Original Article

Characteristics and Identification of Sites of Chagasic
Ventricular Tachycardia by Endocardial Mapping

Maria Zildany P. Tavora, Niraj Mehta, Rose M. F. L. Silva, Fernando A. A. Gondim,
Vanderlei M. Hara, Angelo A. V. de Paola

Sao Paulo, SP - Brazil

Objective — 1o study electrophysiological characte-
ristics that enable the identification and ablation of sites
of chagasic tachycardia.

Methods — Thirty-one patients with chronic Chagas’
heart disease and sustained ventricular tachycardia
(SVT) underwent electrophysiological study to map and
ablate that arrhythmia. Fifteen patients had hemodinami-
cally stable SVT reproducible by programmed ventricular
stimulation, 9 men and 6 women with ages ranging from
37 to 67 years and ejection fraction varying from 0.17 to
0.64. Endocardial mapping was performed during SVT in
all patients. Radiofrequency (RF) current was applied to
sites of presystolic activity of at least 30 ms. Entrainment
was used to identify reentrant circuits. In both successful
and unsuccessful sites of RF current application, electro-
gram and entrainment were analyzed.

Results — Entrainment was obtained during all map-
ped SVT. In 70.5% of the sites we observed concealed
entrainment and ventricular tachycardia termination in the
first 15 seconds of RF current application. In the unsuc-
cessful sites, significantly earlier electrical activity was
seen than in the successful ones. Concealed entrainment
was significantly associated with ventricular tachycardia
termination. Bystander areas were not observed.

Conclusion — The reentrant mechanism was res-
ponsible for the genesis of all tachycardias. In 70.5% of the
studied sites, the endocardial participation of the slow
conducting zone of reentrant circuits was shown. Concea-
led entrainment was the main electrophysiological
parameter associated with successful RF current applica-
tion. There was no electrophysiological evidence of
bystander regions in the mapped circuits of SVT.
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Chagas' diseaseis one of the most important health
issuesin Latin America’. Inendemicregions, itisthemain
cause of sudden desath, affecting many young apparently
healthy, asymptomatic or oligosymptomatic individuals,
with preserved or littlecompromised ventricul ar function2*.

In patients with structural heart disease, despitethe
great technol ogical advances provided by electrophysio-
logical study, ventricular tachyarrhythmiasremain challen-
ging, bothintheir clinical manifestations, being many times
fatal inthefirst event, andintheir therapeuti c management,
being generally refractory to several drug schemes. The
lack of prospects, in the near future, of new moreeffective
antiarrhythmic agentshas stimul ated the scientific commu-
nity to use and improve new alternative nonpharmacol o-
gical techniques, such ascatheter ablation andimplantable
defibrillator.

Radiofrequency ablation (RF) isaminimally invasive
treatment. I n patientswith sustained ventricular tachycardia
(SVT) of ischemic etiology, encouraging success rates,
varying from42to 75% %2, have been achieved, leading to
increasing scientific interest inimproving thistechnique.
This procedure requires detail ed knowledge of the arrhy-
thmogenic substrate because the lesion produced by RF
energy islocalized and apreciseidentification of thesite of
origin of thetachycardiaisnecessary.

Electrophysiological definitions — Fractionated
electrogram—edectrical activity with multiplecomponents,
low amplitude, increased duration, and high frequency 3
amplitude—measurement (inmV) of thegreatest deflection
of theintracavitary el ectrogram (peak-to-peak) '3, duration—
measurement of e ectrogramextent (inms), fromthefirs tothe
last electrical activity varying from the stable baseline 3,
presystolic activity — electrical activity detected during
SVT, before any intracavitary ventricular electrogram or
QRS complex onset**; entrainment —techniqueconsisting
of stimulustrains during SVT, using acycleat least 20ms
less than the tachycardia cycle length, accelerating the
tachycardiato the stimulated frequency. Stopping the
stimulation, no changeis seen in the tachycardiacycle or
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morphology *. Whenthestimulationisperformedfar from
the tachycardia circuit, achange in morphology during
stimulation (fusion of the QRS complex) is seen. In this
situation, the first post-pacing interval equals the stimu-
lation cycle length; entrainment with concealed fusion
(concealed entrainment) —maintenance of theelectrocar-
diographic configuration of SVT during stimulationisseen;
it occurs when stimulation is performed in pathways
connected to the reentrant circuit °. Thisway, the depola-
rization waveresulting fromthe stimulusfollowsthe same
trajectory of the activation wave of SV T, depolarizing the
ventriclefromthesamesiteand producing aQRS morpho-
logy similar to that of SVT; return cycle—isthefirst post-
pacing interval (between the last el ectrogram stimulated
during entrainment and the next electrogram of SVT) °;
stimulus to QRS interval —interval between the spike
produced by stimulation and the onset of the earliest QRS
complex during entrainment®; bystander areas - regionsof
slow conduction connected to the reentrant circuit, but not
participatinginit, protected by areasof anatomic blockade®;
excitable gap —timeinterval in acycle of frequency in
which adetermined tissue (atrium, ventricle or reentrant
circuit) isout of therefractory period, allowingitsdepola
rization; success of RF ablation—interruption of ventricu-
lar tachycardiainthefirst 15 sof energy delivery.

Methods

Thirty-onepatientssequentially referredto our service
and admitted to the Hospital S&o Paulo —UNIFESP, from
June/94 to December/96, with chronic Chagas' heart disease
(CCHD) (positive serology for Chagas' disease) were
eligiblefor this study. They had clinical manifestation of
SVT, but neither manifest heart failureor pregnancy, nor any
other kind of heart or severe chronic disease. Of these, 15
patients (ninemen and six women, with amean age of 52.6
years) wereselected for thisstudy. Ineach patient SVT was
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hemodynamically stablein the electrophysiologic labora
tory allowingmappingitsorigin site.

Except for two patientswith well-tolerated incessant
SVT, all the others had varied symptoms of low cardiac
output (dizziness, sweeting, extremefatigueand dyspnea).
Three had a syncopal phenomenon and one underwent
cardiopulmonary resuscitation. Five patientswerein
functional class(FC) I11 (NYHA) andtheremainingin FCI
or 1. All had clinical manifestation of SV T under theeffect of
at least oneclassl|1 antiarrhythmic drug®.

Eleven patientshad basal sinusrhythm, which alter-
nated with atrial flutter in one and with incessant SVT
rhythm in another. Four patients used definitive pacema:
kers, three of which were dual chamber pacemakers and
another was a single chamber pacemaker. In the | atter
patient, therhythm of the pacemaker alternated with that of
incessant SVT.

Thegectionfraction (EF) analyzed by | eft ventricular
angiography variedfrom0.17t00.64 (mean=0.37+£0.13). All
pati entshad segmental or diffuseventricular dysfunction.
Twelve patientshad hypokinesia, akinesiaor dyskinesiaof
posterobasal or inferoposterior walls, andfive patientshad
these alterationsin the apical region. Diffuse hypokinesia
without segmental dysfunction of the left ventricle (LV)
was evidenced in only two individuals. No patient had
obstructive coronary artery diseaseidentified by coronary
angiography (tab.1).

Electrophysiological study wasperformed without
anesthetic sedation. Initially, two punctures of the right
femoral veinwereperformed, through whichtwo multipolar
catheters for diagnosis were introduced, with interelec-
trodeintervasof 1 cm. Under radioscopicvision, acatheter
was placed in the subtricuspid region to record the His
bundleand another inthehighright atrium (HRA) torecord
andstimulatetheatria. Later, thiscatheter wassequentially
repositioned in the apex and in the right ventricle (RV)
outflow tract for recording and stimul ation.

Table I — Clinical characteristics of the patients included
Pts Name Age Sex Events EF FC
(vears)

01 MARP 42 F SVT++ 0.37 Il
02 SS 62 M SVT++ 0.64 |
03 AGG 64 F SVT+++ 0.37 1
04 VB 37 M SVT++++ 0.17 1
05 IFS 62 F SVT+++ 0.58 Il
06 ALC 55 M SVT+++ 0.36 |
07 VAS 49 M SVT++ 0.51 Il
08 MC 58 M SVT++ 0.24 |
09 CCB 35 F SVT++and RSD 0.49 1]
10 MM 42 M SVT++ 0.30 |
11 MRS 56 F SVT +++ 0.38 Il
12 JEE 52 M SVT+++ 0.28 |
13 SAA 46 F SVT++++ 0.34 1
14 CCN 62 M SVT+++ 0.35 1
15 JRB 67 M SVT++++ 0.21 1
Pts- patients; M- male; F- female; FC- functional class; EF- gection fraction; frequency of arrhythmic events: ++ (sporadic, with more than one clinica recurrence);
+++ (frequent or monthly); ++++ (daily or incessant); RSD- resuscitated sudden death.
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Simultaneously, four leads of the surface el ectrocar-
diogram (ECG) (D1, aVFand/or D3,V1and V50rV6) were
recorded by amultiplechannels, aswell astheintracavitary
electrograms of the following sites: His bundle and, se-
guentialy, HRA and RV invelocitiesof 25and 100 ms. The
recording systems SP12 (Tecnol ogiaEletrénicaBrasileira-
TEB®) and LabSystem —version 2.56 (BARD® Electro-
physiology) wereused, aswell astherecordingsof bipolar
electrogramswithfiltersof 100to 500 Hz. Bipolar recordings
were obtained between the extremity and the second
electrode of the quadripolar catheters. When the TEB®
polygraph was used, if the stimulation was performed by
the pair of distal electrodes, the recording was achieved
fromtheproximal pair of electrodes. Theserecordingswere
obtai ned with variablegains, maintaining afixed pattern—
N:20mm=1mV.

Theprotocol of programmed ventricular stimulation
was performed with the double value of the diastolic
stimulation threshold, intwo basic cycles (450 and 600 ms)
intheapex and RV outflow tract, applying up to threeearly
extrastimuli (Fisiocor Cardiostimulator —CardiobrasLtda).
None of the patients studied needed to receive isoprote-
renol for SV T induction.

When tachycardiaresulted in major hemodynamic
impairment, it wasimmediately reverted by theentrainment
technique, employing early extrastimuli or external electric
cardioversion. Then, 1.0g of procai namide was adminis-
tered givenintravenously for a20-minuteperiod aimingto
dow thetachycardiaand to makeit hemodynamically stable
initsreinduction.

For endocardial mapping of the LV, puncture of the
femoral artery was performed, by which adeflectable 7F
guadripolar catheter wasintroduced, with interel ectrode
interval of 2-5-2mmand extremity of 8mm (Blazer, EPTech-
nologies, Mountain View, CA), placedintheLV by retro-
grade viathrough the aortic valve. The position of the
catheter wasdetermined by fluoroscopy, using right anteri-
or oblique (30°) and left anterior oblique (30°to 45°) views.
After arterial puncture, heparinwasintravenoudly adminis-
tered asfollows: 5,000 U inbolusand 1,000 U per hour du-
ring thewhole procedure.

To identify the sites of SVT, the mapping scheme
described by Josephsonwasused: site 1 istheapex; sites2,
3and 4 aretheseptum; sites5 and 6 represent, respectively,
themidand basal inferior wall; site 7, theapical lateral wall;
site 8, theinferoposterior region; site 9, the apical antero-
lateral wall; site 10, thebasal lateral wall; site11, themidan-
terior wall ; site 12, thebasal anterior wall; and sites13t0 18
represent theright ventricle. Segmental areasof 5to 10cm?
represent each site4.

Inall patients, mapping was performed during tachy-
cardiaunder continuous intraarterial monitoring. The
endocardia mappingwasinitialy directedto the detection
of fractionated electrical activity with presystolic activity of
at least 30ms or of mid-diastolic potentials. In order to
evaluatethepossibility to demonstratethe parti cipation of
these potentialsin the reentrant circuit by ventricular
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stimulation during tachycardia, entrainment wasperformed
with the greatest cycle length capable of penetrating the
circuit of tachycardia. Inthese sites, it was usually neces-
sary to use the maximum energy to achieve ventricular
depolarization. In the stimulated sites, the presence or
absence of fusion of the QRS complexes was analyzed.
Measurementsof thedifferencesbetween thevaluesof the
return cycle and the cycle length of SVT, and between
stimulusto QRSinterval andthe presystolic activity were
performed. Differencesupto 20msbetween thesemeasure-
mentswerenot considered.

The RF current was rel eased between the distal elec-
trode of the multipolar catheter and a shovel-shaped
external el ectrode placed ontheback of thepatient’ sthorax,
with the power of 20 to 30 W during 15 to 60s, without
temperature control. During RF ablation, impedance was
continuously measured, being the system automatically
powered off if theimpedancereached ava ue3 150 Ohms.

In all sites of RF current application, the characte-
ristics of theintracavitary electrogramswere analyzed in
regard to presystolic activity, amplitude and duration, and
they were compared to each other inthe sites of successful
and unsuccessful RF current application. In stimulated
sitesof RF current application, where entrainment of the
SVT wasobtained, we analyzed the presence of concealed
entrainment and the difference between the following
intervals: a) return cycleand SVT cycle length b) the
stimulusto QRSinterval and presystolic activity.

For analyzing the results, the following tests were
applied: 1) Mann-Whitney’ stest * with approximation to
normal curve in order to compare the successful and
unsuccessful groupsin regard to the variables studied; 2)
Chi-squaretest in order to associate successand failurewith
theelectrophysiological variablesstudied. When Cochran
constraints were observed, the Fishers exact test was
applied®®.

Thelevel of rejection of thenull hypothesiswas
establishedtobe0.050r 5% (a £ 0.05), and the significant
valuesweresignaled with an asterisk.

Results

Fromaninitia population of 31 patients, only 15could
beincluded in the study, all of them coincidentally with
recurrent and refractory SVT to at least one class |11
antiarrhythmic drug . From the remaining 16 patients not
included on antiarrhythmic drug therapy, eight had recur-
rent SVT, and eight had aclinical coursewithout recurrence.

In regard to the patients with recurrent SVT of the
group excluded, it was not possible to identify, in three of
them, asite of presystolic activity using the endocardial
mapping techniques. In the other five patients, there was
reproducibleinduction of afast SVT with hemodynamic
instability. These patients required repetitive electrical
cardioversions, whichmadethemapping of theclinica SVT
impossible. All theeight patientswithout clinical recurrence
under drug treatment showed, in the [aboratory, a major

465



Téavora et al.
Endocardial mapping in chagasic ventricular tachycardia

hemodynamic instability during tachycardiasimilar tothe
clinical one, and they could not be mapped.

During endocardial mapping of the 15 patients stu-
died, 17 distinct ventricular tachycardia sites were iden-
tified. The cycle of the mapped tachycardias varied from
300msto 460ms (mean =368+64ms) and, inthreepatients,
hemodynamic stability during SV T was achieved after
endovenous administration of procainamide. The 3™
extrastimuluswas necessary to theinduction of four out of
the 17 tachycardias(23.5%).

Radiofrequency current application wasperformedin
siteswith presystolic activity varying from 30msto 220ms.
Presystolic activity of ventricular e ectrogramsinthesites
of unsuccessful RF ablationwassignificantly greater than
inthesitesof success. Regarding the characteristicsof the
electrograms, all successful RF ablation sites showed
continuous electrical activity (fig. 1) or mid-diastolic
potentials (fig. 2A) or fractionated el ectrograms with
presystolic activity (fig. 3A). Duration of electrogramsin
the successful (158ms) and unsuccessful (155ms) sites
showed no statistically significant difference. Inthe same
way, the amplitude of the electrogramsin successful
(0.40mV) and unsuccessful (0.51mV) sites showed no
significant difference.

Entrainment of all mapped SV Ts was achieved,
confirming the reentry mechanism. In 14 of the 17 sites
(82%), it was possible to show the participation of the
fractionated mid-diastolic or presystolic electrical poten-
tial's, which were recorded from endocardium with the
tachycardia circuit through the following el ectrophy-
siological mapping parameters. conceal ed entrainment with
return cycle approximately equal tothe SVT cycle-length
and stimulus to QRS interval similar to the presystolic
activity (fig. 2B, 3B and 4).

Localization of thereentrant circuit wasconfirmedin
12 sitesof SVT (70.5%) by itstermination at thefirst 15sof
RF current application (fig. 5) and in two other sites by
transitory slowness of thetachycardiaduring therel ease of
energy (fig. 6). Most of the sites were located at the
inferoposterior dorsal (site 8) and lateral (sites 7 and 10)
wall. Thecharacteristicsof SVT and of itssiteof originare
describedintablell.

Entrainment was performed at 64 of the 174 sites of
RF application. A significant association between concea
led entrainment and the success of RF abl ation was obser-
ved, with 53.5% of success of the 28 sites where this
parameter was obtained versus 5.5% of success of the 36
sites of entrainment with fusion (tab. I11). A significant
association of the return cyclelength to thetachycardia
cyclewith the success of RF ablation was also observed,
with 35.7% of successof 42 siteswherethisparameter was
obtained versus 9.0% of success of the 22 siteswhere the
return cycle was more than 20ms greater than the tachy-
cardiacyclelength (tab. 1V). However, in the siteswhere
concesl ed entrai nment was achieved, therate of successof
thesiteswithreturn cyclesimilartothe SV T cyclewashot
significantly different from that at the siteswith areturn
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cycle more than 20ms greater than the tachycardia cycle
(53.8% versus50.0%). Thisratewassimilar tothat achieved
when the overall rate of success of the siteswas analyzed
with concealed entrainment (53.5%), i.e., regardlessof the
analysisof thereturn cycle(tab. V). No associ ation between
stimulusto QRScomplexinterval similartothepresystolic
activity and the success of the RF ablation was observed
either isolated or associated with concealed entrainment
achievement.

From the threetachycardiasin which it was not pos-
sibletoreverse or changethe cycleduring endocardial RF
application, two had left bundle-branch block (LBB)
morphology (66.6%). Ontheother hand, fromthe14SVTs
withright bundle-branch block (RBB) morphology (7.2%), it
washot possibleinonly oneto reach thecircuit through RF.
There was anonsignificant trend in tachycardiacircuits
with LBB morphology to be less accessible to thelesion
produced by endocardial RF current application thanthose
with RBB morphol ogy.

Discussion
Population studied — Inorder tomapan SV T, it needs

to be hemodynamically stable. In this study, only the
patientswith recurrent SVT using antiarrhythmic drugs

Fig. 1—Endocardia mapping during ventricular tachycardia (VT). Intracavitary
record of theright ventricle by distal and proximal electrode pairs (VDD and VDP,
respectively), of the Hisbundle (HIS) and of theleft ventricle by distal electrode
pair of the explorer catheter (EXD). In thisone, record of continuous electrical
activity isobtained. RF blation at thissite resulted inimmediate VT termination.
N:10mm=1Mv.
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'EXD.AN-

Fig. 2 - Endocardial mapping during ventricular tachycardia (V T), using the entrainment technique. Record of surfaceleadsD1, D3, aVF, V1and V6, and right and left ventricle
intracavitary electrograms by two catheters: one through the distal electrode pair (EXD) and another through the proximal and distal electrode pairs (VEP and VED, respectively).
The traces mark the QRS complex onset. Panel A: through catheter EXD, amid-diastolic potentials recorded with 190ms of presystolic activity regarding the QRS complex onset.
Panel B: stimulation through the EXD catheter with a400ms cyclelength (20 mslessthan that of the VT) produces conceal ed entrainment, return cycle equal to VT cyclelength and
stimulus (S) to QRS interval equal to the mid-diastolic potential presystolic activity, confirming its participation in the reentrant circuit. N: 20mm=1mV.

weremapped. Inthegroupwithout clinical recurrenceunder
medicamentoustherapeutics, it wasonly possibletoinduct,
by programmed ventricular stimulation, fast tachycardia
with major hemodynamic repercussion.

Itiswell known that, for aventricular tachycardiato
manifestitself inasustained manner, itisnecessary that the
conduction timeof the activation wavethroughthecircuit
besufficiently longto alow it, when leaving thecircuit, to
reach the ventricle out of itsrefractory period. Therefore,
increasing the ventriclerefractory period in patientswith
fast circuits, we have agreater chance of preventing the
activationwave, whenleavingthecircuit, fromdepolarizing
theventricleandtriggeringan SVT. Unfortunately, drugs
increasetherefractory period at most 50ms*’. Therefore, in
many patientswithfast SVT, theeffect of thesedrugsonthe
excitablegap of thecircuit and ontheventricul ar refractory
period is not enough to prevent an activation wave from
triggering aventricular tachycardiaby reentry.

Josephson Y7 observed in hislaboratory that class|
drugsweremoreeffectivein preventing fast SVT reinduc-
tion (cycle£270ms). Marchlinski et al *® showed that the
effectsof amiodaroneand procainamideonthe SVT cycle
aresimilar, suggesting the possibility of using theresponse

to programmed ventricular stimul ationwith procainamideto
predict the clinical results of amiodarone. The sametech-
nique was used by Winters et a *° in an attempt to predict
theclinical effectivenessof sotalol. Intheir study, SV Tsthat
became non-induciblewith sotal ol responded intwo ways
to procai namide: either they werenot inducibleor thecycle
of tachycardiaincreased significantly. In thelatter, the
average of the SV T cyclelength was smaller (246+35ms)
thaninthe nonresponsive onesto both drugs (294+58ms).
In our service, among chagasi ¢ patientswith spontaneous
SVT, clinical control was observed to be more often
significantly achieved in patients with SVT with acycle
£270ms than in those whose cycle was >270ms, during
programmed ventricular stimulation in basal conditions
(p=0.003), after afollow-up period of 3627 monthsusing
amiodarone or sotalol °. These data suggest that the
tachycardiacyclecan beadecisivefactor to medicamentous
effectiveness.

For thesereasons, it isexpected that recurrent SV TS,
which arerefractory to drugsthat act predominantly pro-
longing the refractoriness, are slower (cycle >270ms),
providing agreater chance of hemodynamic toleranceand
making themapping possible. Thisfact might explainwhy, of
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Fig. 3- Endocardial mapping during ventricular tachycardia (V' T) using the entrainment technique. Record of surfaceleads D1, avF, V1 and V6, and of theintracavitary electrograms
of theHisbundle (HIS), of theright (VD) and | eft ventricles through the proximal and dista electrode pairs (EXP and EXD, respectively). The traces mark the QRS complex onset.
Panel A: by EXD catheter, the fractionated electrical activity record (multiple components, 210 ms extension and amplitude<0.5 mV) is obtained. Panel B: stimulation through
catheter EXD with a320mscycle (40mslessthanthat of theV T) produces conceal ed entrainment, return cycle (CR) similar tothe VT cyclelength and the stimulus (S) to QRSinterval
equal to the presystolic activity, confirming its participation in the reentrant circuit. N: 10mm=1mV.

thedligiblepatientsinthisstudy, only thosewithrecurring
SVT under antiarrhythmic therapeuti cs could be mapped.

Ventricular functionand heart rateduring SV T arethe
variables that influence most hemodynamic toleranceto
tachycardia. EF evaluated by Doppler echocardiogram of
the patients with tolerated SVT was similar to that from
those resulting in severe hemodynamic impairment.
However, the cyclelength of inducible SVT in patients
resulting in severe hemodynamicimpairment varied from
250 to 340ms (mean = 280+31.3ms) and that of hemody-
namically tolerated SV Tsvaried from 320t0400ms(mean=
325.5+27ms), suggesting that the cycle length of SV Tsis
themostimportant factor for hemodynamic stability during
tachycardia.

Programmed ventricular stimulation — Sinceits
introductionintoclinical practice, theelectrophysiological
study has contributed to a better understanding of ventri-
cular arrhythmias, allowing great advances in phar-
macol ogical and non pharmacological therapeutics. Inthe
present study, the ventricular stimulation protocol with
three extrastimuli wasused. Employment of the 3 stimulus
hasbeen necessary toreproduceclinical SVT inupto42%
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of the chagasic patients, mainly whenthe SVT cycleis
£280ms?, Among patientsincluded inthisstudy, therewas
less of aneed to use the 3" extrastimulus to reproduce
clinical SVT (23%). Therefore, despite the use of drugs
prolonging the refractoriness, the excitable gap of the
circuitsof the patientsstudied seemstoremainwide. Inthis
study, the 3" extrastimulus was also greatly used in the
postablation phase, allowing amorereliabl e eval uation of
the response to the procedure.

Endocardial mapping — Mapping techniques during
sinusrhythm were not used in the patients studied because
they proved to be unsatisfactory for the detection of SVT
circuits. Abnormal electrogramsinsinusrhythm havehigh
sengitivity (86%) but low specificity (65%) indetecting SVT
circuits. The specific electrograms (fractionated and | ate)
have good specificity (90% and 95%, respectively) but low
senditivity (10% and 20%, respectively) . Thetechnique of
ventricular stimulationinsinusrhythmhasmany distortions:
1) ventricular stimulation in adjacent sites (2 to 3cm) may
produce the same morphology of clinical SVT or roughly
different configurations, mainly regarding theelectrica axis
change; 2) stimulation of thesamesiteindifferent timesmay
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Fig. 4 — Surface electrocardiogram at 25mm/s obtained during stimulation (S) of the
endocardial siterecorded by the EXD catheter of figure 3A and when stimulation was
stopped (from the arrow). It is observed that stimulation produces conceal ed
entrainment without changing VT morphology in any recorded lead, and return cycle
(arrow) equa tothat of VT.N: 10mm=1mV.

generatedigtinct morphol ogies; for instance, thestimulation
of the septum at the same site may occasion RBB and LBB
morphology, depending on the preferential transeptal
conductiontoLV or RV, respectively 224,
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Themost reliable and used mapping method hasbeen
the determination in multiple places of the sequence of
ventricular activation during tachycardia. Therefore, SVT
mapping of the patients studied was performed during
tachycardia and directed to detect the slow conduction
zone of the reentrant circuit, as described below. In our
study, entrainment of all SVT mapped wasobtained. This
method, inadditionto confirming thereentrant mechanism,
showstheinvolvement of presystolic fractionated el ectri-
cal potential swiththe s ow conduction zoneof thecircuits.

Intracavitary electrograms — In our patients, the
presence of fragmentation was considered important.
According to Josephson et al %, during tachycardia, low
amplitude electrograms are invariably observed, with
multiple components and increased duration in the endo-
cardial sitesof SVT. These electrograms represent the
activation of a slow conduction zone. Due to specific
electrophysiological characteristics, itistheonly part of the
circuit that may beidentified by means of endocavitary
electrodes. When participating in thecircuit, fractionated
electrogramsareawaysrel ated to QRS complex, and may
befound boundtoit (presystolic activity) or separated from
it by anisoelectrical line (mid-diastolic potentials) 2. The
earliest electrical activity may berecorded alongarelatively
large area, distal to the outlet site of the reentrant circuit,
sometimes concomitantly in the endocardium and epicar-
dium. This suggeststhat the detection of presystolic elec-
trical activity is not enough for circuit identification, as
experimentally shown by El Sherif et al % inanimal models.
In this study, the activation wave leaving the reentrant
circuit depolarized adjacent regions not necessary for

Fig. 5-Termination of ventricular tachycardiais observed inthefirst 2 s of the onset of radiofrequency current application.
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Fig. 6 - During radiofrequency application, the tachycardiacyclelength is made slower, from 300ms to 380ms.

Table II — Characteristics of sustained ventricular tachycardias (SVT) mapped in the patients (Pts) included analyzing morphological pattern (Morph),
electrical axis, cycle length (CL), site of origin, success (S) or failure (F) to terminate SVT during radiofrequency (RF) application and characteristics of
stimulation at the sites of origin of SVTs: concealed entrainment (CE), relation between the stimulus to QRS interval (SQRS) and the presystolic
activity (PSA) and between the return cycle (RC) and the ventricular tachycardia cycle length (VTCL)

Pts VT Site RF Entrainment
Morph Axis CL (ms) CE SQRS=PSA RC=VTCL

1 RBB 120° 310 8 S + + +
2 RBB 120° 340 8 S + + +
3.1 RBB 120° 340 10 L + + +
3.2 LBB 60° 320 3 S + + +
4.1* LBB 120° 470 12 | + + +
4.2 RBB -45° 400 8 | - + +
5 LBB -45° 320 3 | - - -
6# RBB 120°/-90° 460 7 S + + +
7 RBB 120° 300 11 S + + +
8 RBB 15° 300 8 S + + +
9 RBB -60° 300 3 L + + +
10 RBB -45° 300 7 S + + +
11 RBB 150° 380 7 S + + +
12 RBB 120° 400 8 S + + +
13 RBB 150° 430 6 S + + +
14 RBB 120° 430 10 S + + +
15* RBB 120° 460 10 S - - -

SVT 3.1/ 3.2 and 4.1/ 4.2 - two sites of SVT mapped; SVT 4.1 and 6 — concealed entrainment was obtained by epicardia stimulation; *incessant SVT; # two
morphologies of a same site mapped; L- SVT cycle made slower transiently during RF ablation; (+) — parameter present; (-) — parameter absent.
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Table III — Successful and unsuccessful sites of radiofrequency
current application according to concealed entrainment achievement

Group Success  Failure Totd % Success
Concealed entrainment 15 13 28 53.5
Entrainment with fusion 02 34 36 5.5
Tota 17 47 64 26.5

Chi-square test: ¢? calculated = 18.61*; critical ¢ = 3.84.

tachycardiamaintenance, sothat cryoabl ation of thesesites
generaly failedtointerrupt thetachycardia.

Later, EI-Sherif et al % showed that SVT could be
consistently interrupted after sl ownessand blockade of the
conduction, when cryoabl ation was performedinthedistal
part of thecommonviaof thecircuit proximal tothesite of
the earliest activity. This showed the need to identify an
ideal siteinthereentrant circuitinorder to achieve effecti-
veness of the ablation procedure.

Inour sample, avalueof presystolic activity of at least
30mswasrequired becausetheactivation wave, leavingthe
outlet site of the circuit, generally crossesafibrosisregion
before initiating ventricular depolarization °. However,
identification of the site of the earliest electrical activity
during tachycardiawas not useful in precisely identifying
the place of its origin; contrarily, significantly earlier
presystolic electrical activity wasdetected in theunsucces-
sful RF ablation sitesthaninthe successful ones. Thesedata
coincidewith those of Stevenson et al °, who achieved 33%
successinsiteswherethestimulusto QRSinterval wasless
than 70% of thetachycardiacyclelength versus 11%, when
thisinterval wasgreater. According to Josephson et al 4, RF
success depends not only on theidentification of the slow
conduction zonebut also onlocalization of anisthmusinthe
reentrant circuit, probably more often found near thecircuit
outlet site. Our findings of greater RF successratesin the
regionsof smaller presystolic activity areinaccordancewith
these observations.

Amplitudeand duration of theelectrogram at thesites
of ablation were not useful for circuit identification.
Fractionated €l ectrograms, despitebeing essential to circuit
identification, were found both in successful and unsuc-
cessful sites of RF application. These dataemphasize the
need to empl oy ventricular stimulation techniquesto con-
firm the participation of presystolic fractionated elec-
trogramsinventricular reentry.
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Concealed entrainment —Slow conduction areasof
SVT circuitsmay beclinically evidenced in sinusrhythm
and during tachycardia, using ventricular stimulation
techniques. Bothinsinusrhythm and during tachycardia,
stimulation the site of origin, when performed in aslow
conduction zone, hasalong interval between the stimulus
andthelocal eectricactivity or the QRS complex -2,

Using the ventricular stimulation technique through
conceal ed entrainment, several authorsshowed, in patients
with chronic ischemic heart disease, the participation of
fractionated presystolic activity and mid-diastolic potential
records with the slow circuit conduction region &930-3,
Thismethod wasalso usedtoidentify thecircuit of patients
withidiopathic dilated cardiomyopathy =.

I ntraoperative mappingsand computer simul ationsof
endocardial mappings of patients with ischemic heart
disease showed that conceal ed entrainment could be
obtained through stimul ation of aregion of the reentrant
circuit. Thisresultsin antidromic bl ockade of the depo-
larizing waveby thewavefront of thetachycardia, preven-
ting depolarization of adjacent regionsand al so causesthe
orthodromic conduction of thedepolarizingwaveinasimi-
lar manner to SVT activation®®. Inraresituations, blocka
de of the stimulation wave may occur orthodromically,
allowing antidromic conductionand, consequently, change
of theoutlet siteof thecircuit and of SV T morphology. This
finding can explaintheraresituationsinwhichtermination
of thetachycardiamay be obtained during RF application
insiteswherefusionduring SV T entrainment with fusion®
isobserved. Asidentification of aendocardial critical
region of ventricular reentrant circuits may bring new
perspectivesto treat this arrhythmia, we used this map-
ping method in our study, trying to achieve the precise
localization of SV T circuitsin patientswith chronic Cha-
gas heart disease (CCHD) .

Inthe 15 patientsincluded in this study, the presence
of conceal ed entrainment through the programmed ventri-
cular stimulation techniquewasuseful inidentifying 14 out
of 17 reentrant circuits (82%). Thus, it wasshown that, in
most of the SVT sitesof chagasic etiology, it ispossibleto
performendocardia stimulation of azoneconnectedtothe
reentrant circuit. Inthissituation, depol arization generated
by stimulation depolarizestheventriclefromthesameoutlet
site of the activation wave, so that SV T morphology re-
mains unaltered. This shows that the regions adjacent to

Table IV — Successful and unsuccessful sites of radiofrequency
current application according to the achievement of the return
cycle (RC) almost equal to the ventricular tachycardia cycle length
(VTCL) in all sites where entrainment was obtained

Table V — Successful and unsuccessful sites of radiofrequency
current application according to the achievement of the return
cycle (RC) almost equal to the ventricular tachycardia cycle length
(VTCL) only in sites where concealed entrainment was obtained

Group Success Failure Totd % Success Group Success Failure Totd % Success
RC=VTCL 15 27 42 35.7 RC=VTCL 14 12 26 53.8
RC>VTCL 02 20 22 9.0 RC> VTCL 01 01 02 50.0
Total 17 47 64 26.5 Total 15 13 28 53.5

Chi-square test: ¢? calculated = 5.24*; critical c? = 3.84.

Fisher's exact test: p=0.72.
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the common pathway of the circuit are not depolarized.
Therefore, the stimulated areais protected by anatomic or
functional barriersthat prevent theradial diffusion of the
stimulus.

In patientswith coronary artery disease, Morady et al *
using only conceal ed entrainment as a criterion for RF
ablation, obtained successin only 56% of cases. Stevenson
et a °reported that, in conceal ed entrainment sites, success
interminating tachycardiawasobtainedin 17% of cases. In
the same study, the presence of the following associated
parameters predicted the successof RF gpplicationin 35% of
the sites: mid-diastolic potentials, continuous el ectrical
activity, conceal ed entrainment with return cycle nearly
equal tothe SVT cyclelength, thestimulusto QRSinterval
>60 msand <70% of the SVT cyclelength. When none of
thesecriteriawerefound, sucessof RF applicationwas4%.

Inthepresent study, RF applicationin places of frac-
tionated presystolic activity hasresulted in SV T termi-
nationin 29.3% of thesites. Inthe placeswhere concealed
entrainment was achieved, it was possible to terminate
tachycardia during RF application in 53.5% of the sites
versus5.5%, whenthiscriterionwasnot obtained. Concea-
led entrainment detection was the best parameter for
identifying thetachycardiacircuit.

Return cycle versus sustained ventricular tachy-
cardia cycle length — In computer simulations of endo-
cardial mapping, Stevenson et al °found that, inadditionto
stimulation in the common pathway of the circuit, the
presence of conceal ed entrainment could occur inregions
bound to the circuit, but not participating in it, named
bystander areas, where RF application is not effectivein
terminating SV T. Theauthors observed that, when stimu-
lation was performedinthecommonvia, inadditiontothe
similarity between spontaneousheart beat morphology and
that of the stimulated heart beat, thereturn cycleisnearly
equal tothe SVT cycle. Thereturn cyclerepresentsthe
conduction timefrom the stimul ated site to the circuit and
thereturnto the samesite. Therefore, when stimulationis
performed out of the reentrant circuit, the return cycleis
greater than that of the SVT. However, this situation may
a so occur when thestimulationisperformedinthecommon
pathway of thecircuit, dueto the decremental propertiesof
the slow conduction zone of thereentry.

Inorder to avoid conduction delay dueto faster stimu-
lation of the common circuit via, mimicking a bystander
area, the entrainment was performed in the greatest cycle
ableto entrain the circuit. Dueto decremental properties,
increments of up to 20msin thereturn cyclein relationto
that of the SVT cycle length and the stimulus to QRS
interval regarding the presystolic activity wereconsidered
insignificant. In patientswith coronary artery disease, a
return cycleof upto 30msgreater thanthe SV T cycle, under
concealed entrainment, was a strong predictor of SVT
termination by RF energy°.

In the present study, termination of SVT by RF was
al so associated with achievement of thereturn cyclesimilar
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tothat of the SVT, regardless of the presence of concealed
entrai nment, but with alower successrate(35.7%) thanthat
achieved by analysis of concealed entrainment (53.5%).
However, analysisof thereturn cyclein siteswith concealed
entrainment did not show any usefulnessfor circuitidenti-
fication, and the same successratesobtained when only the
conceal ed entrainment parameter was considered were
observed, suggesting that the circuits of chagasic etiology
havefew bystander areas. Thus, the analysis of thereturn
cycleinthese sitesisuseful only when discrete aterations
of amplitude and duration of the QRS complexes during
ventricular stimulation are observed, which may occur due
to anisotropic ventricular conduction, giving afalse
impression of fusion. In this situation, the analysis of the
return cycle may be an indicator that stimulation isbeing
performedinthereentrant circuit, eveninthepresenceof a
discretedteration of the QRS complex during stimulation. In
patients with coronary artery disease, Stevenson et al °
achieved a greater success rate when they associated the
analysisof thereturn cyclewith the detection of concealed
entrainment (25% versus 17%, respectively), showing that
bystander areasare more often found in these patientsthan
inthe chagasic ones.

Stimulus to QRS interval versus presystolic activity
- Stimulation of presystolic activity sitesrelated to the
reentrant circuit may produce aninterval between the sti-
mulus and the QRS complex similar to the presystolic
activity and greater than this one, when performed in
bystander areas®. However, these authors found that, in
49% of thesitesrelated to thereentrant circuit wherethere
wasconcealed entrainment with return cyclesimilar tothe
SVT cycle length and successful RF application, the
identity between presystolic activity and the stimulus to
QRSinterval was not present. They suggested, then, that
thisdiscrepancy could occur dueto discrete aterations of
thepericircuit conduction, localized intheregion between
thecircuit outlet siteand the outlet of thescar region, inan
insufficient degreeto influence SVT morphology. It was,
then, postulated that a fan-shaped configuration at this
place explains these discrete changes of velocity of
conduction of the activation wavethrough the scar region.

In the present study, the stimulusto QRS interval
onset almost equal to the presystolic activity was not
associated with successful RF application. Therefore, this
analysiswas not useful in helping to identify the circuit of
tachycardias. Thedifficulty inprecisdy identifyingthe QRS
complex onset during stimulation and the delay of the
stimulusconductionintheregion betweenthecircuit outlet
and the onset of ventricular depolarization (scar) could
justify thisfinding.

Bystander areas — Inthe study by Stevenson et a °,
the analysis of the return cycle and the stimulusto QRS
interval suggested that 25% of the sites with concealed
entrainment were bystander areas. |n our patients, using
the same criteria, only 2 out of the 28 (7%) sites with
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conceal ed entrainment suggested bystander areas. This
fact may be dueto the specific characteristicsof theregion
of fibrosis of the arrhythmogenic substrate with chagasic
etiology. In patientswith coronary artery disease, the scar
region generally constitutes a compact area, from where
several viable myocardial cell branches separated by fi-
broustissuemay arise, originating thereentrant circuits. In
chagasi ¢ patients, however, fibrotic regionsoriginated from
independent multifocal inflammatory processes are not
involved in acompact fibrotic zone. Thisfibrotic zonein
patients with coronary artery disease would favor the
isolation of fibrotic areas connected to the circuit, but not
pertainingtoit, from theremaining myocardium, formingthe
circuit bystander regions. Lack of isolation of thesefibrotic
areasin chagasic patients, may resultinradial diffusion of
the activation wave during stimulation with fusion of the
QRS complexes. It seems that, in circuits of chagasic
etiology, only thecommon circuit viais separated fromthe
viable adjacent myocardium, whose stimul ation produces
entrainment with concealed fusion.

The presence of slow conduction vias comprising
largeareasof surviving myocardium, asshown by Downar
et a ¥ in patientswith coronary artery disease, can justify
the unsuccessful ablation in sites with concealed entrain-
ment. Thisevidence emphasi zestheimportance of recog-
nizing anisthmusinthereentrant circuit, wherethelesion
produced by RF causes conduction blockade. New me-
thods making possible a homogeneous lesion of greater
extent will increasethe successratesof thisclinical entity.

Morphology of the sustained ventricular tachycardia
versus endocardial identification of the circuit - Endo-
cardial identification of the reentrant circuit through RF
ablation was not obtained in three sites. From these, two
had L BB morphology. Thesitesof SV T with thismorpho-
logic pattern are usually located in the septum with prefe-
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rential conduction to RV. Thus, they may belocated morein
theintramural space than in the endocardial one, which
justifiesthe fact that these tachycardias were less acces-
sibletothelesion produced by endocardial RF current.

Sites of origin of SVT - Inour patients, aswell asthose
discussed previoudly in other studiesof thisdisease®%, the
most frequent locations of thesitesof SVT originwerethe
inferoposterior and latera regions. Eventhoughthesitesof
SVT origin may beidentified by detection of presystolic
activity, only electrophysiological parametersobtained by
the entrainment technique make possible the precise
identification of SVT reentrant circuit *'4. The posterior
regionisoneof themost compromised, probably becauseit
isoneof thefirst to undergo inflammation in chagasic heart
disease?.

Conclusions - In the sample studied, the reentrant
mechanismwasresponsiblefor SVT genesisinall patients.
In 70.5% of the sites of SVT studied, the endocardial
participation of theslow conduction zoneof theventricular
reentrant circuit was shown by achieving concealed
entrainment withareturn cyclesimilar tothat of SV T cycle
length and tachycardiatermination in thefirst 15 sof RF
current application.

Successful sites of RF current application showed
presystolic activity significantly lessthan that at unsuc-
cessful sites, showing that the isthmus of the circuitis
closertoitsoutlet site. Conceal ed entrai nment achievement
was the main el ectrophysiol ogical parameter associated
with success of RF ablationto terminate SVT. Analysisof
thereturn cycleand of the stimulusto QRSinterval during
conceal ed entrainment was not necessary to identify the
reentrant circuit; therefore, el ectrophysiological evidence
of bystander areas was not found.
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