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Syncope Is Common in ; Cardiac Causes Are Rare but Critical
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15–25%

Lifetime prevalence in youth

At least one episode before adulthood

Age 15

Peak age of onset

Peak incidence with female predominance

<5%

Cardiac etiologies

But carrying the highest mortality risk

Syncope causes 1–3% of pediatric ED visits

















Acute Cerebral Hypoperfusion Is the Final Common Pathway
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Three
Trigger

Mechanisms

Cerebral Hypoperfusion

The endpoint of every syncopal event

Brainstem & Cortex Fail

Loss of brainstem and cortical function with 
rapid recovery

Blood Pressure Falls

Blood pressure drops below the 
autoregulatory threshold

Three Trigger Mechanisms

Vasodilation, bradycardia, or low effective 
volume



A Four-Category Etiologic Framework for Pediatric Syncope
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Cerebral 
Hypoperfusion

All etiologies 
converge here

Reflex (Neurally Mediated)

VVS, POTS, situational, 
breath-holding spells

Cardiac Arrhythmic

LQTS, Brugada, CPVT, WPW, AV 
block — lethal, treatable

Structural / Hemodynamic

HCM, critical AS, AAOCA, 
PAH, post-op CHD

TLOC Mimics

Epilepsy, pseudosyncope, 
hypoglycemia



The Reflex (Neurally Mediated) Syncope Spectrum in Children
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Vasovagal (VVS)

VVS, POTS, situational 
reflexes, breath-
holding spells

POTS

Heart rate rises 
upright without BP 
drop; chronic daily 
dizziness

Situational Reflex

Cough, micturition, 
swallow, needle- or 
pain-provoked events

Breath-Holding

Cyanotic and pallid 
spells in infants and 
toddlers

Orthostatic Hypotension

Commonest benign 
cause; positive family 
history frequent



Pathophysiologic Cascade of Vasovagal Syncope

7

1

1. Upright 
Trigger

Venous pooling lowers 
central volume; 
sympathetic 
withdrawal follows

2

2. C-Fibers Fire

Vigorous contraction 
of the underfilled 
ventricle fires 
mechanoreceptors

3

3. Reflex Arc 
Fires

Central reflex shifts to 
vagal outflow with 
sympathetic 
withdrawal

4

4. 
Vasodepression

Hypotension plus 
bradycardia drop 
perfusion below 
threshold

5

5. Collapse & 
Recovery

Brief LOC with rapid 
recovery once supine 
restores flow



Pathophysiology of Neurally Mediated Syncope
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1

1 · Venous 
Pooling

Standing shifts 500-
800 mL of blood to 
splanchnic and leg 
vessels

2

2 · Reduced 
Return

Reduced preload; 
vigorous contraction 
of an underfilled 
ventricle

3

3 · Bezold-Jarisch

C-fiber afferents 
trigger vagal surge 
with sympathetic 
withdrawal

4

4 · 
Sympathovagal 
Shift
Bradycardia, 
vasodilation —
nausea, pallor, 
warmth prodrome

5

5 · 
Hypoperfusion

BP below 
autoregulatory 
threshold -> transient 
LOC



Arrhythmic Syncope: The Silent Threat of Sudden Death
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Long QT Syndrome

Repolarization abnormality; QTc >480 
ms; event with exertion, swimming, 
emotion or auditory triggers

Brugada Syndrome

Type 1 ST elevation V1–V3; fever 
unmasking; South-East Asian male 
predominance

CPVT

Normal resting ECG; adrenergic 
bidirectional/polymorphic VT; 
exertional syncope

WPW Pre-excitation

Short PR with delta wave; AF with 
rapid conduction risks ventricular 
fibrillation

Conduction Disease

Congenital AV block, post-operative 
heart block, sinus node dysfunction



Structural and Hemodynamic Cardiac Causes of Syncope in CHD
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1

Obstructive Lesions

Extreme LV outflow 

obstruction with exertion; 

systolic ejection murmur; also 

myocarditis and dilated 

cardiomyopathy

2

Coronary Anomalies 
(AAOCA)
Anomalous coronary origin 

with interarterial course 

compresses during exertion; a 

leading cause of SCD in young 

athletes

3

Pulmonary 
Hypertension
Elevated pulmonary vascular 

resistance limits exercise 

cardiac output; syncope is a 

poor prognostic sign

4

Post-Surgical CHD

Repaired tetralogy of Fallot 

with pulmonary regurgitation 

or ventricular tachycardia; 

Fontan circulation with limited 

reserve; conduit obstruction



Critical Differential: Convulsive Syncope vs. True Epilepsy
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Convulsive Syncope

Prodrome: lightheadedness, visual graying, warmth — vagal 
signs

Trigger: upright posture, emotional stress, or painful 
stimulus

Duration: brief (<30 s) LOC with a few myoclonic jerks

Postictal: rapid, clear recovery without confusion

Incontinence and tongue biting rare; EEG normal

True Epilepsy

Prodrome: aura, déjà vu, or none — sudden onset

Trigger: usually none; may occur supine or asleep

Duration: typically >1 minute with tonic-clonic activity

Postictal: prolonged confusion, headache, sleepiness

Incontinence and tongue biting common; EEG may show 
epileptiform discharges

Upright trigger with rapid recovery favors convulsive syncope — do not stop at an epilepsy label.



Risk-Stratification Matrix: Red Flags Mandating Cardiac Workup

11

High-Risk Events

Syncope during exertion; syncope while supine 
or asleep — presume cardiac until proven 
otherwise

Unheralded Onset
No prodrome or sudden LOC; palpitations 
immediately preceding collapse — arrhythmic 
signature

Family History

SCD <40y in family; inherited channelopathy or 
cardiomyopathy; congenital deafness with LQTS

Exam & ECG Findings

Abnormal ECG, murmur, chest pain with 
exercise, known CHD — proceed to echo and 
specialist referral

Event characteristics
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12-Lead ECG: The Cornerstone Class I Test in Pediatric Syncope
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The Cornerstone Test

Cheap, universal, and the highest-

yield test — a Class I indication in 

every patient with syncope. It 

screens channelopathies, pre-

excitation, and conduction disease.

01
QTc >460–480 ms

Bazett or Hodges formula; repeat when borderline QTc = QT + 1.75 × (HR - 60), 

02
Delta Wave / Short PR

Short PR with wide QRS in any lead

03
Brugada Type 1 Pattern

Coved ST elevation V1–V3 in right precordial leads

04
T-Wave Inversion

T-wave inversion V1–V3 suggests arrhythmogenic cardiomyopathy



Lethal Channelopathies on ECG: LQTS, Brugada, CPVT
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LQTS & CPVT

QTc >460 ms (girls) / >450 ms (boys); notched T 
waves

LQT1: exertion/swimming; LQT2: 
auditory/startle; LQT3: sleep
Genotype-specific beta-blockers; nadolol often 
preferred in children
CPVT (Catecholaminergic polymorphic V. tach) : 
normal resting ECG, exercise-induced 
bidirectional VT
CPVT: nadolol/propranolol ± flecainide; ICD 
reserved for refractory cases

Brugada & Diagnostic Pitfalls

Coved type 1 ST elevation in V1–V3; unmasked 
by fever

Type 2 pattern requires fever/drug challenge for 
confirmation
Beware sinus bradycardia of athletes masking QT 
measurement errors

Family screening cascade once a channelopathy 
is identified

Shared decision-making for ICD in survivors of 
cardiac arrest



WPW, ACM, and Conduction Disease: Key ECG Markers
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WPW Pre-excitation

Short PR (<120 ms) with delta 

wave and wide QRS; risk of AF 

with rapid conduction and 

ventricular fibrillation in a 

minority

Arrhythmogenic Cardiomyopathy 
(ACM)

Epsilon waves, prolonged 

terminal activation, T-wave 

inversion V1–V3; PVCs of left 

bundle morphology

Conduction Disease

Congenital complete AV block with 

wide QRS escape, prolonged QT, or 

ventricular dysfunction → 

pacemaker; post-operative heart 

block after CHD repair



First-Line Evaluation: The Detailed History
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Circumstances

First episode timing, 
posture, activity, and 
environment at onset

Prodromes

Nausea, warmth, 
pallor, visual graying 
before the event

Trigger Analysis

Pain, fear, emotional 
stress, prolonged 
standing, crowded 
heat

Recovery Phase

Rapid spontaneous 
recovery without 
postictal confusion

Episode Count

Number of episodes, 
situational patterns, 
prior evaluations

Diagnostic Yield >50%

History alone 
establishes the cause 
in over 50% of cases



Family History: Sudden Cardiac Death Screening
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01
SCD < 50 Years

Unexplained SCD in relatives under 50: sleep, exercise, or no cause

02
Inherited Disease
LQTS, Brugada, CPVT, HCM, or ACM in the extended pedigree

03 Concealed Events
Unexplained drownings, crashes, or sudden infant deaths at home

04 Devices & Pseudo-Epilepsy
Pacemaker or ICD in a parent before 50; resistant 'epilepsy' in family

05
Genetic Workup

Genetic testing when family SCD, long QT, or CPVT is suspected



Targeted Physical & Neurological Examination
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General & Cardiac Exam

Growth, nutrition, and syndromic 
appearance

Dysmorphology and Marfan stigmata: arm 
span, joints, pectus
Skin color, perfusion, central cyanosis

Precordial auscultation: murmurs, clicks, 
gallops

Orthostatic & Neuro Exam

Orthostatic BP: supine, then 3 minutes 
standing
Abnormal: >=30 mmHg systolic or >=10 
mmHg diastolic drop

Focused neurological exam: tone, reflexes, 
gait

Vital signs: baseline heart rate and rhythm



Differential Diagnosis: Syncope vs Mimics
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Breath-HoldingPseudosyncopeEpilepsySyncopeDiscriminator

Crying, angerAudience, conflictFever, photicUpright, pain, heatTrigger

Under 1 minuteProlonged1-3 minutesSecondsDuration

None; pallidAsynchronous thrashingTonic-clonicBrief myoclonic jerksMotor activity

RareRareCommonUncommonIncontinence

Rapid recoveryRapid recoverySlow, confusedRapid recoveryPost-event state

Clinical; EEG if atypicalPsychological evaluationEEG, brain MRI12-lead ECGFirst test



Diagnostic Tier 1

Mandatory 12-Lead ECG Analysis: Core Parameters

Core parameters and pathological cutoffs for pediatric screening
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01 Heart Rate: Persistent resting bradycardia (<50 bpm) or unexplained tachycardia warrants evaluation.

02 PR Interval: Normal 0.10–0.20 s; PR >0.20 s = first-degree AV block; PR <0.10 s suggests pre-excitation.

03 QRS Duration: Normal ≤0.10 s; QRS >0.12 s indicates bundle branch block or ventricular conduction delay.

04 QTc (Bazett): Abnormal if >440 ms (males), >460 ms (females), or <340 ms (short QT).



Electrical Disorders

ECG Channelopathies & Inherited Arrhythmias

Primary channelopathies, accessory pathways, and cardiomyopathy markers
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Long QT: LQT1 — broad T on exertion; LQT2 — bifid T on auditory 
trigger; LQT3 — late T at rest.

Brugada: Coved ST elevation ≥2 mm in V1–V3 (Type 1); Types 2/3 
show saddle-back morphology.

WPW: Short PR (<120 ms), delta wave, widened QRS; risk of pre-
excited SVT/AF.

ARVC: Epsilon wave at terminal QRS, localized delay in V1–V3, T-
wave inversion.



Risk Stratification

High-Risk Red Flags & ER Admission Criteria

Clinical features mandating emergent hospital admission and cardiac workup
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High-Risk Clinical Red Flags

Syncope during moderate-to-severe physical exertion or 
swimming
Sudden collapse with zero prodromal warning or aura

Syncope occurring in supine position or during sleep

Family history of early sudden unexplained death (<50 
years)
Known structural congenital heart disease or 
cardiomyopathy

ER Admission & Workup Mandate

Immediate emergency department transfer and telemetry 
admission
Continuous 12-lead ECG monitoring and urgent pediatric 
cardiology consult
Immediate transthoracic echocardiography for structural 
evaluation
Exercise stress testing and advanced 
genetic/electrophysiology review
Avoid discharge until lethal cardiac etiology is definitively 
ruled out



Diagnostic Tier 2

Echocardiography: Targeted Use, Not Routine Screening

13

1

Indications for Echo

Suspect structural disease: exertional or 

supine syncope, no prodrome, murmur, 

known CHD, family history of 

cardiomyopathy/SCD, or abnormal ECG.

2

Routine Echo Not Recommended

Typical vasovagal presentation with normal 

exam and ECG gains no diagnostic value; 

routine echo raises cost, anxiety, and 

downstream over-testing.



Advanced Diagnostic Workup: Monitoring, Exercise & Tilt Testing
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1

1. History + ECG

History, red-flag 
screen, and 12-
lead ECG 
complete the first 
pass

2

2. 
Echocardiography

Class I when structural 
disease, exertional 
syncope, or abnormal 
murmur is suspected

3

3. Exercise Test

Class I for exertional 
syncope —
reproduces 
catecholamine-driven 
arrhythmias (CPVT, 
HCM, AAOCA)

4

4. Rhythm 
Monitoring

Holter for daily 
events; patch or 
external loop 
recorder for weekly-
to-monthly events

5

5. ILR if Rare 
Events

Implantable loop 
recorder for rare, 
unexplained, 
suspected 
arrhythmic events



Long-Term Rhythm Monitoring: Matching the Device to Event Frequency
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Best Suited ForDiagnostic YieldEvent FrequencyDevice

Frequent palpitationsLowDaily events24–48 h Holter

Weekly-monthly eventsModerateWeekly eventsPatch monitor (14–30 d)

Infrequent presyncopeGoodMonthly eventsExternal loop recorder

Unexplained syncopeHighestRare events (1–2/y)Implantable loop recorder

Match the monitoring window to the interval between events — a 24-hour Holter will almost never capture a monthly event.





Rhythm Monitoring Depth, Exercise Testing & Tilt: Yields and Limits
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1

Holter: Low Yield

Yield <10% in 
unselected pediatric 
syncope — reserve 
for daily suspected 
arrhythmia

2

Patch / Loop 
Recorder

Better correlation; 
patches capture 
90%+ of weekly 
events

3

ILR: Highest 
Yield

Highest yield in 
unexplained syncope 
with suspected 
arrhythmia; 2–3 years 
of coverage

4

Exercise Test

Essential for 
exertional syncope; 
reproduces CPVT, 
HCM, and coronary 
compression

5

Tilt Test: Limited

Selective role in 
pediatrics; not 
needed to confirm 
classic vasovagal 
presentations





ED Triage: Admission Red Flags vs. Safe Discharge Pathway
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Admit / Cardiac Workup
Exertional/supine syncope, no 
prodrome, palpitations, abnormal ECG 
or murmur, family history of SCD <40y

Safe Discharge
Typical vasovagal history, normal ECG 
and exam, no red flags

Emergent Measures

Ongoing chest pain, abnormal vital signs, 
or unstable arrhythmia

Discharge Counseling
Hydration, salt, counter-pressure 
maneuvers, review triggering 
medications





Evidence-Based Management: Lifestyle vs. Targeted Therapy
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Reflex Syncope: Lifestyle First

Education and reassurance — the majority need nothing 
more

Aggressive hydration and liberalized salt intake

Counter-pressure maneuvers at the prodrome

Supine positioning at symptom onset prevents injury

Beta-blockers NOT routine (Class III)

Cardiac Syncope: Targeted Therapy

LQTS/CPVT: beta-blockers ± flecainide; ICD if high risk

Brugada: fever avoidance; quinidine or ICD if high risk

WPW with syncope: EP study and catheter ablation

AV block: pacemaker implantation

Structural disease: treat the lesion directly

Reassurance and volume expansion for the benign majority; targeted rhythm therapy for the lethal minority.









Clinical Types: Red Flags in Action
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1

Type 1: Exertional Syncope

Boy, 15 — faints during 

basketball, no prodrome.  

ECG: QTc 510 ms. Sibling died 

suddenly at 19. → Presume 

LQTS; beta-blocker, screen 

relatives.

2

Type 2: Prolonged Standing

Girl, 14 — faints standing in a 

hot classroom, prodrome of 

graying vision. ECG normal. → 

Classic vasovagal; hydration, 

salt, maneuvers, reassurance.

3

Type 3: Post-Operative CHD

Child, 12 — repaired tetralogy 

of Fallot, syncope while 

running with palpitations. 

Holter: sustained VT. → Admit; 

EP referral for ablation.



Every Child With Syncope Deserves a 12-Lead 
ECG

History, red flags, ECG — every child.







Conclusion
•The challenges in managing pediatric syncope primarily 
involve confirming a definitive diagnosis. 
•Once a diagnosis is established, the next hurdle is 
obtaining consent from both the patient and their parents 
for follow-up care that focuses on lifestyle 
recommendations rather than a prescription for 
medication.




