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Abstract

Background. Anatomical considerations and risks related tayk-exposure make atrio-
ventricular nodal reentrant tachycardia (AVNRT)adian in pediatric patients a concerning
procedure. We aimed to evaluate the feasibilitietgaand efficacy of performing fluoroless
slow pathway cryoablation guided by the electroam&t (EA) mapping in children and
adolescents.

Methods. Twenty one consecutive patients (mean age 135¥y8ars) symptomatic for
AVNRT were prospectively enrolled to right atriunAEnapping and electrophysiological
study prior to cryoablation. Cryoablation was guidby slow-pathway potential and
performed using a 4-mm tip catheter.

Results. Sustained slow-fast AVNRT was inducible in all {h&tients with a dual AV nodal
physiology in 95%. Acute success was achieved 0?4.0f the patients with a median of 2
cryo-applications. Fluoroless ablation was feasibl&9 patients, while in 2 subjects 50 and
45 seconds of x-ray were needed due to difficdgpession of the catheters along the venous
system. After a mean follow-up of 25 months AVNR@&curred in 5 patients. All the
recurrences were successfully treated with a seguadedure. In 3 patients a fluoroless
cryoablation with a 6-mm tip catheter was succdlgsperformed, while in the remaining 2
patients a single pulse of 60 s of radiofrequencgrgy was applied under fluoroscopic
monitoring. No complications occurred.

Conclusions Combination of EA mapping systems and cryoabfatimay allow to perform
fluoroless slow-pathway ablation for AVNRT in chiéoh and adolescents in the majority of
patients. Fluoroless slow-pathway cryoablation stoba high efficacy and safety comparable
to conventional fluoroscopy guided procedures.

Keywords: AVNRT,; pediatric population; fluoroscopy; cryoabtat; electroanatomic

mapping.



Introduction

Atrio-ventricular nodal reentrant tachycardia (AVINRis a common supraventricular
arrhythmia in adults and childreh Catheter ablation in adulthood is a well-estdiglis
treatment with a high success rate and a very leidénce of complications, the most
dreadful to be the atrio-ventricular (AV) block 26%Y“ This latter aspect has greater
relevance especially in the pediatric population. this subset of patients anatomic
considerations such as a small triangle of Kocth wlite possible higher risk of AV node
damage should be taken into account in AVNRT aiati Furthermore, the use of
fluoroscopy exposes children to the potential hatreffects of radiatiorfs’. In fact, although
AVNRT ablation is usually considered a low x-raypesure procedure, literature reports
fluoroscopy time ranging from 16 to 27 mindt&sFor these reasons, many operators prefer
to avoid or postpone ablation procedures to theadrtiildhood.

Recently, it has been shown that non fluoroscof@cteanatomic (EA) mapping systems
allows to reduce X-ray exposure for ablation praced in childretf™* In addition, in few
reports the feasibility of fluoroless procedures dhildren and adolescents has been
demonstrated™’, with a similar success and complication rate cameg to conventional
standard ablation procedures.

Based on the above considerations, we decided &duae the feasibility, safety and
effectiveness of performing fluoroless slow pathveayoablation guided by EA mapping in

children and adolescents at our institution.

Methods
Study group
Twenty-one consecutive pediatric patients sufferingm AVNRT were prospectively

enrolled for the study. Every patient was highlyngyomatic for palpitations. Before the



procedure a cardiac work up was carried out touasal the presence of an underlying
structural heart disease. After written informedngent was obtained, all the patients
underwent a diagnostic electrophysiological studgar conscious sedation or narcosis.
Electrophysiological Study

Before ablation, every patient underwent a standbactrophysiological (EP) study.

Two tetrapolar catheters and a decapolar steecaliheter were placed in His bundle region,
right ventricular apex and coronary sinus respebtithrough a venous femoral approach.

In accordance with operator desire CARTO3 or NavKk &ystem, providing multiple
catheters’ visualization, were used to navigate wbeous system and to perform a right
atrium EA map in order to place all the catheterside the heart minimizing the use of
fluoroscopy.

Ventricular and atrial stimulation protocols werged to assess conduction properties and
arrhythmia inducibility. After the EP study was coleted, slow pathway cryoablation was
performed if AVNRT was inducible.

Cardiac imaging integration

NavX: the EnSite Velocity (St. Jude Medical, St. Paul, MMA) is a 3D cardiac mapping
system that provides visualization and navigatidn conventional electrophysiological
catheters. This is a methodology based on the iplenof applying an electrical current
across 6 surface electrodes, evaluating the irteraof catheters with the electrical field.
Thus, the system reproduces and shows cathetesgigooreflecting their real-time motion
and enables the creation of a 3D model of the aardnamber of interest. Using this system
the cryoablation catheter may be connected an@hzed also during the cryo-application.
CARTO3: the new CARTOS3 system (Biosense Webster, DianBard CA, USA) allows real
time 3D reconstruction of the cardiac chambers\asuhlization of all of the catheters as in a

standard fluoroscopic view. Once the EA mappindghef chamber considered is completed



using a Navistar (Biosense Webster, Diamond Bar, @3A) ablation catheter, all the other
diagnostic catheters that enter this chamber cbeldiisualized including the cryoablation
catheter. In our population, the reconstructiorthef right atrium (RA) was obtained by the
FAM algorithm. This method continuously (non gatedyords movements of the Navistar
catheter. Based on this volume sampling, a surfacenstruction was built in accordance
with the set resolution level. The geometric retutsion of the RA started positioning the
Navistar catheter on the superior vena cava. Thgpmg catheter was then withdrawn from
the superior vena cava through the RA down to thferior vena cava, touching the
endocardial surface of the lateral, septal, anteaiml posterior walls and tagging specific
anatomic landmarks such as the His bundle, thesypid ring and the coronary sinus os. The
navigation inside the chamber was guided by thegiattion of the direct visualization of the
mapping catheter provided by the CARTO3 system ted analysis of the electrograms
recorded from the tip of the roving catheter.

With CARTOS3, cryoenergy delivery interferes witteteystem and requires disconnection of
the catheter before cryoenergy is turned on. Thesgbnce the correct site is identified, it is
necessary to disconnect the cryocatheter from yhees, making the tip of the catheter not
visualized. Few seconds are necessary to allovmdherence of the cryocatheter to the heart
tissue. The lack of the visualization during théss seconds is counterbalanced by the fact
that the effect created by the cryo-mapping isdiemt and reversible; then the repositioning
of the catheter can be performed without any peemaonwanted consequences. Moreover,
the lack of the visualization during the cryoenedgivery does not affect the overall safety
of the procedure because, after the first few sésothe cryocatheter tip is adherent to the
endocardial surface.

Ablation Protocol



In our institution, slow pathway ablation in chiggris routinely performed using cryoenergy
with a 4 mm-tip catheter in order to be more sélecin the ablation lesion. Cryoablation
with a 6 mm-tip catheter is performed in case cfireences. If cryoablation fails, RF energy
is used.

The choice of the ablation site is guided by arctedphysiological and anatomic approach.
Briefly, a 3D RA EA map is used to tag points ofemest such as His bundle and slow
pathway potential recording sites (Figure 1) torodpce a detailed electroanatomy of the
triangle of Koch. The target of ablation is thevslpathway potential recordify™ as first
choice. In case of inability to detect the abovetiomed potential or ineffectiveness of
previous ablation attempts, an anatomical apprésmaked’. Once the site is identified, cryo-
mapping is performed by cooling the tissue at aptmature of -30°C for a maximum of 60
seconds. Since during cryoablation of slow pathwsay junctional rhythm is generally
observed, programmed stimulation is performed etalg parameters such as the
disappearance of dual AV nodal physiology, the rication of the slow pathway conduction
with non-inducibility of the AVNRT or the interrujpin of the AVNRT itself. If one or more
of these criteria are present without modificatadrthe basal AV conduction, cryoablation is
carried out lowering the temperature as far asG80r 8 min.

In case of RF energy delivery, that implies a higlek of AV block, the ablation catheter
movements are monitored using fluoroscopy to imatetly detect any catheter

dislodgements.

Results
Study population
Study population included 21 pediatric patientsn&les and 12 females, with mean age of

13.5 £ 2.4 years (range 7-16 years). All the padidrad a normal heart but 2 patients: one



patient was affected by Shprintzen-Goldberg syn@ramd the other one had left ventricular
noncompaction. Mean cycle length during tachycavdes 300 + 35 ms (range 422 — 250
ms). Every patient was refractory to at least ongaerhythmic drug. The median elapsed
time from symptoms to ablation was 3.4 years (rdir@® years) (Table 1).

Procedural parameters and acute success

At baseline, in all the patients a sustained slast-AVNRT was inducible; a dual AV nodal
physiology was present in 20/21 (95%) patients.1$ patients RA reconstruction was
performed with the CARTO3 EA mapping system, wher@aases were performed with the
NavX. Cryo-application was guided by slow pathwayemtial recording in 18 patients (13
postero-septal and 5 mid-septal sites). In the r@nm@3 patients an anatomical approach was
used due to the impossibility to detect the slowhway potential. Acute success was
achieved in all the 21 patients with a median airyb-applications. After the ablation only
5/21 still showed an AV nodal jump. In one patiaritansient lengthening of the AH interval
after 1 minute of cryoablation at -80°C was obseénit normal AV conduction immediately
recovered after the interruption of cryoenergy\dely. No transient or permanent AV block
as well as any other complications were observeithenacute setting. Fluoroless procedure
was possible in 19 out of 21 patients, while theaimming 2 patients required 50 and 45
seconds of fluoroscopy respectively due to a diffiprogression of the catheters along the
venous system. Mean procedural time was 70 = 2@itesn(range 55-120 minutes). Mean RA
reconstruction time was 8 3 minutes. Table 2 and 3 summarize proceduralnpetexrs in
details.

Long-term follow-up results

No patient was lost at follow-up. At a mean folloyw-of 25 months (range 6-86 months)
AVNRT recurred in 5 patients. The mean elapsed timeecurrence was 61 days (range 1-

149 days). All these 5 patients were successfrdigtéd with a second procedure, 3 using a 6-



mm tip cryoablation catheter while 2 patients reegiiRF energy to eliminate the slow
pathway conduction because of a 6-mm tip cryoaiatailure (Table 3). All the second

cryoablation procedures were performed without rihsoopy, while in the 2 patients who
required RF delivery 60 seconds of X-ray were aggpfor each pulse in order to immediately
detect any catheter dislodgement.

No complications such as AV conduction disturbaramsurred in the long-term follow-up in

all the patients. No other recurrences were obserueing the follow-up.

Discussion
This study reports the results of fluoroless slathgvay cryoablation combined with the use
of EA mapping systems in children and adolescdrts.main results are as follows:

- The use of EA mapping systems, by multiple catlsetesualization, allowed no X-ray
exposure in 22/24 (92%) cryoablation proceduregh vai negligible fluoroscopic
exposure (45 and 50 s) in 2 patients.

- Fluoroless slow pathway cryoablation showed a laighte success rate (100%). In a
small percentage of patients a second successfarofess cryoablation was
necessary, reaching an overall efficacy of 92% 2@4luoroless procedures). In 2
patients RF energy was used requiring fluoroscopy.

- The fluoroless cryoablation of AVNRT in children daadolescents appeared to be
safe since no acute or late complications occurred.

Interventional procedures expose patients to aifsignt amount of radiation, with a not
negligible risk of harmful effects and malignanéfesChildren are inherently more
susceptible to the risk of radiation induced cavgemesis and therefore these concerns are
even more relevant to the pediatric electrophysistd’. In addition extensive fluoroscopy

exposure causes significant health related probkst on medical st&ff?* In fact current
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guidelines recommend all the physicians to mininiadiation injury hazard to patients,
professional staff, and themself&S. Catheter ablation is an effective therapy for tiple
arrhythmia substrates in children. Generally, #pproach relies on the use of fluoroscopy.
Although AVNRT ablation is usually considered a Idfaray exposure procedure, literature
reports fluoroscopy time ranging from 16 to 27 ntési°.

Several studies have demonstrated the feasibilityfllmroscopy reduction using non
fluoroscopic mapping systems during ablation ofrauentricular tachycardia™® Very few
authors have focused on the complete eliminatiorfliadroscopy. To our knowledge, 4
studies reported zero-fluoroscopy AVNRT ablation dhildren in the great majority of
case§*.

Our goal was to eliminate fluoroscopy in the sloathpvay ablation procedure with the aid of
EA mapping systems and the use of cryoenergy taimlat high safety procedural profile. In
our pediatric population fluoroless cryoablationswiaasible in the 92% of the procedures.
Minimal fluoroscopy time was used in 2 patientsyold manage difficult progression of the
catheters along the venous system and in 2 casesrtibor RF delivery.

In our patient population either NavX or CARTO3 warsed as electroanatomic mapping
systems. In the literature, the non fluoroscopic lBApping system most widely used is the
NavX since it allows the real time visualizationadif the catheters including the cryocatheter.
No reports were found about the use of the CART#®Besn combined with cryoenergy since
cryoenergy delivering interferes with the systerh.isl important to note that, in our
experience, cryoablation with CARTO3 was feasifleis result was possible disconnecting
the ablation catheter during the cryo-applicatibew seconds are necessary to allow the
adherence of the cryocatheter to the heart tisBie.lack of the visualization during these
few seconds may be counterbalanced by the facthbadffect created by the cryo-mapping is

transient and reversible. Then, the repositionihthe catheter can be performed without any
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permanent unwanted consequences in case of ineffqusitioning. After few seconds, the
tip of the catheter is stuck to the endocardialasgr and its adherence to the tissue allows to
carry out the ablation procedure without the nekecdeal time catheter visualization. On the
other side, the CARTOS3 system has the disadvardégequiring a dedicated catheter for
mapping and another catheter for cryoablation, ntpkine procedure more expensive. After
this preliminary experience, in our laboratory, fvetocol of AVNRT ablation in children
employing the CARTO3 system has been changed.derdo reduce the procedural costs, a
Navistar catheter to perform the mapping and te gemn the atrium or from the ventricle is
used once the right atrium mapping is completedsuoh a way, the use of a diagnostic
ventricular or atrial catheter can be avoided, catlyithe cost of the procedure. Nevertheless,
in our experience, the use of NavX or CARTO 3 sysshowed comparable clinical results.
Literature reports acute success of AVNRT cryoatain children ranging from 75% to
100% with a recurrence rate up to Z7%" In our population acute success rate was 100%
without complications. A precise 3D EA reconstrantiof the RA may explain this high
success rate. In fact, the detailed location of i K®¢riangle combined with the use of slow
pathway potential as a target allowed us to tdilerablation upon specific patient’s anatomy.
In addition, we deem that the use of cryoenergpssified by the lower incidence of AV
block compared to AVNRT RF ablation in pediatric popuwati®*?3* even if a higher
recurrence rate is reported. It can be speculdtatithe detailed 3D EA reconstruction of
Koch’s triangle combined with the use of cryoenemggty account for the absence of any
acute and long-term complications in our study pain.

The overall long-term success rate using fluorotegsablation was 92% (24/26 procedures),
similar to the success rate for RF ablatiofi However, this result has been achieved

performing a second fluoroless cryoablation procedu 3 patients.
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Our recurrence rate with the use of cryoenergy medgte to the use of the 4 mm-tip
cryocatheter. Our choice was determined by idelaetas safe as possible in order to avoid
large lesions in pediatric patients. The resultsnfthe literature are conflicting about the use
of 4 mm versus 6 mm-tip catheter. In fact, a regeqter by Reents et’ateports that the use
of 4 mm versus 6 mm-tip catheter is not predicfoverecurrences. On the other side, Rivard
et af® reports a 2.5 fold increased risk of recurrenceth ihe use of the 4 mm-tip
cryocatheter. Chanani et*abbserve a lower recurrence rate with the use @féthmm-tip
catheter without reaching a statistical signifieanBased on the results seen in our study,

probably we may use a 6 mme-tip cryocatheter assadhoice in this cohort of patients.

In conclusion the present paper confirms that EApirag guided cryoablation of AVNRT in
children and adolescents may be performed withtudrdscopy in the great majority of
patients. Fluoroless slow-pathway cryoablation stubwa high efficacy and safety comparable
to conventional fluoroscopy guided procedures. Thresequent reduction or elimination of

exposure to ionizing radiation is likely to be Higkhalued, especially in children.

13



Table 1. Study population.

PT | AGE | SEX W%'g)HT STRUCTURAL HEART DISEASE fE’NNgIHC(Yn%LeE) ANTIARREY THMIC

1 14 M 45 Shprintzen-Goldberg Syndrome 250 b-blodiecainide

2 13 F 43 422 Ca2+antagonist

3 13 F 46 272 b-blocker, flecainide
4 15 M 50 300 b-blocker

b-blocker, amiodarone,
5 16 M 52 Left ventricular noncompaction 300 Ca2+antagonist, propafenone
flecainide

6 14 F 46 300 b-blocker

7 14 M 75 333 Ca2+antagonist

8 14 F 48 285 b-blocker

9 12 M 40 292 b-blocker

10 16 F 55 315 b-blocker

11 15 F 49 300 propafenone

12 16 F 61 260 flecainide

13 16 F 56 292 Ca2+antagonist

14 13 F 65 300 Ca2+antagonist

15 15 F 53 317 b-blocker

16 10 E 35 300 Ca2+antag‘;)igi)s)t(,inpreopafenone
17 15 M 53 300 b-blocker

18 12 M 72 272 b-blocker

19 13 M 42 300 b-blocker

20 7 F 32 300 b-blocker

21 13 M 45 260 Ca2+antagonist
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Table 2. Procedural parameters.

pr | PROCEDURAL | ELECTROANATOMIC P PHYSIOLOGY TARGET N°/TIME OF B e oo™ | FLUorROSCOPY
TIME (min) MAPPING SYSTEM BEFORE APPLICATIONS AFTER ABLATION TIME (sec)
ABLATION

1 60 CARTO3 Yes A (Post-s.) 1/8 min No 0
2 45 CARTO3 Yes S (Post-s.) 1/8 min Yes 0
3 45 NavX Yes S (Post-s.) 2/16 min Yes 0
4 65 CARTO3 No S (Mid-s.) 2/16 min No 0
5 60 NavX Yes A (Mid-s.) 3/24 min No 45
6 75 NavX Yes S (Post-s.) 2/16 min No 0
7 75 NavX Yes S (Mid-s.) 3/24 min Yes 0
8 90 CARTO3 Yes S (Post-s.) 2/16 min No 0
9 110 CARTO3 Yes S (Post-s.) 2/16 min No 0
10 60 CARTO3 Yes A (Mid-s.) 2/16 min No 50
11 75 NavX Yes S (Post-s.) 1/8 min No 0
12 60 CARTO3 Yes S (Post-s.) 2/16 min No 0
13 65 CARTO3 Yes S (Post-s.) 1/8 min No 0
14 55 NavX Yes S (Mid-s.) 2/16 min Yes 0
15 90 CARTO3 Yes S (Mid-s.) 1/8 min No 0
16 120 CARTO3 Yes S (Post-s.) 3/24 min No 0
17 60 NavX Yes S (Post-s.) 2/16 min No 0
18 60 NavX Yes S (Post-s) 1/8 min No 0
19 60 CARTO3 Yes S (Post-s) 2/8 min No 0
20 70 CARTO3 Yes S (Post-s) 2/8 min No 0
21 60 CARTO3 Yes S (Mid-s) 4/32 min Yes 0

A=Anatomical; S=Slow potential; Post-s.=Posterotakeplid-s.=Mid-septal
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Table 3. Redo procedures.

DUAL AV

DUAL AV
NODAL ° NODAL
PT P’?r?'\ACEEI(Dnl{:S)AL PHYSIOLOGY TARGET AIL\‘P/L‘II—ICMAEFIg'I:\JS PHYSIOLOGY FLl.J“ON'TEO(SSgCO)PY
BEFORE AFTER
ABLATION ABLATION
1 90 Yes A (Post-s.) 3/24 min Yes 0
3 110 Yes S (Post-s.) 2/16 min No 0
5 140 Yes A (Mid-s.) RF No 60
7 105 No S (Mid-s.) 3/24 min No 0
13 75 Yes S (Post-s.) RF No 60
A=Anatomical, S=Slow potential; Post-s.=Posterotakep

RF=radiofrequency.
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Figure 1. 3-D reconstruction of the right atrium usng CARTO3 and NavX mapping

systems.
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Figure legend:

Panels A, B and C: CARTOS right atrium reconstmcti

Panels D, E and F: NavX right atrium reconstruction

Panels A and D: Left Anterior Oblique view; PanBland E: Left Lateral view; Panels C and
F: Right Lateral view with a cutting plane allowitige visualization of the interatrial septum

and the triangle of Koch.

In every Panel (A, B, C, D, E, F) it is shown adgblar catheter in the His bundle region and
in the right ventricle, a multipolar catheter iretboronary sinus and the cryoablation catheter

(indicated by a white arrow) in the triangle of Koc

Tag points of interest in the triangle of Koch. His bundle recording in the anteroseptal area
of the tricuspid annulus; 2: site with the smalless bundle potential recording; 3: slow

pathway potential recording.

Panels G and I: endocavitary recordings from tigeptaints of interest in the triangle of Koch.
(A: atrial electrogram; V: ventricular electrograi; His bundle potential; black arrow

indicates slow pathway potential).
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