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Epidemiology



Epidemiology and pathophysiology of arrhythmias in structurally normal heart
• The prevalence of supraventricular arrhythmia (SVA) is2,25/1000 people with an annual incidence in children <19 years of age of 13/100.000
• In infancy, SVT results predominantly from accessorypathways, followed by a small number of cases of ectopicatrial tachycardia
• In teenage life, there is a significant increase in theprevalence of atrioventricular nodal reentry tachycardia(AVNRT), particularly in females
• Ventricular tachycardia (VT) is rare in children,representing only 1.8% of undergoing EPS. It is typicallyassociated with a structurally normal heart, althoughchildren presenting with VT require careful evaluation forearly manifestations of underlying cardiac disease



Supraventricular arrhythmias



Atrioventricular nodal re-entrant tachycardia (AVNRT)
• The most common mechanism of AVNRTin children is anterograde slow pathwayactivation followed by retrogradeactivation of the atria via the fast pathway(slow–fast) and anterograde ventricularactivation occurring shortly after via theHis–Purkinje system.
• In the less common atypical AVNRT(fast–slow) the circuit is reversed, andearliest atrial activation seen in the lowright atrium, producing a long RPtachycardia on the surface ECG with aninverted P-wave shortly before thefollowing QRS complex



12 leads ECG of an AVNRT



12 leads ECG findings in AVNRT



Electrophysiology study in AVNRT
Classification of AVNRT Types

AH/HA VA (His) Usual ERAA
TypicalAVNRT Slow-fast >1 <60ms RHis, CS os,LHis

AtypicalAVNRT
Fast-slow <1 >60ms CS os, LRAS,dCS
Slow-slow >1 >60ms CS os, dCS

VA indicates interval measured from the onset of ventricular activation on surface ECG to the earliest deflection of the atrial activation in the Hisbundle electrogram; ERAA, earliest retrograde atrial activation; RHis, His bundle electrogram recorded from the right septum; LHis, His bundleelectrogram recorded from the left septum; LRAS, low right atrial septum; CS os, ostium of the coronary sinus; and dCS, distal coronary sinus





Decremental
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AVNRT: Pacing ad his refrattario



Junctional beat during RF



Atrioventricular reentry tachycardia (AVRT)
• Atrioventricular reentry tachycardia (AVRT) isinduced by a muscular accessory pathwayspanning the fibrous AV junction and providingcontinuity between atrial and ventricularmyocardium, at a site electrophysiologicallydistinct from the AV node and proximalHis–Purkinje system.
• Such connections have been described in thedeveloping human heart, normally regressingby 20 weeks gestation. However, spontaneousregression of pathway function in infancy iswell documented, although in what proportionof patients symptoms redevelop later in liferemains uncertain.



12 leads ECG manifest accessory pathway features
• When equipped with antegrade conduction, theaccessory pathways manifest themselves on thesurface ECG with particular signs:o Short PR interval (< 120 msec)o Initial kneading of the QRS complex (delta wave)o Enlargement of the QRS complex (> 120 msec)
• The occult accessory pathways have only theretroconduction property.
• The non-manifest accessory pathways arecharacterized by electrophysiological properties ofanteroconduction inferior to those of the normalHissian conduction system, such that in basalconditions they are not visible.



12 leads ECG in orthodromic AVRT

• Regular rythm• Narrow QRS complexes• Inverted P waves with an RPinterval usually <50% of thetachycardia RR interval• Constant RP intervalregardless of the tachycardiacycle length



12 leads ECG in antidromic AVRT

• Regular rythm• Wide QRS complexes• Inverted P waves with an RPinterval usually >50% of thetachycardia RR interval• Constant RP intervalregardless of the tachycardiacycle length



Intracardiac ECG during EP study



Exclusion of ANVRT



The St George’s algorithm for the localization of accessory pathways

Localization of accessory pathways in AVRT



Localization of accessory pathways in the presence of maximum(spontaneous or evoked) pre-excitation



This article originally appeared in TheAmerican Heart Journal in volume 5,issue 6, August 1930, pgs. 685–704



• Prevalence of asymptomatic WPW: 0.1% - 0.3 %;
• In pediatric patients with asymptomatic WPW, the incidence of SCD is reported tobe between 0.0012 and 0.6%/year
• Most studies report a very low incidence of SCD, which seems to be lower inchildhood than in adulthood

© 2012 Pediatric and Congenital Electrophysiology Society and the Heart Rhythm Society



In a large retrospective seriesof 690 WPW patients, 15(2,2%) had aborted suddendeath, and in 8 of them (0,50%)VF was the first clinicalmanifestation of the syndrome



In an 8-year prospective registryof 550 initially asymptomaticsubjects, ventricular fibrillationdeveloped in 2.4% andmalignant arrhythmias in 8.7%,primarily in patients withaccessory pathway anterograderefractory period, 240 ms andAV re-entrant tachycardiainitiating AF



Invasive risk stratification in asymptomatic patients
• The measurement of SPERRI during AF induction• Anterograde and retrograde AV characteristics• The anterograde effective refractory period of the AP (APERP)• The number and location of AP

• A SPERRI IN AF ≤ 250ms OR AND APERP OF ≤ 250ms ARE CRITICAL VALUES



Recommendations for young asymptomatic patients (8–21years) with WPW ECG pattern
• Utilization of invasive risk stratification (transesophageal or intracardiac) toassess SPERRI (IIA B/C);
• Patients at higher risk of SCD (SPERRI ≦ 250 msec) consider catheter ablation(IIA B/C);
• Patients at lower risk (SPERRI > 250) msec consider to defer CA if the ablationmay incur an increased risk of adverse events (II B/C);
• If the patients develop cardiovascular symptoms may be eligible to CA

© 2012 Pediatric and Congenital Electrophysiology Society and the Heart Rhythm Society.
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• One in five pts will develop anarrhythmia• AVRT 80 %;• AF 20-30%;• The risk of cardiac arrest/FV hasbeen estimated at 2.4 per 1000person years



Clinical ad electrophysiological features associated with riskof SCD
• Younger age;
• Inducibility of AV-reciprocating tachycardia during EPS;
• Multiple APs;
• SPERRI≦ 250 msec;
• ERP of AP≦ 250 msec

IN THE BASELINE STATE OR DURING ISOPROTERENOL INFUSION





Intermittent loss of pre-excitation: • has been associated with longer ERPs;• One fifth of pts have AP ERPs≦ 250 ms;

Low-risk features



Catheter ablation of Aps inthe anteroseptal or mid-septal regionis associated with small riskof AV Block



In the CASPED retrospectivemulticenter study, involving 182children and adolescents withasymptomaticpre-excitation, catheter ablationachieved a 91% success ratewithout significant complication



Recommendations for themanagement of patients withasymptomatic pre-excitation

Catheter ablation isassociated with highcure (>95%) and lowrisk of majorcomplication (<0,5%)



Criteria of succesful ablationsites

during anterograde activation mapping
and additional criteriaduringretrograde activation mapping



NVRT: catheter ablation

Retrograde ablation of left side AP, RAO Ablation of right side AP





Electrophysiology study of atrioventricular arrhythmias



Baseline ecg

















Insertable Cardiac Monitorsin children







Recommendation-specific supportive text



Ventricular arrhythmias



Premature Ventricular Complexes (PVCs)
• PVCs are a common finding in pediatric patients ofall ages and may be seen on a Holter monitor inabout 40 percent of healthy children. When PVCsare rare, isolated and monomorphic, they usuallydo not require extensive evaluation in a healthychild and have an excellent prognosis.• However, when the PVC burden is more frequentor more complex it necessitates further work-upand possibly longitudinal follow-up.• With frequent ectopy (generally defined as ≥ 10percent of beats in a 24-hour period), there is a riskof developing ventricular dysfunction even in anormal heart: in most studies, 20 to 30 percentectopy is needed to increase the risk of ventriculardysfunction over time.



Outflow tract ventricular tachycardiaVentricular arrhythmias in the absence of structural heartdisease



Outflow tract ventricular tachycardiaVentricular arrhythmias in the absence of structural heartdisease



Killu AM, Stevenson WG. Heart 2018;0:1–12. doi:10.1136/heartjnl-2017-311590

Outflow tract ventricular tachycardiaVentricular arrhythmias in the absence of structural heartdisease



Outflow tract ventricular tachycardiaVentricular arrhythmias in the absence of structural heartdisease



PVCs from the mitral anulus: identification and electrophysiological aspects



Outflow tract ventricular tachycardiaVentricular arrhythmias in the absence of structural heartdisease



PVCs from the tricuspid anulus:identification and electrophysiological aspects



The effect of vertical displacement of V1 andV2on the PVC morphology



RVOT and Aortic rootfocus



Peri-tricuspid focus



Ventricular arrhythmias (Vas)
• Ventricular tachycardia (VT) is rare in children representing only 1.8% of childrenundergoing EPS• Ventricular tachycardia is well described in infancy, and although symptoms areless common compared to older children (22 vs. 34%), and may be incessantleading to ventricular dysfunction• Few data are available regarding the invasive VA treatment with catheterablation



Most common Vas in children
• Ventricular outflow tract ventricular tachycardia (RVOT, LVOT)

• Fascicular ventricular tachycardia
• Ventricular tachycardia in the setting of inherited channelopathies(QT long, Brugada ...)





Schematic representation of theRVOT



Anatomical relationship between RVOT andLVOT
Ventricular arrhythmias in the absence of structural heartdisease



Basal condition ECG: LBB-upper axis extrasystole; likely peritricuspidfocus. There are no ECG signs of ARVD in RS complexes.



RV bipolar voltage mapSite of earliest endocardialactivation (RV basal lateralinferior free wall)



Final result





Study type
• Single tertiary referral center (San Raffaele Hospital, Milan,

Italy)
• Experimental Prospective study
• Enrollement period: July 2021 - January 2021Aim of the study
Describe the clinical presentation, procedural characteristicsand outcomes in pediatric patients undergoing CA for VAs.

Etiology as a predictor of recurrence aftercatheter ablation of VAs in paediatricpatients



Methods: Study population
STUDY POPULATION:
Patients undergoing catheter ablation for Ventricular Tachycardia(VT) and Premature Ventricular Beats (PVBs) between July 2010 andJanuary 2019 were enrolled and prospectively followed-up.
INCLUSION CRITERIA:
• Age less than 18 years at diagnosis• ECG documentation of at least 1 VA episode• At least 1 catheter ablation of VA in our Hospital

Etiology as a predictor of recurrence aftercatheter ablation of VAs in paediatricpatients



STUDY POPULATION:
Ninety-five procedures were performed in 81 patients, 52 (55%) PVBs and43 (45%) VT ablations. During a follow-up of 35.0 months (IQR: 13.0-71.0),14 patients (14.7%) had a VA recurrence: 11 (33.3%) patients treated withCA for VT and 3 (6.2%) patient treated for PVBs (p<0.001).
One patient (1%) died 26 months after the procedure during an electricalstorm.

Results: Population
Etiology as a predictor of recurrence aftercatheter ablation of VAs in paediatricpatients



Results: Patients’ baseline characteristics
Etiology as a predictor of recurrence aftercatheter ablation of VAs in paediatricpatients



Results: Procedural charateristics
Etiology as a predictor of recurrence aftercatheter ablation of VAs in paediatricpatients



Results: Clinical characteristics of patients with and without ventriculararrhythmias recurrence

Etiology as a predictor of recurrence aftercatheter ablation of VAs in paediatricpatients



Results: Kaplan-Meier curve of survival free from VAs recurrence byetiology

Etiology as a predictor of recurrence after catheterablation of VAs in paediatric patients



Results: Kaplan-Meier curve of survival free from VA recurrence in patientsundergoing for premature ventricular beats and ventricular tachycardia ablation

Etiology as a predictor of recurrence after catheterablation of VAs in paediatric patients



Patients treated with CA for VT had higher VA recurrence rate, ascompared with PVB patients (Pairwise Log-Rank p=0.002).At Cox multivariate analysis only SHD was an independent predictorof VAs recurrence (HR=5.56, CI 95% 2.68 -11.54, p<0.001).

Results
Etiology as a predictor of recurrence aftercatheter ablation of VAs in paediatricpatients



• Catheter ablation in pediatric patients is an effectiveprocedure, with low recurrence rate during the follow-up(mortality of 1% during fup)
• Patients treated with CA for VT had higher VA recurrence rate,as compared with PVB patients (Pairwise Log-Rank p=0.002)
• The SHD appeared as the main independent predictor of VArecurrence at the multivariate analysis (HR=5.56, CI 95% 2.68 -11.54, p<0.001)

Etiology as a predictor of recurrence aftercatheter ablation of VAs in paediatricpatientsMain findings



Killu AM, Stevenson WG. Heart 2018;0:1–12. doi:10.1136/heartjnl-2017-311590

Ventricular arrhythmias in the absence ofstructural heart disease
Classification of ventricular tachycardia in the absence of structural heartdisease
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Mechanisms of ventricular arrhythmias

Ventricular arrhythmias in the absence ofstructural heart disease
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Ventricular arrhythmias in the absence ofstructural heart disease
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Outflow tract ventricular tachycardiaVentricular arrhythmias in the absence of structural heartdisease



12 EKG pace maps from sites 1 to 3 along theseptum and free-wall aspects of the RVOT
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Papillary muscle premature ventricularcomplex (PVC)
Ventricular arrhythmias in the absence of structural heartdisease
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Fascicular tachycardiaVentricular arrhythmias in the absence of structural heartdisease
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ECG examples of inherited arrhythmia syndromesVentricular arrhythmias in the absence of structural heartdisease
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ECG examples of inherited arrhythmia syndromesVentricular arrhythmias in the absence of structural heartdisease
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SummaryVentricular arrhythmias in the absence of structural heartdisease
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TAKE HOME MESSAGE
Catheter ablation of ventricular arrhythmias is useful andeffective in a pediatric population. Idiopathic and fascicularVAs have lower recurrence rates when compared with VAassociated with cardiomyopathies


