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Catecholaminergic Polymorphic Ventricular Tachycardia.
An Important Diagnosis in Children With Syncope and
Normal Heart
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Syncopein childrenisprimarily related to vagal hy-
perreactivity, but ventricular tachycardia (VT) way rarely
be seen. Catecholaminergic polymorphic VT isarareentity
that can occur in children without heart disease and with a
normal QT interval, which may cause syncope and sudden
cardiac death. Inthisreport, we describethe clinical fea-
tures, treatment, and clinical follow-up of three children
with syncopeassociated with physical effort or emotionand
cathecolaminergic polymorphic VT. Symptoms were
controlled with beta-blockers, but one patient died sud-
denly in thefourth year of follow-up. Despitetherare oc-
currence, catecholaminergic polymorphic VT isan im-
portant cause of syncope and sudden death in children with
no identified heart disease and normal QT interval.

Syncopeinchildrenisprimarily rel atedtovagal hyper-
reactivity 2. Inthispopulation, ventricul ar tachycardia(VT)
israrely seen, and itsoccurrence is often related to conge-
nital cardiac abnormalities. Although ventricular tachyar-
rhythmiasin the absenceof structural heart disease are be-
nign, some arrhythmias must be clearly recognized aslife
threatening. Catecholaminergic polymorphicventricular ta-
chycardiaisarareentity that can occur in children without
heart diseaseandwithanormal QT interva, whichmay cau-
se syncope and sudden cardiac death *6. The purpose of
the present report isto describethe clinical features, treat-
ment, and clinical follow-up of children with syncopeand
catecholaminergic polymorphic ventricular tachycardia.

Between January 1989 and July 1999, three children
with syncopeand catecholaminergic polymorphicVT were
followedat thedivisionof clinical cardiac el ectrophysiology
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at S0 Paulo Hospital. Theclinical presentation, 12-lead
ECG pattern, 24-hour Holter monitoring, treadmill test
(Bruceprotocol), isoproterenol infusion, tilt-tabletest, echo-
cardiography, left ventricular angiography, and invasive
electrophysiol ogic study wereevaluated (tablel). Patients
weretreated withmedical therapy, and evaluated monthly in
the first 6 months and every two monthsin the first year.
Clinical evauation, Holter monitoring, treadmill testing, and
isoproterenol infusionwereperformed at each appoi ntment.

Case Reports

Casel- A 10-year-oldgirl experienced her first synco-
pe episode during emotional stress when she was seven
yearsold. She suffered many similar episodes thereafter,
whichwereawaystriggered by physical effort or emotion.
Her initial diagnosiswasepilepsy, and shewastreated with
barbiturates. Shewasreferredto our hospital after beingre-
suscitated from sudden cardiac death. During thediagnostic
eval uation, 24-hour Holter monitoring showed asequence
of isolated prematureventricular complexes, which degene-
rated into sustained polymorphic ventricular tachycardia
(bidirectional), leading to syncope and convulsive move-
ments with spontaneous recovery (figure 1). Treadmill
testing (Bruceprotocol) andisoproterenol infusionat incre-
asing doseswereabl eto reproduce sustained polymorphic
VT. Duringtreadmill testing, Holter monitoring, andisopro-
terenol infusion the first premature ventricular complex
(PVC) started when her heart rateexceeded 100-120 beats/
min, whichwerefollowed by bigeminy, coupled PVC, and
nonsustained VT. Syncope occurred only during Holter
monitoring (figure1).

After thediagnosisof catecholaminergic polymorphic
VT, propanol ol wasstarted, whichwaseffectiveinabolishing
episodes of syncope, aswell asventricular tachycardiaon
Holter monitoring, treadmill testing, and isoproterenol
infusion. Although the patient had remained asymptomatic
during follow-up, she experienced nonsustained poly-
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Table| —Laboratory and clinical follow-up of patientswith catecholaminergic polymorphic VT

Age Sex Basal QTc
Casel 10 F 54 380
Case 2 8 F 68 400
Case3 12 F 58 360

U wave
Presente

Presente

Presente

ECO
Normal

Normal

Normal

Iso/TT
Poly VT

Poly VT

Poly VT

PVS Clinical Follow-up
Not Induced Sudden death
48 months
Not Induced Asymptomatic
24 months
Poly VT Asymptomatic
8 months

Echo- echocardiogram; Iso- isoproterenol infusion; TT- treadmill test; Poly VT- polymorphic VT; PVS- programmed ventricular stimulation.
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Fig. 1 - Holter recording (V1 lead) during asyncopal episode and convulsion. Tracing shows polymorphic VT initiation preceded by iso

lated VEB and nonsustained VT.




Arq Bras Cardiol
2001; 76: 69-74.

morphic VT on Holter monitoring, probably related to her
increasing age, which shouldlead toanincreasein proprano-
lol doses. Shedied suddenly inthefourth year of follow-up
after having discontinued her outpatient visitsfor 8 months.

Case2- Aneight-year-old femal e patient wasreferred
to uswith ahistory of frequent near-syncope and three
syncope episodesin an 18-month period, which were al-
waysrelated to exerciseor emotion. Shehad beenfollowed-
up in another hospital with adiagnosis of vagal hyper-
reactivity, and wasoff drug therapy. Theclinical investiga-
tion showed induction of polymorphic VT when sinusta-
chycardiaachieved 120 beats/min during treadmill testing
and isoproterenol infusion. Short runs of supraventricular
tachycardiabetween polymorphic VT were also observed
(figure2). Thetilt-tabletest wasnegative.

Shehasbeen treated with nadol ol, and no further epi-
sodes of syncope have occurred. Serial exercisetestswere
performed, and no arrhythmiawasinduced.

Case3- A 12-year-old femalepatient wasreferred to
our institution because of several episodes of syncope
over thepreviousfiveyears. Shehad suffered four episodes
inthe prior 6 months. A familial history revealed sudden
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cardiac death of her brother at the age of 6. She had been
treated for epilepsy with carbamazepine. Her physical exami-
nation was unremarkable. Thetilt-table test was negative.
Polymorphic VT wasinduced during treadmill testing (Bru-
ceprotocol), Holter monitoring, andisoproterenol infusion,
and adiagnosisof catecholaminergic polymorphicVT was
made. Theelectrophysiol ogic study induced polymorphic
VT (figure3) by programmed ventricular stimulation, asso-
ciated withloss of consciousnessand need of el ectric defi-
brillation, which converted thearrhythmiato polymorphic
VT of lower frequency followed by spontaneoustermi-
nation (Figure 4). Treatment with nadol ol was successful,
and VT episodes were abolished in Holter monitoring,
treadmill testing, and isoproterenol infusion. After 8 mon-
thsof follow-up, polymorphic VT wasinduced only by iso-
proterenol infusion. However, the child has remained
asymptomatic during clinical follow-upwithout VT either
on Holter monitoring or treadmill testing.

Discussion
Despiteof therare occurrence, catecholaminergic po-

lymorphic VT isanimportant cause of syncopein children
with no identified heart disease and normal QT interval.
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Fig. 2- ECG recording duringisoproterenol infusion. Supraventricular tachycardiabetween episodes of polymorphicVT. LeadsV1to V6.
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Fig. 3- Programmed ventricul ar stimulation (S1-S1=500ms, S1-S2=250ms), inducing polymorphic VT during el ectrophysi ol ogi cal study with hemodynamic collapse. LeadsD1,

D2,V1,V6,andright ventricle.

Althoughthisarrhythmiahasbeen clearly defined for over
two decades?®, only 60 caseshave beenreportedinthelite-
rature. Syncopewasthemaost common symptom described.
Therefore, physiciansmust remember the possibility of ca-
techolaminergic polymorphic VT whenever syncope asso-
ciated with physical effort or emotion occursinyoung pati-
ents, especially whenthe QT interval isnormal.

Many cases such asthose reported in the present stu-
dy, in the absence of heart disease but with anormal QT
interval, may bemisdiagnosed asepilepsy. Inaseriesof 21
cases, Leenhardt et al ®reported that 50% of patients had
been previously treated as epileptics. In that study, acor-
rect diagnosiswasmade 24 monthsafter theonset of symp-
toms. The present study also demonstrated a significant
delay beforethecorrect diagnosis(meantimeof 38 months)
wasmade. Duetoitspotential |ethal outcome, suspicion of
catecholaminergic polymorphic VT in childrenwith physi-
cal and emotional syncopeismandatory.

Although the genetic and mol ecul ar substrate of cate-
cholaminergic polymorphic VT has not yet been defined,
thegenetic origin of thisarrhythmiaisconfirmed by familial
history of syncopeor sudden deathin 40% of cases®. Inour
study, oneof the 3 children had afamilial history of sudden
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cardiac death. Duetothelow penetranceof congenital long
QT syndrome’, itispossiblethat catecholaminergic poly-
morphicVT may beavariant of thisentity. Further research
using new technologiesis necessary to confirm thishypo-
thesis.

Thefeaturesin 12-lead ECG arenonspecific. Relative
sinusbradycardiaand thepresenceof U wavesaretheonly
characteristicfindingson ECG?.

Themechanismand el ectrophysiol ogical substratefor
catecholaminergic polymorphic VT has not been clearly
identified. Leenhardt et al ® suggested that triggered activity
may betheinvolved mechanism. Later, Nakagimaetal °using
monophasic action potential recordings before and during
pharmacological intervention (isoproterenol and beta-blo-
ckers) in one patient with catecholaminergic polymorphic
VT, haverelated that triggered activity dueto delay after de-
polarization wasprobably the el ectrophysiol ogical mecha-
nismresponsiblefor thisarrhythmia.

In our study, programmed ventricular stimulationin-
duced polymorphic VT inone patient. Horowitz et a °in-
duced Tor sadesde Pointes during programmed ventricular
stimulationin 19 of 21 patientswith structural heart disease
and previousepisodesof thisarrhythmia. Metabolic distur-




Arq Bras Cardiol
2001; 76: 69-74.

Leite et al
Cathecholaminergic polymorphic ventricular tachycardia

000

NI

vy

A\ t

P 2000

TTTPrTTT T T TP T P T TP T T T T TP R T T T T T e T T P TP T P T T I T T T T T T P T P P I P PP T P T T T T T T T P T P U P T P P TP T T T T T
, | ! | Lo ! hoo ! ko |

6000 8000

KR RAARARANAAN AN AR AR RN ARA AR AN AR AR AN AN AR ARRAARANARRRAAANRNAAANARANRNANANAAN

age3 Speed: 25 mm/sec Time: 00: 00: 38

Study #1 Protocol ¢#14 Frotocol Namse: SI

EPM-UNIFESF

Fig. 4—Samepatient asthat of figure 3: After electric defibrillation (300J), VT degenerated to VT withalower cyclelength.

bancesor reversible causesof polymorphicVT wereruled
out in that study. Although induction of tachyarrhythmias
by programmed ventricular stimulationwasnot frequently
reportedin catecholaminergic polymorphic VT, it might be
compatiblewiththe suggested triggered mechanism.

Beta-blockersarethetreatment of choicefor catecho-
laminergic polymorphicVT. Although no differencesexist
among variousagents, we and other authorshavepreferred
nadolol becauseof itsprolonged half-life. Dosesmust beti-
tratedto carefully prevent the heart ratefrom exceeding 130
beats per minute 8. Because in any situation patients are
usually growing up, doses must be adjusted by kg/weight.
Other antiarrhythmic drugs such asamiodaroneand class|
drugs have proved to beineffective®.

Classically, the success of treatment can be assessed
by the disappearance of symptoms and the absenceof VT
on Holter recordings and exercise tests*®. | soproterenol
infusion was also used in our patientsto reproduceincrea
sed adrenergic discharge. However, the value of thisme-
thod for eval uation of therapeutic efficacy isnot completely
defined. In patientswho achieved clinical therapy efficacy,
it was usual to observe PV C or even periods of nonsustai-
nedVT onclinical follow-up.

Sudden death can occur in 50% of the cases before
the age of 20 in patients not treated with beta-blockers®.
Four deaths have been reported among patients treated
with beta-blockers. In one case, the patient forgot to take
the drug on the day of the event. In another, the death oc-
curredinthe context of viral myocarditis, andintwo others
under nonspecific circumstances. Our patient wastaking
propranolol regularly, but wecould not confirmwhether she
took the medi cation on the day of death.

Becausebeta-blockersarehighly effectivein patients
with catecholaminergic polymorphicV T, nonmedical treat-
ment such asimplantable cardioverter defibrillationisnot
mandatory.

Conclusion

Although vagal hyperreactivity isamajor cause of
syncopein the pediatric population, catecholaminergic po-
lymorphic VT must beindividualized in children without
heart diseasebut withanormal QT interval, especially when
episodes of syncope arerelated to physical effort or emo-
tion. Delay indiagnosisand inadequatetherapy canleadto
sudden cardiac death.
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