutes (13±8 minutes for 
endocardial and 22±10 minutes for epicardial ablation; 
P=0.03). Epicardial ablation was not performed in one 
patient (patient 17) because the LPs recorded initially 
in the epicardial mapping disappeared after success-
ful endocardial ablation. Additionally, catheter ablation 
was performed only in the endocardium (patient 12) or 
epicardium (patients 5 and 7) due to the single surface 
location of LAZ in 3 patients.

Ablation failure occurred in 2 (11.8%) patients. In one 
patient (patient 10), abolishment of LPs was only par-
tially achieved because phrenic nerve capture and the 
marginal branch of the circumflex artery were within 
1 cm of the epicardial LAZ, avoiding epicardial radiof-
requency energy delivery. The other patient (patient 2) 
had pericardial tamponade requiring interruption of the 
procedure and surgical repair due to laceration of the 
posterior interventricular vein.

Long- Term Follow- Up
A minimum of 24 months of follow- up was conducted 
for all surviving patients who underwent ablation 
(Figure 6 and Figure S2). Fourteen of 17 patients (82%) 
had no VT during a follow- up of 39±11 months (range 
24– 56.5). Fourteen of 15 patients with complete LP 
elimination were free of VT (free VT rate=93.3%). In 
this group, only one VT recurrence occurred in the 

23rd month of follow- up (patient 14); this patient pre-
sented a single and self- limited episode of slow VT 
(126 bpm) without ICD therapy. A low dose of ami-
odarone (200 mg/day) was restarted, and no further 
VT episodes were recorded by ICD. Unsuccessful 
patients (patients 2 and 10) had new VT episodes 
requiring appropriate ICD therapy (antitachycardia 
pacing). Table  7 summarizes the results of clinical 
follow- up.
Amiodarone was reduced in 10 patients and discon-
tinued in 7 patients during follow- up (Figure S1). After 
12 months, the amiodarone dosage was reduced from 
494±175 to 159±128  mg/day (P<0.001). One patient 
restarted amiodarone because of inappropriate ICD 
therapy due to atrial fibrillation (patient 12), and another 
restarted amiodarone because of VT recurrence (pa-
tient 14).

Two patients died from noncardiac causes 
24 months after the procedure (Figure S3). Both pa-
tients (8 and 11) presented clinical impairment due to 
sepsis in the 36th and 25th months of follow- up but 
without VT recurrence. For all patients, LVEF mea-
sured by TTE at the 24- month follow- up was not sig-
nificantly different from the baseline measure (38±7% 
versus 37±7%; P=0.67).

Abolition of LPs was achieved in 15/17 patients, 
and 2/15 (patients 14 and 16) kept inducible VT; these 
VTs had faster cycle lengths (250 and 280 ms) than 
those induced before substrate ablation. Only patient 
14 had VT during follow- up. Patients with partial LP 
elimination (patient 10) or unsuccessful ablation (pa-
tient 2) continued to present inducible VT. During fol-
low- up, the VT recurrence rate was 6.7% in patients 
with complete LP elimination (1/15 pts) and 100% (2/2 
pts) in those with absent or partial abolition. Complete 
LP elimination had a positive predictive value of 94%, 
negative predictive value of 100%, sensitivity of 100%, 
and specificity of 67% for VT recurrence during fol-
low- up (Table 8).

Table 5. Characteristics of Electrograms Recorded in the Sites of Reentrant Circuits Defined by Entrainment of Stable VT

Sites of 
reentry 
circuit

Entrained 
sites (n, 31)

VT Baseline rhythm

S- QRS (ms) Volt (mV) Volt (mV) Dur (ms) QRSend- LP (ms)

Type of electrogram

IDPs LFP FP NP

Isthmus 10 177±48 0.17±0.06 0.16±0.04 121±29 78±24 6 4 0 0

Exit 16 89±19 0.31±0.11 0.35±0.11 76±35 33±21 7 6 2 1

Outer loop 3 191±163 0.52±0.11 0.55±0.08 45.7±4 … 0 0 0 3

Inner L/ent 1 249 0.23 0.26 72 42 0 1 0 0

Bystander 1 160 0.11 0.16 104 62 1 0 0 0

Values are expressed as value absolute (n) or mean±SD. dur indicates duration of bipolar electrogram; FP, fragmented but not late potentials; IDPs, isolated 
diastolic potentials; Inner L/ent, inner loop or entrance; LFPs, late fragmented potentials; NP, low- voltage electrogram, with short duration (<50 ms); QRSend- LP, 
interval between the end of QRS and LP; S- QRS, interval between stimulus artifact and earliest QRS complex of VT by entrainment; volt, bipolar voltage; and 
VT, ventricular tachycardia.
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DISCUSSION
Main Findings
To our knowledge, this is the first study reporting the 
importance of LPs recorded during sinus rhythm to the 
underlying substrate in patients with chronic Chagas 
cardiomyopathy and medically refractory ventricular 
tachycardia. The main result of this study was that 
complete abolition of LPs may constitute an effective 
end point with high acute success during VT ablation 
in chagasic patients and a low incidence of VT recur-
rence during long- term follow- up. Secondary findings 
obtained during endo- epicardial mapping revealed (1) 
the presence of confluent and transmural scars with 
a similar extension of myocardial scarring on both 
mapping surfaces; (2) epicardial scarred tissue was 
identified in all patients and was related to the majority 
of induced VTs (rate of 57%); (3) LPs were mainly en-
countered within these regions of myocardial scarring 
(<0.5  mV) and were identified by adjusting the latest 
activation of bipolar electrograms acquired by 3D map-
ping during baseline rhythm; (4) regions exhibiting LPs 
were important for the identification of slow conduc-
tion channels validated by entrainment and pacemap-
ping during multiple induced VTs; and (5) complete LP 

elimination presented excellent accuracy to predict VT 
recurrence during extended follow- up.

Importance of Epicardial Substrate in 
Patients With Chagas Heart Disease
The pathogenesis of CCC is not entirely understood. 
Chagas heart disease is characterized by chronic my-
ocarditis that promotes a unique arrhythmogenic sub-
strate.7 The main aspect of the disease is myocardial 
inflammation and the consequent necrotic and fibrotic 
lesions.4,5,20– 22 Microvascular damage or autonomic 
changes regulating tissue perfusion also contribute 
to impaired tissue blood flow with fibrotic scarring.7,21 
The inflammatory response also produces electrical 
decoupling between myocytes, damaging intercellular 
junctions and resulting in slow and discontinuous con-
duction.23 Thus, fibrotic damage to myocardial tissue 
coupled with electrical conduction abnormalities pro-
motes the substrate necessary for the development of 
reentrant circuits in chagasic patients.

The present study shows that arrhythmogenic sub-
strate in patients with CCC is commonly found in the 
subepicardial myocardium with a preferential location 
in the posterolateral basal segments of the left ventricle, 

Figure 6. Kaplan- Meier curve depicting freedom from recurrent ventricular tachycardia (VT) in chagasic patients submitted 
to substrate ablation with (red line) or without (blue line) elimination of late potentials (LP).
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as described by other authors.6,8,9 A confluent transmu-
ral extension of the scar compromising both the sub-
endocardium and subepicardium was predominantly 
met in our patients, confirming the scarring pattern de-
scribed in patients with CCC undergoing delayed en-
hancement cardiac resonance imaging.24– 26 Mello et 
al showed that an extensive area of transmural fibrosis 
occupying at least 2 coalescent segments of the LV 
was an important tool for identifying arrhythmogenic 
substrates of VT in patients with CCC.24

The confluent scarring tissue accounts for up to 
25% of the endocardial or epicardial surface; endo-
cardial scar areas were smaller than epicardial scar 
areas in the majority of our patients without reaching 
a significant difference. Previously, other authors re-
ported larger epicardial scars than endocardial scars 
in patients who underwent voltage bipolar mapping 
to characterize the chagasic substrate.8,9 Henz et al 
demonstrated that scars (<0.5 mV) found on the epi-
cardial surface (56.8±40.6  cm2) have a 2× greater 
extension than those found on the endocardium 
(22.5±15.8 cm2).8 Similarly, Soto- Becerra et al reported 
that the epicardial scar area (28 cm2, IQR 20– 36) has a 
greater distribution than that found in the endocardium 
(19 cm2, IQR 15– 26).9 In our analysis, the scar distribu-
tion corresponded to an area of 20 cm2 (IQR, 16– 42) 
in the endocardium and 23  cm2 (IQR, 18– 68) in the 
ventricular epicardium.

The difference in the findings may have been due 
to the low number of points used to construct the 
3- dimensional voltage map in the study published by 
Henz et al, in which a sample of 169±77 points/map 
was acquired in the endocardium and 201±94 in the 
epicardium.8 In this way, less dense voltage maps were 
generated in relation to those outlined in our study in 
which the LV endocardium was mapped by a sample 
of 331±148 points and the ventricular epicardium by 
393±141 points. In the study by Soto- Becerra et al, the 
surfaces of the LV were similarly mapped with a high 
density of points (EPI 452 points/map, 330– 560 and 
ENDO 284, 226– 442), which may explain the accor-
dance of scar areas with those found in our population.9

In ischemic and nonischemic cardiomyopathy, ab-
normal conduction tunnels inside the scar are recog-
nized by the presence of delayed electrical activity after 
the end of the QRS complex, called LPs.11– 13 These 
electrograms recorded in baseline rhythm have been 
correlated through electrophysiological mapping with 
critical points for scar- related VT.11– 13,27 In our study, 
the areas exhibiting the LPs, called LAZs, were found 
in all patients through the activation map by adjusting 
the color bar to include all abnormal ventricular activ-
ity recorded after the end of the QRS complex. Late 
activation mapping defined slow conduction channels 
of the arrhythmogenic substrate of our patients during 
baseline rhythm. Other authors have also reported that 
the activation map can locate areas exhibiting LPs and 
guide the substrate ablation of VT in patients with non- 
chagasic cardiomyopathies.12,28,29

The majority of LPs in our study were located within 
dense scars (amplitude 0.30±0.15  mV), accounting 
for up to 35% of the total myocardial scarring. These 
LAZs were predominantly confluent, but some pa-
tients uncommonly demonstrated nonconfluent areas 
of LPs on the same mapped surface, representing 
various abnormal regions within the same scar. The 
extension of confluent LAZs was higher in the epi-
cardium (13.4±9.5  cm2) than in the LV endocardium 
(8.1±5.8  cm2), suggesting that these activation data 
may be of considerable importance for the arrhythmo-
genic scar tissue present in the subepicardial chagasic 
substrate. Although delayed electrograms are not able 
to differentiate the central isthmus from adjacent by-
stander sites, they can delineate and reduce the area 
of interest for the approach of the substrate in patients 
with complex VT.

This study suggests that LP mapping could be 
used to identify specific regions of low voltage inside 
the diseased myocardium. In agreement with these 
findings, the importance of LPs has been demon-
strated in nonchagasic substrates.11,17,30 Arenal et al 
demonstrated that delayed electrograms extended by 
an area of 3.5±2.6 cm2 in the postinfarction endocar-
dial scar.11 These areas were visualized mainly within 
the dense scar (<0.50 mV) and presented a bipolar 
amplitude of 0.26±0.11  mV. Similarly, Zeppenfeld et 
al found regions of low amplitude and abnormal ac-
tivation (duration >40 ms) forming a 3.1±1.5 cm2 area 
of endocardial scarring in patients with ischemic car-
diomyopathy that represented a site of interest of VT 
ablation.17 In nonischemic cardiomyopathy, Cano et al 
mapped the presence of 50% abnormally activated 
electrograms (>80 ms, 2 distinct components or iso-
lated LP) in the low- voltage regions on the ventricu-
lar epicardium, with a prevalence of epicardial LPs of 
25%.30

In this study, LPs were found in all patients with 
CCC and sustained VT, and their occurrence was 

Table 8. LP Elimination and VT Inducibility as End points 
of Catheter Ablation

Postablation end 
point

Pts with complete LP elimination

Yes No Total

Pts with VT inducibility

Yes 2 2 4

No 11 0 11

Total 13 2 15

Value are expressed as absolute values. LPs indicates late potentials; Pts, 
patients; and VT, ventricular tachycardia.

*Postablation programmed ventricular stimulation not performed in 2 
patients (excluded by accuracy analysis).



J Am Heart Assoc. 2022;11:e021889. DOI: 10.1161/JAHA.121.021889 17

de Oliveira Dietrich et al Channel Mapping and Ablation of Chagas VT

reported and compared with all mapped electrograms, 
with a prevalence of 54% of the low- amplitude signals 
(<1.50  mV) and 48% in the areas of dense scarring 
(<0.50 mV), without differences between the mapped 
surfaces. Furthermore, the signals recorded inside 
the CZ of LAZs and dense scarring presented lower 
amplitude, longer duration, more marked fragmenta-
tion and more pronounced latency between the end 
of QRS and LP (QRSend- PT interval) than those elec-
trograms recorded on the border zone but outside of 
the LAZ. These data are in agreement with the find-
ings of Zeppenfeld et al in patients postinfarction17 and 
Henz et al in chagasic patients, where the duration of 
electrograms (>46 ms) could be used to better char-
acterize the low- voltage areas mapped in the ventricu-
lar epicardium.8 All these abnormal activities recorded 
during baseline rhythm can be found inside the myo-
cardial scar of the chagasic substrate of sustained VT.

Late Potentials and Conduction Channels
Late potentials are a marker of slow conduction and 
can be used to identify the isthmus of the reentry cir-
cuit of VT.31 In our study, LPs that mapped within the 
confluent low- voltage areas were related to critical 
components of reentrant sustained VT. Entrainment 
techniques identified the isthmus of mappable VT in-
side the dense scar and the core zone of the LAZ; exit 
sites were mapped predominantly in the entrance of 
the LAZ at the edge of the border zone. The preva-
lence of LPs was 100% in the central isthmus and 80% 
in exit sites. Interestingly, the latency of these delayed 
electrograms (such as duration, fragmentation, and 
QRSend- LP interval) was more pronounced in the sites 
defined as central isthmus than as the exit of stable VTs. 
These findings demonstrate that abnormal conduction 
channels of chagasic VT were associated with a high 
prevalence of LPs and that the critical points for reentry 
can be located within the dense scar, where electrical 
conduction abnormalities are more pronounced.

The definition of the central isthmus by entrainment 
has been described within postinfarction myocardial 
scarring.32,33 Soejima et al and Hsia et al showed that 
these sites located in the critical pathway for sus-
tained reentry had bipolar amplitudes of 0.32±0.16 
and 0.33±0.15  mV recorded in the baseline rhythm, 
respectively.32,33 These authors observed that in sinus 
rhythm, the amplitudes of exit signals were higher 
than those recorded into the central isthmus.32,33 
In contrast, the electrograms recorded during the 
non- VT rhythm of our chagasic patients showed am-
plitudes of 0.16±0.04 mV in the central isthmus and 
0.35±0.11 mV in the exit sites defined by entrainment 
during VT. The lower voltage findings in our patients 
may be explained by the intensity and heterogeneity 
of these substrates, with slower and deeper channels 

located within the chagasic myocardium than in post-
infarction tissue.

LPs have been described as components of the re-
entry circuit in patients with ischemic and nonischemic 
cardiomyopathy.10,27 Bogun et al and Hsia et al ob-
served that all sites of the central isthmus were located 
inside the dense scar (<0.50 mV), with a high preva-
lence of late potentials (>90%)10,27 and that exit sites 
were found predominantly outside of the dense scar, 
with a signal amplitude between 0.50 and 1.50  mV 
and lower prevalence of LP (20%).10 They also reported 
that the interval from the QRS to the isolated diastolic 
potential recorded in sinus rhythm was longer in the 
central isthmus than in the exit sites, emphasizing that 
LPs may be markers of putative channels of the reentry 
circuit.10,27

Additionally, abnormal conduction channels defined 
by pace mapping were able to indicate critical com-
ponents in chagasic patients with unstable VT. Pace 
mapping from sites with LPs within the LAZ has a lon-
ger stimulus QRS interval and good or perfect match-
ing with VT morphology. Similarly, Bogun et al showed 
that 65% of the pace mapping performed at sites dis-
playing isolated potentials was associated with well-  or 
perfectly matched VT compared to only 5% of sites 
without late electrograms.27 Additionally, Brunckhorst 
et al reported that paced sites with an S- QRS inter-
val ≥40 ms were found within the postinfarction scar 
and located in 79% of sites near the isthmus of the VT, 
which is considered a target of catheter ablation.34 In 
contrast to findings in chagasic patients, these authors 
also reported that a paced site showing good or per-
fect matching with VT morphology did not improve the 
ability to locate the target of ablation since only 54% 
of these sites were near the isthmus of the reentrant 
circuit.34

Sites meeting prespecified criteria of putative chan-
nels were identified by pacemapping or entrainment in 
55 of 63 induced VTs, with a predominantly epicardial 
channel in 57% of the sustained VTs. All conduction 
channels discovered by pacemapping were located in-
side of the LP areas, with more prolonged propagation 
of electrical impulses in the CZ than in the EZ of the 
LAZ. Importantly, this finding allows us to verify that the 
channels responsible for sustained reentry present exit 
at the edge of the scar border and the central isthmus 
inside the scar, where the highest prevalence of LPs is 
found. In agreement with this chagasic study, Nayyar 
et al performed pace mapping at multiple sites of the 
postinfarcted substrate to locate abnormal conduction 
channels and characterize those capable of perpetu-
ating the VT reentry circuit.35 Fifty- seven channels able 
to sustain VT were found, with 97% inside of a dense 
scar (0.10– 0.50 mV) extending to the border zone in 
48%.35 Furthermore, the S- QRS interval (73 ms) within 
these low- voltage channels resembled those verified in 
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this chagasic study (75 ms), which also supports the 
arrangement and preferential conduction of channels 
in the chagasic substrate.

Chagasic substrate mapping during baseline 
rhythm was able to find confluent and individualized 
areas of LPs within the dense scar, allowing accu-
rate clarification of the complex circuit of multiple VTs. 
These findings demonstrate the importance of a com-
plete representation of the low voltage and abnormal 
activation regions to characterize the arrhythmogenic 
substrate of chagasic patients and to use an effective 
approach. As other authors have described, a high 
prevalence of the epicardial substrate justifies the con-
comitant endo- epicardial mapping.8,9 Furthermore, the 
abnormal activation of electrograms recorded during 
baseline rhythm within low- voltage epicardial regions 
minimizes the influence of epicardial adipose tissue, 
which can reduce the signal amplitude without inter-
fering with the duration.

Catheter Ablation and Outcomes
In this study, substrate- based ablation was performed for 
all chagasic patients targeting the complete elimination 
of LPs. Using this approach, we achieved excellent VT- 
free survival at least comparable to that reported in other 
studies in which similar substrate modifications were 
used in patients with ischemic or nonischemic cardiom
yopathies.11– 13,36,37 Importantly, there was also an over-
all reduction in amiodarone doses without prejudice to 
the control of arrhythmic events, allowing us to minimize 
the adverse effects of the chronic use of the medication. 
These findings were reported by other authors, demon-
strating a significant reduction in the need for amiodar-
one in the postablation substrate period to control VT in 
patients with chronic ischemic cardiomyopathy.38

The recurrence of VTs was continuously monitored 
with an ICD during an extended follow- up period. This 
reveals a significant long- lasting decrease in VT after 
substrate ablation in patients who had experienced 
frequent VT episodes. After acute procedural suc-
cess, 88% of patients remained completely free from 
VT during at least 24 months of follow- up (39 months). 
In a single case of recurrence in this success group, 
VT was significantly slower and self- limited without ICD 
therapy.

There are a few publications focusing on electro-
anatomical substrate mapping and ablation in pa-
tients with CCC and VT.8,9 Henz et al reported a low 
recurrence of VT (6 of 17 patients) but during a short 
follow- up period (<1  year).8 By simultaneous endo- 
epicardial mapping, linear lesions guided by pace 
mapping or fractionated potential were used in 14 of 18 
procedures differently from our study in that the suc-
cess of substrate ablation was guided purely by a de-
layed electrogram approach.8 In another publication, 
Soto- Becerra et al (69) also reported low recurrence 

(16%) in 19 chagasic patients who underwent endo- 
epicardial ablation with a different approach (as guided 
by activation and entrainment mapping or abnormal 
delayed electrograms during sinus rhythm) and were 
followed for 13 months.9

Highly effective ablation can be achieved by the 
abolition of multiple VT channels present in the com-
plex substrate. In this study, we reached a rate of 3.6 
induced VTs, which represents approximately double 
the rate found in the studies of Soto- Becerra et al (1.8 
VTs/patient) and Henz et al (1.6 VTs/patient).8,9 This 
finding can justify the excellent result of LP ablation, 
with efficacy demonstrated both during the procedure 
and clinical follow- up.

After LP abolishment, high- energy pacing inside 
the target region was performed to assure electrically 
unexcitable scarring and to minimize the influence of 
the far- field signal on substrate ablation. In agreement 
with this aspect, Baldinger et al reported postablation 
stimulation as a lesion creation indicator through ab-
olition of local capture or prolongation of the S- QRS 
interval to >72%.39 Refinement of the recognition of the 
residual substrate after ablation by response to local 
stimulation allows limiting the unnecessary extension 
of the ablation and subsequently increasing the time of 
the procedure.

Prior studies also showed that LPs can be used 
as targets of catheter ablation for VT in patients with 
nonchagasic cardiomyopathy.11– 13,36,37 In the study by 
Arenal et al, successful LP ablation was achieved in 
19/24 patients (79.2%), with no VT recurrence during 
9 months of follow- up.11 Vergara et al described that 
complete LP abolition could be achieved in 84% of 
patients, with only 9.5% of this successful group pre-
senting arrhythmia recurrence during follow- up.12 In 
another study, Jaïs et al reported that patients with a 
complete absence of local abnormal ventricular activ-
ity (termed LAVA) at the end of the procedure had an 
arrhythmia- free survival rate (68%) higher than patients 
who did not reach this goal of catheter ablation (20%).13 
Other authors have also shown that the ablation of ab-
normal ventricular activity into the myocardial scarring 
by the technique of scar dechanneling or core isolation 
was associated with low recurrence rate (16.4% and 
14%, respectively) for long- term clinical follow- up (21 
and 17.5 months, respectively).36,37

The limitations of epicardial ablation precluded the 
complete elimination of LPs in 2 patients: (1) coronary 
vessels and the phrenic nerve near the target region 
of ablation and (2) vascular damage during pericardial 
access. Baldinger et al reported the reasons for the 
failure of epicardial ablation.40 The main limitations of 
epicardial ablation include failure to identify a target for 
catheter ablation and proximity to coronary vessels or 
the phrenic nerve.40 Furthermore, acute complications 
related to epicardial access occurred in 9% of cases, 
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with the most frequent being bleeding into the pericar-
dial space.40

Interestingly, in this study, LPs recorded initially in 
the epicardial mapping disappeared after successful 
endocardial ablation in one patient, suggesting trans-
mural connections or deeper radiofrequency lesions. 
Prior studies also reported this finding in patients who 
underwent catheter ablation for VT.13,41 Komatsu et al re-
ported the feasibility of an approach for the modification 
of subepicardial substrate by endocardial ablation, with 
this aspect being achieved more frequently in ischemic 
heart disease (28%) and right ventricular arrhythmo-
genic dysplasia (40%) than in nonischemic cardiomyop-
athy (8%).41 The progression from the subendocardium 
to the epicardium in post- myocardial infarction and the 
lower thickness of the right ventricular myocardial wall 
in patients with arrhythmogenic right ventricular dyspla-
sia (ARVD) were possible explanations for the results.41 
In contrast, arrhythmic substrates in nonischemic car-
diomyopathy are located predominantly intramurally or 
subepicardially with minimal subendocardial scarring.30 
The possibility of interconnection between the endo- 
epicardial substrate can be explained by the unique 
aspect of scar formation that progresses predominantly 
from the subepicardium to the subendocardium in peri-
valvar segments of the LV of chagasic patients.

The study described the predictive value of complete 
LP elimination for assessing the results of VT ablation 
in chagasic patients. In this aspect, excellent accuracy 
in predicting an arrhythmia- free survival rate was found 
by endo- epicardial abolition of delayed activity of the 
LAZ. In agreement with these findings, prior reports 
showed the value of abnormal activity abolished by 
catheter ablation as an independent predictor of VT- free 
survival rate.12,13 Other authors reported that ventricular 
programmed stimulation performed instantly or short- 
term postablation can be a relevant tool to assess the 
arrhythmia- free survival rate during clinical follow- up.42,43

The extended period of follow- up (39±11  months) 
showed an excellent reduction in VT burden and ICD 
discharges. The majority of the patients presented a 
good clinical prognosis, without clinical impairment of 
ventricular function. Two patients died from noncar-
diac causes. A prior report found frequent discharges 
of ICDs as an independent predictor of cardiovascular 
mortality in patients with CCC.44 The reduction in bur-
den ICD shocks has been related to the clinical im-
provement of patients with ischemic or nonischemic 
cardiomyopathy by decreasing cardiovascular mortal-
ity and hospitalization for heart failure.42,45,46

Study Limitations
The population of this study consisted of stringently 
selected patients who underwent VT catheter ablation 
but cannot represent all patients with CCC and VTs. 

However, the procedure indications represent a large 
proportion of patients referred for scar- related VT abla-
tion in the setting of structural heart disease.47

Although it was conducted prospectively, the posi-
tive outcome reached by the target of catheter ablation 
could be influenced by the observational study cou-
pled with potential bias in patient selection. The results 
demonstrate a promising ablation strategy and pro-
pose the need for clinical studies to assess whether 
the elimination of LPs definitively improves the clinical 
outcome in the chagasic population with sustained VT.

The potential difficulties of electrogram analysis with 
an 8 mm tip catheter were overcome by high- density 
mapping and complete filling of electrical signals in 
the substrate region. Importantly, the large tip cathe-
ter ensured deeper effective RF lesions to achieve the 
main end point in the study. An open- irrigated abla-
tion catheter was instituted only in the last patient in-
cluded in the study, making it impossible to compare 
the characteristics of the electrograms and parame-
ters of RF energy delivery. Furthermore, substrate 
modification by catheter ablation could be related to 
more destruction of myocardial tissue than necessary 
to achieve clinical success, but this finding was mini-
mized by adequate characterization and elimination of 
low- amplitude delayed electrograms of the chagasic 
substrate. Additionally, we used a <1.50  mV cutoff 
to characterize the low- voltage tissue during endo- 
epicardial mapping. Although this value may overesti-
mate the low- voltage region, we defined an amplitude 
of <0.50 mV signal coupled with abnormal activity as 
the target of catheter ablation. Additionally, we demon-
strated that the presence of LPs within regions of 
myocardial scarring increases the likelihood of finding 
arrhythmogenic channels critical for maintaining VT. 
In comparison with the HD Grid or Pentaray catheters 
which are the current standard tools for high density 
mapping, the use of an 8 mm ablation catheter for the 
substrate mapping was a limitation of the study.

CONCLUSIONS
Ventricular tachycardia in patients with chronic Chagas 
cardiomyopathy can be effectively treated by late po-
tential ablation based on baseline rhythm electrogram 
mapping. Confluent regions exhibiting clusters of 
these low- voltage delayed electrograms were highly 
correlated with critical components of chagasic VT. 
Therefore, channels could be identified in all patients 
with chagasic VTs by adjusting the latest activation 
time of the bipolar late electrogram in the activation 
maps. Epicardial substrate involved in the VT circuit 
was commonly verified in chagasic patients, justify-
ing a combined endo- epicardial approach. The low 
incidence of arrhythmic recurrences during extended 
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follow- up reinforces the importance of the complete 
recognition and ablation of arrhythmogenic substrates 
in chagasic patients.

ARTICLE INFORMATION
Received June 16, 2021; accepted November 19, 2021.

Affiliation
Clinical Cardiac Electrophysiology, Cardiology Division, Department of 
Medicine, Hospital São Paulo, Escola Paulista de Medicina –  Universidade 
Federal of São Paulo, São Paulo, Brazil.

Sources of Funding
Dr Dietrich is the recipient of a research grant from the CAPES, a Brazilian 
government research institute.

Disclosures
None.

Supplemental Material
Figures S1– S3

REFERENCES
 1. Muñoz- Saravia SG, Haberland A, Wallukat G, Schimke I. Chronic 

Chagas’ heart disease: a disease on its way to becoming a worldwide 
health problem: epidemiology, etiopathology, treatment, pathogenesis 
and laboratory medicine. Heart Fail Rev. 2012;17:45– 64. doi: 10.1007/
s1074 1- 010- 9211- 5

 2. Rassi A, Rassi A, Marin- Neto JA. Chagas disease. Lancet. 
2010;375:1388– 1402. doi: 10.1016/S0140 - 6736(10)60061 - X

 3. Nunes MCP, Carmo AALD, Rocha MOC, Ribeiro AL. Mortality prediction 
in Chagas heart disease. Expert Rev Cardiovasc Ther. 2012;10:1173– 
1184. doi: 10.1586/erc.12.111

 4. Marin- Neto JA, Cunha- Neto E, Maciel BC, Simões MV. Pathogenesis 
of chronic Chagas heart disease. Circulation. 2007;115:1109– 1123. doi: 
10.1161/CIRCU LATIO NAHA.106.624296

 5. Higuchi ML, Benvenuti LA, Martins Reis M, Metzger M. Pathophysiology 
of the heart in Chagas’ disease: current status and new developments. 
Cardiovasc Res. 2003;60:96– 107. doi: 10.1016/S0008 - 6363(03)00361 
- 4

 6. Sarabanda AVL, Sosa E, Simões MV, Figueiredo GL, Pintya AO, Marin- 
Neto JA. Ventricular tachycardia in Chagas’ disease: a comparison 
of clinical, angiographic, electrophysiologic and myocardial perfu-
sion disturbances between patients presenting with either sustained 
or nonsustained forms. Int J Cardiol. 2005;102:9– 19. doi: 10.1016/j.
ijcard.2004.03.087

 7. Healy C, Viles- Gonzalez JF, Sáenz LC, Soto M, Ramírez JD, d’Avila 
A. Arrhythmias in chagasic cardiomyopathy. Card Electrophysiol Clin. 
2015;7:251– 268. doi: 10.1016/j.ccep.2015.03.016

 8. Henz BD, do Nascimento TA, Dietrich CDO, Dalegrave C, Hernandes 
V, Mesas CE, Leite LR, Cirenza C, Asirvatham SJ, de Paola AAV. 
Simultaneous epicardial and endocardial substrate mapping and ra-
diofrequency catheter ablation as first- line treatment for ventricular 
tachycardia and frequent ICD shocks in chronic chagasic cardiomyop-
athy. J Interv Card Electrophysiol. 2009;26:195– 205. doi: 10.1007/s1084 
0- 009- 9433- 4

 9. Soto- Becerra R, Bazan V, Bautista W, Malavassi F, Altamar J, Ramirez 
JD, Everth A, Callans DJ, Marchlinski FE, Rodríguez D, et al. Ventricular 
tachycardia in the setting of chagasic cardiomyopathy: use of voltage 
mapping to characterize endoepicardial nonischemic scar distribu-
tion. Circ Arrhythm Electrophysiol. 2017;10:e004950. doi: 10.1161/
CIRCEP.116.004950

 10. Hsia HH, Lin D, Sauer WH, Callans DJ, Marchlinski FE. Relationship of 
late potentials to the ventricular tachycardia circuit defined by entrain-
ment. J Interv Card Electrophysiol. 2009;26:21– 29. doi: 10.1007/s1084 
0- 009- 9421- 8

 11. Arenal A, Glez- Torrecilla E, Ortiz M, Villacastín J, Fdez- Portales J, Sousa 
E, del Castillo S, Perez de Isla L, Jimenez J, Almendral J. Ablation of 

electrograms with an isolated, delayed component as treatment of un-
mappable monomorphic ventricular tachycardias in patients with struc-
tural heart disease. J Am Coll Cardiol. 2003;41:81– 92. doi: 10.1016/
S0735 - 1097(02)02623 - 2

 12. Vergara P, Trevisi N, Ricco A, Petracca F, Baratto F, Cireddu M, Bisceglia 
C, Maccabelli G, Della BP. Late potentials abolition as an additional 
technique for reduction of arrhythmia recurrence in scar related ven-
tricular tachycardia ablation. J Cardiovasc Electrophysiol. 2012;23:621– 
627. doi: 10.1111/j.1540- 8167.2011.02246.x

 13. Jaïs P, Maury P, Khairy P, Sacher F, Nault I, Komatsu Y, Hocini M, Forclaz 
A, Jadidi AS, Weerasooryia R, et al. Elimination of local abnormal ven-
tricular activities: a new end point for substrate modification in patients 
with scar- related ventricular tachycardia. Circulation. 2012;125:2184– 
2196. doi: 10.1161/CIRCU LATIO NAHA.111.043216

 14. Sosa E, Scanavacca M, D’Avila A, Piccioni J, Sanchez O, Velarde JL, 
Silva M, Reolão B. Endocardial and epicardial ablation guided by non-
surgical transthoracic epicardial mapping to treat recurrent ventricu-
lar tachycardia. J Cardiovasc Electrophysiol. 1998;9:229– 239. doi: 
10.1111/j.1540- 8167.1998.tb009 07.x

 15. Sosa E, Scanavacca M, d’Avila A, Pilleggi F. A new technique to per-
form epicardial mapping in the electrophysiology laboratory. J Cardiovasc 
Electrophysiol. 1996;7:531– 536. doi: 10.1111/j.1540- 8167.1996.tb005 59.x

 16. Harada T, Stevenson WG, Kocovic DZ, Friedman PL. Catheter abla-
tion of ventricular tachycardia after myocardial infarction: relation of en-
docardial sinus rhythm late potentials to the reentry circuit. J Am Coll 
Cardiol. 1997;30:1015– 1023. doi: 10.1016/S0735 - 1097(97)00257 - X

 17. Zeppenfeld K, Kiès P, Wijffels MCEF, Bootsma M, van Erven L, Schalij 
MJ. Identification of successful catheter ablation sites in patients 
with ventricular tachycardia based on electrogram characteristics 
during sinus rhythm. Heart Rhythm. 2005;2:940– 950. doi: 10.1016/j.
hrthm.2005.06.029

 18. Stevenson WG, Khan H, Sager P, Saxon LA, Middlekauff HR, Natterson 
PD, Wiener I. Identification of reentry circuit sites during catheter map-
ping and radiofrequency ablation of ventricular tachycardia late after 
myocardial infarction. Circulation. 1993;88:1647– 1670. doi: 10.1161/01.
CIR.88.4.1647

 19. Stevenson WG, Sager PT, Natterson PD, Saxon LA, Middlekauff HR, 
Wiener I. Relation of pace mapping QRS configuration and conduction 
delay to ventricular tachycardia reentry circuits in human infarct scars. J Am 
Coll Cardiol. 1995;26:481– 488. doi: 10.1016/0735- 1097(95)80026 - D

 20. Benvenuti LA, Roggério A, Freitas HFG, Mansur AJ, Fiorelli A, Higuchi 
ML. Chronic American trypanosomiasis: parasite persistence in en-
domyocardial biopsies is associated with high- grade myocarditis. 
Ann Trop Med Parasitol. 2008;102:481– 487. doi: 10.1179/13648 5908X 
311740

 21. Higuchi ML, Fukasawa S, De Brito T, Parzianello LC, Bellotti G, Ramires 
JA. Different microcirculatory and interstitial matrix patterns in idiopathic 
dilated cardiomyopathy and Chagas’ disease: a three dimensional 
confocal microscopy study. Heart. 1999;82:279– 285. doi: 10.1136/
hrt.82.3.279

 22. Milei J, Pesce R, Valero E, Muratore C, Beigelman R, Ferrans VJ. 
Electrophysiologic- structural correlations in chagasic aneurysms 
causing malignant arrhythmias. Int J Cardiol. 1991;32:65– 73. doi: 
10.1016/0167- 5273(91)90045 - Q

 23. de Carvalho AC, Tanowitz HB, Wittner M, Dermietzel R, Roy C, Hertzberg 
EL, Spray DC. Gap junction distribution is altered between cardiac myo-
cytes infected with Trypanosoma cruzi. Circ Res. 1992;70:733– 742. doi: 
10.1161/01.RES.70.4.733

 24. de Mello RP, Szarf G, Schvartzman PR, Nakano EM, Espinosa MM, 
Szejnfeld D, Fernandes V, Lima JAC, Cirenza C, De Paola AAV. Delayed 
enhancement cardiac magnetic resonance imaging can identify the risk 
for ventricular tachycardia in chronic Chagas’ heart disease. Arq Bras 
Cardiol. 2012;98:421– 430. doi: 10.1590/s0066 - 782x2 01200 5000031

 25. Lee- Felker SA, Thomas M, Felker ER, Traina M, Salih M, Hernandez S, 
Bradfield J, Lee M, Meymandi S. Value of cardiac MRI for evaluation of 
chronic Chagas disease cardiomyopathy. Clin Radiol. 2016;71:618.e1– 7. 
doi: 10.1016/j.crad.2016.02.015

 26. Rochitte CE, Oliveira PF, Andrade JM, Ianni BM, Parga JR, Ávila LF, 
Kalil- Filho R, Mady C, Meneghetti JC, Lima JAC, et al. Myocardial de-
layed enhancement by magnetic resonance imaging in patients with 
Chagas’ disease: a marker of disease severity. J Am Coll Cardiol. 
2005;46:1553– 1558. doi: 10.1016/j.jacc.2005.06.067

 27. Bogun F, Good E, Reich S, Elmouchi D, Igic P, Lemola K, Tschopp D, 
Jongnarangsin K, Oral H, Chugh A, et al. Isolated potentials during sinus 

https://doi.org/10.1007/s10741-010-9211-5
https://doi.org/10.1007/s10741-010-9211-5
https://doi.org/10.1016/S0140-6736(10)60061-X
https://doi.org/10.1586/erc.12.111
https://doi.org/10.1161/CIRCULATIONAHA.106.624296
https://doi.org/10.1016/S0008-6363(03)00361-4
https://doi.org/10.1016/S0008-6363(03)00361-4
https://doi.org/10.1016/j.ijcard.2004.03.087
https://doi.org/10.1016/j.ijcard.2004.03.087
https://doi.org/10.1016/j.ccep.2015.03.016
https://doi.org/10.1007/s10840-009-9433-4
https://doi.org/10.1007/s10840-009-9433-4
https://doi.org/10.1161/CIRCEP.116.004950
https://doi.org/10.1161/CIRCEP.116.004950
https://doi.org/10.1007/s10840-009-9421-8
https://doi.org/10.1007/s10840-009-9421-8
https://doi.org/10.1016/S0735-1097(02)02623-2
https://doi.org/10.1016/S0735-1097(02)02623-2
https://doi.org/10.1111/j.1540-8167.2011.02246.x
https://doi.org/10.1161/CIRCULATIONAHA.111.043216
https://doi.org/10.1111/j.1540-8167.1998.tb00907.x
https://doi.org/10.1111/j.1540-8167.1996.tb00559.x
https://doi.org/10.1016/S0735-1097(97)00257-X
https://doi.org/10.1016/j.hrthm.2005.06.029
https://doi.org/10.1016/j.hrthm.2005.06.029
https://doi.org/10.1161/01.CIR.88.4.1647
https://doi.org/10.1161/01.CIR.88.4.1647
https://doi.org/10.1016/0735-1097(95)80026-D
https://doi.org/10.1179/136485908X311740
https://doi.org/10.1179/136485908X311740
https://doi.org/10.1136/hrt.82.3.279
https://doi.org/10.1136/hrt.82.3.279
https://doi.org/10.1016/0167-5273(91)90045-Q
https://doi.org/10.1161/01.RES.70.4.733
https://doi.org/10.1590/s0066-782x2012005000031
https://doi.org/10.1016/j.crad.2016.02.015
https://doi.org/10.1016/j.jacc.2005.06.067


J Am Heart Assoc. 2022;11:e021889. DOI: 10.1161/JAHA.121.021889 21

de Oliveira Dietrich et al Channel Mapping and Ablation of Chagas VT

rhythm and pace- mapping within scars as guides for ablation of post- 
infarction ventricular tachycardia. J Am Coll Cardiol. 2006;47:2013– 
2019. doi: 10.1016/j.jacc.2005.12.062

 28. Tsiachris D, Silberbauer J, Maccabelli G, Oloriz T, Baratto F, Mizuno H, 
Bisceglia C, Vergara P, Marzi A, Sora N, et al. Electroanatomical voltage 
and morphology characteristics in postinfarction patients undergoing 
ventricular tachycardia ablation: pragmatic approach favoring late po-
tentials abolition. Circ Arrhythm Electrophysiol. 2015;8:863– 873. doi: 
10.1161/CIRCEP.114.002551

 29. Irie T, Yu R, Bradfield JS, Vaseghi M, Buch EF, Ajijola O, Macias C, 
Fujimura O, Mandapati R, Boyle NG, et al. Relationship between sinus 
rhythm late activation zones and critical sites for scar- related ven-
tricular tachycardia: systematic analysis of isochronal late activation 
mapping. Circ Arrhythm Electrophysiol. 2015;8:390– 399. doi: 10.1161/
CIRCEP.114.002637

 30. Cano O, Hutchinson M, Lin D, Garcia F, Zado E, Bala R, Riley M, Cooper 
J, Dixit S, Gerstenfeld E, et al. Electroanatomic substrate and ablation 
outcome for suspected epicardial ventricular tachycardia in left ven-
tricular nonischemic cardiomyopathy. J Am Coll Cardiol. 2009;54:799– 
808. doi: 10.1016/j.jacc.2009.05.032

 31. de Bakker JMT, Wittkampf FHM. The pathophysiologic basis of fraction-
ated and complex electrograms and the impact of recording techniques 
on their detection and interpretation. Circ Arrhythm Electrophysiol. 
2010;3:204– 213. doi: 10.1161/CIRCEP.109.904763

 32. Hsia HH, Lin D, Sauer WH, Callans DJ, Marchlinski FE. Anatomic 
characterization of endocardial substrate for hemodynamically sta-
ble reentrant ventricular tachycardia: identification of endocardial 
conducting channels. Heart Rhythm. 2006;3:503– 512. doi: 10.1016/j.
hrthm.2006.01.015

 33. Soejima K, Stevenson WG, Maisel WH, Sapp JL, Epstein LM. Electrically 
unexcitable scar mapping based on pacing threshold for identification 
of the reentry circuit isthmus: feasibility for guiding ventricular tachy-
cardia ablation. Circulation. 2002;106:1678– 1683. doi: 10.1161/01.
CIR.00000 30187.39852.A7

 34. Brunckhorst CB, Stevenson WG, Soejima K, Maisel WH, Delacretaz E, 
Friedman PL, Ben- Haim SA. Relationship of slow conduction detected 
by pace- mapping to ventricular tachycardia re- entry circuit sites after 
infarction. J Am Coll Cardiol. 2003;41:802– 809. doi: 10.1016/S0735 
- 1097(02)02932 - 7

 35. Nayyar S, Wilson L, Ganesan AN, Sullivan T, Kuklik P, Chapman D, Brooks 
AG, Mahajan R, Baumert M, Young GD, et al. High- density mapping 
of ventricular scar: a comparison of ventricular tachycardia (VT) sup-
porting channels with channels that do not support VT. Circ Arrhythm 
Electrophysiol. 2014;7:90– 98. doi: 10.1161/CIRCEP.113.000882

 36. Berruezo A, Fernández- Armenta J, Andreu D, Penela D, Herczku C, 
Evertz R, Cipolletta L, Acosta J, Borràs R, Arbelo E, et al. Scar de-
channeling: new method for scar- related left ventricular tachycardia 
substrate ablation. Circ Arrhythm Electrophysiol. 2015;8:326– 336. doi: 
10.1161/CIRCEP.114.002386

 37. Tzou WS, Frankel DS, Hegeman T, Supple GE, Garcia FC, Santangeli 
P, Katz DF, Sauer WH, Marchlinski FE. Core isolation of critical arrhyth-
mia elements for treatment of multiple scar- based ventricular tachy-
cardias. Circ Arrhythm Electrophysiol. 2015;8:353– 361. doi: 10.1161/
CIRCEP.114.002310

 38. Marchlinski FE, Haffajee CI, Beshai JF, Dickfeld T- ML, Gonzalez MD, 
Hsia HH, Schuger CD, Beckman KJ, Bogun FM, Pollak SJ, et al. 

Long- term success of irrigated radiofrequency catheter ablation of sus-
tained ventricular tachycardia: post- approval THERMOCOOL VT trial. J 
Am Coll Cardiol. 2016;67:674– 683. doi: 10.1016/j.jacc.2015.11.041

 39. Baldinger SH, Nagashima K, Kumar S, Barbhaiya CR, Choi E- 
K, Epstein LM, Michaud GF, John R, Tedrow UB, Stevenson WG. 
Electrogram analysis and pacing are complimentary for recognition of 
abnormal conduction and far- field potentials during substrate mapping 
of infarct- related ventricular tachycardia. Circ Arrhythm Electrophysiol. 
2015;8:874– 881. doi: 10.1161/CIRCEP.114.002714

 40. Baldinger SH, Kumar S, Barbhaiya CR, Mahida S, Epstein LM, Michaud 
GF, John R, Tedrow UB, Stevenson WG. Epicardial radiofrequency 
ablation failure during ablation procedures for ventricular arrhythmias: 
reasons and implications for outcomes. Circ Arrhythm Electrophysiol. 
2015;8:1422– 1432. doi: 10.1161/CIRCEP.115.003202

 41. Komatsu Y, Daly M, Sacher F, Cochet H, Denis A, Derval N, Jesel L, 
Zellerhoff S, Lim HS, Jadidi A, et al. Endocardial ablation to eliminate 
epicardial arrhythmia substrate in scar- related ventricular tachycardia. J 
Am Coll Cardiol. 2014;63:1416– 1426. doi: 10.1016/j.jacc.2013.10.087

 42. Dinov B, Arya A, Schratter A, Schirripa V, Fiedler L, Sommer P, Bollmann 
A, Rolf S, Piorkowski C, Hindricks G. Catheter ablation of ventricular 
tachycardia and mortality in patients with nonischemic dilated cardio-
myopathy: can noninducibility after ablation be a predictor for reduced 
mortality? Circ Arrhythm Electrophysiol. 2015;8:598– 605. doi: 10.1161/
CIRCEP.114.002295

 43. Pauriah M, Cismaru G, Magnin- Poull I, Andronache M, Sellal J- M, 
Schwartz J, Brembilla- Perrot B, Sadoul N, Aliot E, de Chillou C. A step-
wise approach to the management of postinfarct ventricular tachycardia 
using catheter ablation as the first- line treatment: a single- center ex-
perience. Circ Arrhythm Electrophysiol. 2013;6:351– 356. doi: 10.1161/
CIRCEP.113.000261

 44. Cardinalli- Neto A, Bestetti RB, Cordeiro JA, Rodrigues VC. 
Predictors of all- cause mortality for patients with chronic Chagas’ 
heart disease receiving implantable cardioverter defibrillator 
therapy. J Cardiovasc Electrophysiol. 2007;18:1236– 1240. doi: 
10.1111/j.1540- 8167.2007.00954.x

 45. Kuck K- H, Schaumann A, Eckardt L, Willems S, Ventura R, Delacrétaz 
E, Pitschner H- F, Kautzner J, Schumacher B, Hansen PS; VTACH Study 
Group. Catheter ablation of stable ventricular tachycardia before de-
fibrillator implantation in patients with coronary heart disease (VTACH): 
a multicentre randomised controlled trial. Lancet. 2010;375:31– 40. doi: 
10.1016/S0140 - 6736(09)61755 - 4

 46. Santangeli P, Muser D, Maeda S, Filtz A, Zado ES, Frankel DS, Dixit S, 
Epstein AE, Callans DJ, Marchlinski FE. Comparative effectiveness of 
antiarrhythmic drugs and catheter ablation for the prevention of recur-
rent ventricular tachycardia in patients with implantable cardioverter- 
defibrillators: a systematic review and meta- analysis of randomized 
controlled trials. Heart Rhythm. 2016;13:1552– 1559. doi: 10.1016/j.
hrthm.2016.03.004

 47. Al- Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ, 
Curtis AB, Deal BJ, Dickfeld T, Field ME, Fonarow GC, et al. 2017 
AHA/ACC/HRS guideline for management of patients with ventricular 
arrhythmias and the prevention of sudden cardiac death: a report of 
the American College of Cardiology/American Heart Association Task 
Force on Clinical Practice Guidelines and the Heart Rhythm Society. 
Circulation. 2018;138:e272– e391. doi: 10.1161/CIR.00000 00000 
000549

https://doi.org/10.1016/j.jacc.2005.12.062
https://doi.org/10.1161/CIRCEP.114.002551
https://doi.org/10.1161/CIRCEP.114.002637
https://doi.org/10.1161/CIRCEP.114.002637
https://doi.org/10.1016/j.jacc.2009.05.032
https://doi.org/10.1161/CIRCEP.109.904763
https://doi.org/10.1016/j.hrthm.2006.01.015
https://doi.org/10.1016/j.hrthm.2006.01.015
https://doi.org/10.1161/01.CIR.0000030187.39852.A7
https://doi.org/10.1161/01.CIR.0000030187.39852.A7
https://doi.org/10.1016/S0735-1097(02)02932-7
https://doi.org/10.1016/S0735-1097(02)02932-7
https://doi.org/10.1161/CIRCEP.113.000882
https://doi.org/10.1161/CIRCEP.114.002386
https://doi.org/10.1161/CIRCEP.114.002310
https://doi.org/10.1161/CIRCEP.114.002310
https://doi.org/10.1016/j.jacc.2015.11.041
https://doi.org/10.1161/CIRCEP.114.002714
https://doi.org/10.1161/CIRCEP.115.003202
https://doi.org/10.1016/j.jacc.2013.10.087
https://doi.org/10.1161/CIRCEP.114.002295
https://doi.org/10.1161/CIRCEP.114.002295
https://doi.org/10.1161/CIRCEP.113.000261
https://doi.org/10.1161/CIRCEP.113.000261
https://doi.org/10.1111/j.1540-8167.2007.00954.x
https://doi.org/10.1016/S0140-6736(09)61755-4
https://doi.org/10.1016/j.hrthm.2016.03.004
https://doi.org/10.1016/j.hrthm.2016.03.004
https://doi.org/10.1161/CIR.0000000000000549
https://doi.org/10.1161/CIR.0000000000000549


 

 

 

 

 

SUPPLEMENTAL MATERIAL 
 

 



Figure S1. Protocol after the success ablation regarding decreasing or withdrawal 

of amiodarone. 

 

 

 
 

 

After hospital discharge, the patients received amiodarone (400-800mg/day), which was 

reduced to 200-400mg/day (ie, reduced 50%) during the 1st month after ablation. After 

4th month, amiodarone was again reduced to 200mg/day or completely withdrawal, 

depending of baseline left ventricle ejection fraction (LVEF) or past history of atrial 

fibrillation (AFib). In patients with a LVEF below 35% or AFib, amiodarone was 

maintained in the dose of 200mg/day. Otherwise, amiodarone was withdrawal in patients 

with LVEF above 35% or without AFib. After success ablation, three patients had to 

restart or increase amiodarone (dashed arrows): one because ventricular tachycardia (VT) 

recurred (patient 14); other patient due to AFib triggering an inappropriate ICD therapy 

(patient 12); and another patient (patient 11) had a high premature ventricular contraction 

(PVC) burden during the follow-up, which it was relieved with a higher dose 

(400mg/day). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S2. Kaplan-Meier curve demonstrating event-free survival rate of 82% over 

a mean follow-up of 3911 months in 17 patients who had presented for recurrent 

ventricular tachycardia and underwent substrate ablation (green line). 

 

 

 
 



Figure S3. Kaplan-Meier curve estimates of composite clinical endpoint (all-cause 

mortality, heart failure hospitalization or ventricular tachycardia episode) in 

chagasic patients who were treated with substrate ablation. 

 

 
 

During the follow-up, three patients presented VT; one patient was hospitalized due to 

heart failure; and 2 patients died. 


