Supraventricular tachycardia in children with normal heart (besides tachyardia associated with accessory pathway)                        서울의대 노정일

1. Classification of SVT (general)

A. AVN depend vs. AVN independent

CLASSIFICATION OF SUPRAVENTRICULAR TACHYCARDIAS
AV Node Independent                      AV Node Dependent
Sinus tachycardia                          AV node reentry
Appropriate, Inappropriate                  Slow-fast variant,  Fast-slow variant
Sinus node reentry
Atrial tachycardia                          AV reentrant
 Unifocal, Multifocal                          Orthodromic (concealed AP) 
Antidromic (manifest AP)
PJRT (concealed slowly conducting AP)
Atrial flutter                               Junctional tachycardia
Atrial fibrillation
B. Classification of atrial flutter and other regular atrial tachycardia by European Society of Cardiology and North American Society of Pacing and Electrophysiology (European Heart J 2001)

· Focal atrial tachycardia (due to automatic, triggered or microreentrant mechanism)

· Macroreentrant atrial tachycardia (including typical atrial flutter or other well characterized macroreentrant circuits in RA and LA)

· Others (because of inadequate understanding of mechanisms)

Atypical atrial flutter

Type II atrial flutter

Inappropriate sinus tachycardia

Reentrant sinus tachycardia

Fibrillatory condition

     C. Atrial flutter

Typical AFL (cavo-tricuspid isthmus dependent AFL)

   Usual ECG pattern ( counterclockwise reentry

   Unusual ECG pattern ( clockwise reentry

                           Lower loop reentry   

Atypical AFL (non-isthmus dependent AFL)

    Lesion macro-reentrant AT

    Non-incisional atypical RA flutter

Atypical LA flutter





2. Characteristics of pediatric SVT

A. General rule

Once resolved in early infancy, many go away of themselves. 

The majority of fetal tachycardias do not require prolonged therapy. (JACC 1994)
B. Multifocal AT (automatic?, similar to focal atrial fibrillation in adult?)

· ECG
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· Demographic data (n=21)
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· Attempted treatment
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· Duration of MAT
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C.  AET: focal due to either increased or abnormal automaticity or triggered activity (or micro-reentry?) 

· ECG

(1) distinctly visible P wave with an abnormal axis, (2) P waves at the onset of tachycardia similar to the morphology of subsequent P waves, (3) 2 degrees atrioventricular block without interruption of AAT, and (4) rate variability with a "warm-up" at initiation and a "cool-down" at termination
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· Origin

Origin can be estimated by analysis of P vector.

Positive or biphasic P wave ( RA origin       Positive P in V1 ( LA origin

Negative P wave in II, III, aVF ( caudal origin

Positive P wave in II, III, aVF ( cranial origin

Pacing in left pulmonary vein ( flat P in I, negative P in aVL, similar amplitude in II and III, notched P in II, longer duration of positivity in V1
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 Pacing in right pulmonary vein ( positive P in I (50 (V, flat P in aVL, low amplitude ratio of III/II (<0.8)

    Sites of origin cluster near the

mouths of the atrial appendages, 

the orifices of the pulmonary veins, 

and along the crista terminalis 

Multiple foci is possible

More ectopic foci in LA (7/12) than RA(2/12) in another report (Circulation,   1992) 

in another report (Circulation, 1992)

      Steps to identify the origin of ectopic beats
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              I, II, aVF                         aVR


           +          -                    +                -

   superior veins   inferior veins    tricuspid or septum    crista terminalis


       aVL                           V5-6

- or +/-     +                     +        -

left         right                tricuspid    septum

· Type

Repetitive monomorphic atrial tachycardia (( repetitive monomorphic ventricular tachyacrdia) (triggered activity?)

Focal site in pulmonary veins 

Differentiation

Induction   Overdrive

by PES     pacing       (-blockade    Ca blockade   Adenosine


Focal AT

 Automatic AT       no     transiently (   transiently (    no effect    transiently (
 Repetitive

 monomorphic AT   yes      stop/(          stop           stop         stop

Macroreentrant AT

 IART (+            yes      stop/(        no effect       no effect     no effect

 Incisional erentry)


· Features

4-6% of pediatric SVT

Unusual, potentially risky tachycardia resulting in LV dysfunction

Multiple foci, associated with cardiac abnormalities ( poor response

Respond poorly to antiarrhythmic drugs
Digitalis: ineffective in almost all cases

Combination of AAD 

    1/3 spontaneous resolution




Role of RFCA in AT

Authors    arrhythmias   case(n)   success rate  recurrence    Cx

    Walsh et al    ectopic        12        11/12        1/11         0

    Tracy et al    ectopic        10         8/10        2/8          0

    Kay et al      ectopic        11        11/11        2/11         0

    Lesh et al     ectopic        12        11/12        1/12   1 venous thrombosis

    Chen et al     ectopic         6         6/6          0/6          0

D.  JET

· ECG

a narrow QRS tachycardia with atrioventricular dissociation and a faster ventricular rate
· type

 congenital: <6months of age; FHx in 50%; mortality 35%

 acquired: immediately postoperative, transient 
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· origin: an automatic ectopic focus in the nodal conduction tissue above the bifurcation of the bundle of His
· Treatment

Conventional AADs ( JET continuing at slower rates in most patients
In most patients in whom medical treatment was successful, normal AV conduction was reestablished, with intermittent episodes of JET occurring when the sinus rate decreased.
Complete AV block can occur even in well-controlled cases
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Case No  Age Sex  FH  CCF (per min)  (per min) ~ SF treatment treatment Treatment response

1 6 weeks F + Severe 158 260 Poor  S,D A,D,S Normal function, VR 120/min
2 12 weeks M + Severe 142 272 Poor  Ver+CV Died

3 10 months ~ F Moderate 150 214 7% D AS SF 18%, VR 100/min

4 4 years F - - 100 140 25% s Normal function, VR 74/min
5 7 years M - - 90 180 25% s Normal function, VR 120/min
6 8 years M Shock 130 230 3% S,A Pacemaker  SF 10%, VR 80/min

A, amiodarone; AR, atrial rate; CCF, congestive cardiac failure; CV, cardioversion; D, digoxin; FH, family history; S, sotalol; SE, shortening fraction; Ver, verapamil;
VR, ventricular rate; -, absent; +, present.
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AM, amiodarone; DG, digoxin; EF, ejection fraction; FL, flecainide; JET, junctional ectopic tachycardia; PF, propafenone; SF, shortening fraction.




· high mortality in congenital JET 

progression into complete AV block (due to His bundle degeneration with fibroelastosis?, His-Purkinje cell tumors?)

proarrhythmic effects of AAD ?

E.  AVNRT

· Only 13–23% of SVT (11–13% of SVT in infants)

Electrophysiologic properties of the AV node may be age-dependent. The cycle length at which antegrade AV block occurs increases with age. However, there is no difference in the cycle length of retrograde VA block.
· Infant AVNRT: 

course and outcome of AVNRT diagnosed in the first year of life are generally benign,
a minority of patients have symptoms persisting beyond infancy 
Digoxin is of questionable benefit in long-term control
AVNRT often remains inducible in asymptomatic patients, although the significance of this finding remains to be determined by long-term follow-up.
Result of Tx

                               Digoxin (13)


 ASx, no additional Tx (5)      Sx, recurrence       Sx, recurrence

                             BB(6) or sotalol(1)     No additional Tx(1)

                             added/changed


aSx           further Tx

                                 No additional Tx

                                       (5)              (2)

F.  Atrial flutter in infancy

· Rare with typical flutter waves: atrial cycle length during flutter ranged from 135 to 180 ms (mean 149 ms; mean atrial rate 403 beats per minute
· Good prognosis

· May be associated with transient perinatal events (immune and nonimmune hydrops fetalis, pneumonia, anemia, low birth weight)

· Often spontaneously convert to sinus rhythm or responsive to transesophageal pacing or DC cardioversion

· Multiple recurrences in some

· Acute and chronic digoxin therapy is probably unnecessary in most cases
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Course of neonatal atrial flutter (DCC = direct current cardioversion; TVAOP = transvenous atrial overdrive pacing; Death = death due to a neurological cause)

· ECG





· Pharmacological Therapy of Atrial Flutter 
Termination                                    Ibutilide: 0.01mg/kg iv in 10 min                     Sotalol: 1mg/kg iv in 10 min                        Amiodarone 5mg/kg iv in 10 min 

Prevention of recurrence                                                                   preventing the initiating PACs            class IC, class III beta blocker             prolonging the atrial refractory period     class III

Ventricular rate control                          beta blocker, Ca blocker, digitalis, class III

3.  Sequences of pediatric SVT

· SCD/nonsudden CD

· Syncope/other hemodynamic disturbances

· Thromboembolism

· Tachycardia related CMP

· Atrial remodeling

4.  Remodeling (electrical(mechanical interaction, electrical(structural interaction)
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· Atrial tachycardia ( electrical remodeling ((( L-type Ca2+ current) + contractile remodeling + structural remodeling ( an atrial myopathy (impaired atrial systolic function, diastolic stiffness, altered atrial reservoir to conduit functions in the context of normal ventricular function)
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· Tachycardia-induced cardiomyopathy

Reversible form of heart failure characterized by LV dilatation that is usually reversible with normalization of heart rate

Pathophysiological alterations attributed to classical ventricular tachycardiomyopathy:  [image: image14.png]


-adrenergic desensitization and dysfunction of the sarcoplasmic reticulum 
 Result of ablation of atrial flutter



· Tachycardia CMP in children

[image: image15.png]Parient Sex Age at diagnosis Presentation Diagnosis Age at ablation

1 M 10 months CHF PJRT 17 months

2 F Antenatal Fetal hydrops ~ PJRT 2.5 months

3 F 1 month CHF PJRT 5 years

4 M 12 years CHF PJRT 12 years

5 M 5 months CHF PJRT 5 years 6 months
6 M 1 month CHF PJRT 4 years 10 months
7 F 7 years CHF FAT 7 years

8 F 1 month CHF PJRT 2.5 months

9 M Antenatal Tachycardia PJRT 2 months

CHEF, congestive heart failure; FAT, focal atrial tachycardia; PJRT, permanent junctional recipro-
cating tachycardia.





ECG of same patient at different time; features of Afib/Afl in C


The pulmonary veins are an important source of ectopic beats, initiating frequent paroxysms of atrial fibrillation. These foci respond to treatment with radio-frequency ablation. (NEJM 1998)
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A, The typical, common type of AFL. The flutter waves are negative in the inferior leads and positive in lead V1. B, The reverse typical flutter. The flutter waves are positive in the inferior leads and negative in lead V1.





Whereas electrical remodeling is `forgiving' and only plays a short-lasting role in the occurrence and perpetuation of AF, structural atrial remodeling may be less reversible. Conservation of the normal atrial size and architecture by preventing structural atrial remodeling due to AF and ventricular dysfunction seems of prime importance for the future management of AF. �





Main phenomena: shortening of the atrial action potential + loss of the physiological rate adaptation of the duration of the action potential





Incessant tachycardia-related CMP: LV dysfx ( cardiac enlargement            Reversible process with shorter recovery time in infants: LV fx ( cardiac size
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Median age 1.8m (mean 6.5m; 0d-7.3y)


Ass. Sx: respiratory (6), cardiovascular compromise (5), aSx (10)


Ventricular dysfunction on echo (4/15)





1) multiple (at least three) distinct P-wave morphologies; 2) irregular P-P intervals; 3) isoelectric baseline between P-waves; 4) ventricular rate >100 beats/min with varying AV conduction


( rapid atrial rates up to 400 beats/min and ventricular rates at 150 to 250 beats/min; markedly irregular ventricular rhythm ( pause, aberrancy, intervening sinus rhythm








self-limited and nonrecurring in many cases


mortality depends mainly on associated structural heart disease (24% vs. 4%)


normal heart WO Sx or W mild respiratory Sx ( normalized


no recurrence





treat underlying illness


ventricular dysfunction if present  with digoxin


Asx ( no AAD 


AADs such as amiodarone are reserved for symptomatic patients with persistent MAT.





�





Single AAD: ineffective


AMO ( BB: most effective


1/3: spontaneous resolution








Positive feedback-loops of atrial remodeling: ( L-type Ca2+ channels (primary cause for electrical and contractile remodeling) + Stretch of the atrial myocardium (loss of contractility + increase in compliance of the fibrillating atria) (stimulus for structural remodeling) ( electro-anatomical substrate of AF: enlarged atria allowing intra-atrial circuits of small size, due to a reduction in wavelength (shortening of refractoriness + slowing of conduction) and increased non-uniform tissue anisotropy (zig-zag conduction).
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Atrial remodeling caused by Afib/Afl (marked decreases in the right atrial APD during steady state pacing and extrastimulation) takes a considerable time to recover after cardioversion. It therefore seems desirable to counteract the process of atrial electrical remodeling caused by either AF or atrial flutter. This could be done by either preempting the process of electrical remodeling itself (potentially by calcium channel blockers or future molecular biologic interventions) or by prolonging the atrial action potential by class III drugs.
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Restoration of normal sinus rhythm by RFA in patients with chronic AFl and cardiomyopathy substantially improved LV function. Resolution of dilated cardiomyopathy occurred in the majority of patients. Tachycardia-induced cardiomyopathy may be a more common mechanism of LV dysfunction in patients with AFl than expected, and aggressive treatment of this arrhythmia should be considered. (JACC 1998)
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