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Syncope isa heterogeneous syndrome with complex underlying
mechanisms, hence, the spectrum of patients presenting with
syncope is broad. The diagnosis of syncope begins with history
taking, and an accurate diagnosis can be established through
correct history taking and interpretation. Building and interpre-
ting patient history are the main factors that cause a diagnostic
yield gap between experts and nonexperts. The most frequent
source of error is a clinician’s misconception rather than an
inaccurate account of patient symptoms. Clinicians can have
several diagnostic pitfalls while evaluating patient history, which
can be avoided by in-depth understanding of the link between
syncope pathophysiology and clinical clues. Furthermore, clini-
cians need to understand the clinical features of diseases that
require differentiation from syncope, such as seizures. The use
of confusing terms is one of the barriers that prevents accurate
diagnosis and communication between doctors and patients.
In this review, we address the terms of syncope and its essential
history-taking components in connection with the mechanism
of syncope.
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Key message

An accurate diagnosis depends on correct history taking and
its interpretation. An in-depth understanding of the symptoms
of syncope in connection with its pathophysiology can lead
to avoiding critical pitfalls in the diagnostic process of history
taking.

Introduction

Syncope is categorized as a nontraumatic transient loss of
consciousness (TLOC), which includes seizures (epileptic or
non-epileptic) and a miscellaneous group of rare causes (Fig.
1).D It is a heterogeneous syndrome that is classified into three
subgroups (reflex, cardiac, and orthostatic hypotension [OH]
syncope) according to the underlying pathophysiology and

risk.? Distinguishing between syncopal and nonsyncopal TLOC
(particularly seizures) and elucidating their pathophysiology is
crucial for managing syncope.

History taking is crucial to an accurate diagnosis and should
begin by answering the question “Is it a syncopal episode or
not?” If a TLOC with rapid onset and short duration occurs
and the patient recovers completely without sequelae that
are accompanied by loss of postural tone, the episode is likely
syncope.”? However, a detailed history-taking is necessary to
diagnose syncope and determine its possible etiology. The initial
evaluation of suspected syncope consists of a careful history
taking, physical examination, and electrocardiography (ECG).?
A diagnosis using initial examination differs between expert
(~85%) and nonexpert (60%-70%) physicians owing to
history taking as a main factor.>> Agreement between clinicians
regarding the interpretation of the written history of patients
with TLOC is surprisingly low.®) The misconceptions held by
clinicians might be the most frequent source of error rather than
symptom reporting inaccuracy by patients or their caregivers.?
On the other hand, a study that analyzed the diagnostic value of a
comprehensive questionnaire revealed that systematic interpre-
tation of patient-reported symptoms alone could be used to
classify seizures and syncope at 91% accuracy.” Confused terms
related to syncope and different criteria also significantly affect the
diagnosis.¥ Hence, to properly diagnose syncope, it is essential
to understand it in detail by linking its symptoms with circuitry
physiology and considering the clinical presentation of other
causes of TLOC while using accurate terminology.

This review addresses TLOC classification and terminologies
specifically associated with syncope. The present authors discuss
the essential questions that clinical history must answer and list
the pitfalls and pearls of the awareness of history-taking.

Syncope terms and classification

The definitions of the relevant terms are summarized in Table
1.” Syncope is classified as reflex, cardiogenic, or OH based on
its pathophysiology, presentation, and risk."
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Pearls

Pitfalls

Initial orthostatic hypotension is common in pediatric
syncope.

(Classic) orthostatic is common in pediatric
syncope.

Reflex syncope can rarely occur in a sitting or even supine
position, but cardiac etiology should be evaluated in syncope
of the supine position.

Reflex syncope cannot occur in a sitting or supine
position.

Mid-exertional syncope strongly suggests cardiac etiology,
while post-exercise syncope is exclusively vasovagal syncope.

All exercise-related syncope is cardiac syncope.

Visual prodrome (i.e., blackening out) represents retinal
hypoperfusion, which precedes the brain hypoperfusion.
Prodromal symptoms can be minimal or absent in abrupt-
onset syncope.

Because prodrome is an essential component of
syncope, if there is no prodrome, syncope can be
excluded.

Flaccid falls in children without neurological impairment can
be considered syncope.

A stiff fall herald a generalized tonic-clonic seizure.

Convulsive movement is common in syncope.

Convulsive activity in syncope is characterized as a brief,
asynchronous movement that does not appear before fall.

In children with transient loss of consciousness, the
presence of convulsive movements strongly
suggests seizures.

Graphical abstract. Pearls and pitfalls in history taking of pediatrc syncope.
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Fig. 1. Schematic diagram of TLOC. TLOC, transient loss of consciousness; TIA, transient ischemic attac.

Table 1. Relevant terms and definitions

Term

Definition*

Syncope

Reflex syncope
Vasovagal syncope

Situational syncope

Orthostatic hypotension
Initial OH
Classic OH

Delayed OH

Cardiac syncope

A symptom that presents with an abrupt, transient, complete loss of consciousness, associated with an inability to maintain
postural tone, with rapid and spontaneous recovery.”

Syncope due to a reflex that causes vasodilation, bradycardia, or both.?

The most common form of reflex syncope mediated by the vasovagal reflex. VVS: (1) may occur with upright posture
(standing or seated or with exposure to emotional stress, pain, or medical settings; (2) typically is characterized by
diaphoresis, warmth, nausea, and pallor; (3) is associated with vasodepressor hypotension and/or inappropriate
bradycardia; and (4) is often followed by fatigue.”

Reflex syncope associated with a specific action, such as coughing, laughing, swallowing, micturition, or defecation. These
syncope events are closely associated with specific physical functions.”

Adrop in systolic BP of 20 mmHg or diastolic BP of >10 mmHg with assumption of an upright posture.'?

A transient BP decrease within 15 seconds after standing, with presyncope or syncope.'?

A sustained reduction of systolic BP of 220 mmHg or diastolic BP of =10 mmHg within 3 minutes of assuming upright
posture.'?

A sustained reduction of systolic BP of 220 mmHg (or 30 mmHg in patients with supine hypertension) or diastolic BP of 210
mmHg that takes >3 minutes of upright posture to develop.'?

Syncope caused by bradycardia, tachycardia, or hypotension due to low cardiac index, blood flow obstruction, vasodilatation,
or acute vascular dissection

VVS, vasovagal syncope; BP, blood pressure; OH, orthostatic hypotension.
*The definition in this table was largely adopted from the 2017 American College of Cardiology/American Heart Association/Heart Rhythm Society guidelines
for the evaluation and management of patients with syncope.

Reflex syncope

Reflex syncope is defined as syncope due to a reflex that causes
vasodilatation and/or bradycardia.”” A normal reflex for hypo-
tension increases peripheral resistance and cardiac output by
mediating an increase in sympathetic tone and the withdrawal

of parasympathetic outflow. However, an inappropriate reflex
may be triggered under certain conditions, including an increase
in the parasympathetic tone and the inhibition of sympathetic
outflow. This results in sudden hypotension and bradycardia,
ultimately reducing cerebral perfusion.'® Consequently, reflex
syncope occurs when a reflex temporarily responds inappropri-

89  Yeom JS and Woo HY. Pediatric syncope

www.e-cep.org



ately. Stimulation of the medullary vasodepressor region of the
brain stem might be related to the mechanisms of bradycardia
and/or vasodilatation in reflex syncope.'? This brain region can
be stimulated by various receptors, including cardiac C fibers,
cardiopulmonary baroreceptors, cranial nerves, cerebral cortex,
gastrointestinal, and genitourinary mechanoreceptors.'? There-
fore, they can occur in various situations in which such receptors
are stimulated. Neurally mediated syncope is synonymous with
reflex syncope because the reflex arc is composed of afferent,
central, and efferent pathways of the autonomic nervous system.
The function of each reflex arc component is typically normal
during reflex syncope. The term “neurocardiogenic syncope” is
also frequently used to describe reflex syncope; however, its use
is currently discouraged because the origin of this reflex rarely
occurs in the heart.'?

Vasovagal and situational syncope

Reflex syncope can be further classified into vasovagal syncope
(VVS), situational syncope, and carotid sinus syndrome.” VVS
is the most common form of reflex syncope; therefore, these 2
terms are often used interchangeably. Reflex syncope mediated
by the vasovagal reflex is called VVS.?) Various definitions or diag-
nostic criteria exist for VVS, preventing the diagnosis. The 2017
American College of Cardiology/American Heart Association/
Heart Rhythm Society Guideline defines “a syncope syndrome
as: (1) that which may occur in an upright posture (standing or
seated) or due to exposure to emotional stress, pain, or medical
settings; (2) typically characterized by diaphoresis, warmth,
nausea, and pallor; (3) being associated with vasodepressor
hypotension and inappropriate bradycardia; and (4) being often
followed by fatigue.™ Identifiable triggers and a characteristic
prodrome are important for the diagnosis, often preceding
VVS.? Orthostatic stress, as well as emotions (fear, pain, instru-
mentation, or blood phobia), often unidentifiable or underesti-
mated, can trigger VVS and are usually combined with central
hypovolemia (from upright posture or dehydration) in vasovagal
syncopal episodes.'? Situational syncope is defined as syncope
that occurs only in specific and usually memorable circumstances,
including coughing, laughing, swallowing, micturition, defeca-
tion, singing, and weightlifting,”)

Orthostatic hypotension

£

OH has long been called the “rule of thumb” without a clear
consensus.'® Pediatricians and adolescents are familiar with
transient hypotension with symptoms of lightheadedness within
a few seconds of standing up quickly.'® It is often referred to as
OH but differs distinctly from classical OH. Transient hypoten-
sion upon rising is categorized as a variant of initial OH, which
is defined as a decrease in transient blood pressure [BP] (>40

mmHg systolic BP and >20 mmHg diastolic BP) within 15

seconds of standing up.'? Initial OH is not a disorder but rather
a temporal mismatch of the physiological response to a rapid
postural change.' Initial OH may be a common unrecognized
cause of syncope in children and adolescents.!? Autonomic
nervous system dysfunction is a leading cause of classical OH.
Classical OH is rare in pediatric patients and accounts for
approximately 19 of total TLOC cases.'® It is defined as a fall of
>20 mmHg in systolic BP or >10 mmHg in diastolic BP within
3 minutes of assuming an upright position.'” Another variant,
delayed OH, is defined as symptomatic hypotension beyond 3
minutes of arising.'? Delayed OH may be a mild or early form of
autonomic dysfunction.'? This demonstrates that the underlying
mechanisms differ according to hypotension timing and
duration associated with an upright position. Furthermore, it is
necessary to use a clear term to describe the condition depending
on the onset of hypotension upon standing. Initial OH should
be considered if syncope or presyncope is observed in teens and
adolescents within a few seconds of standing up.'®

Cardiac syncope

Cardiac syncope is fatal but rare in children. TLOC accounts for
4% of pediatric TLOC cases.'® If TLOC is diagnosed as syncope,
the next step should be to determine whether it is cardiac.
Syncope caused by bradycardia, tachycardia, hypotension due
to a low cardiac index, blood flow obstruction, vasodilatation, or
acute vascular dissection is defined as cardiac syncope.”

Important questions in the clinical history:
linking with physiology

1. Questions about prodromal circumstances

1) Position

Owing to the gravitational effects on blood, reflex syncope,
particularly VVS, occurs most often in the standing position.
Cardiac syncope is primarily caused by arrhythmia and structural
cardiac disease, with arrhythmia being the most common cause
in children.'® Arrhythmia generally occurs regardless of posture.
17) Furthermore, syncope can occur irrespective of posture if the
circulation stops.'” Therefore, syncope in the supine position is
a strong warning sign of cardiac syncope, while increased ortho-
static stress is predictive of reflex syncope, namely VVS.!®

However, orthostatic stress increases while standing up and
sitting down. Sitting intolerance occurred in approximately
10% of children with sitting-induced hemodynamic changes.!”)
A study of 111 adult patients with syncope, excluding those of
cardiac origin, reported that syncope developed in standing
(n=67), sitting (n=16), standing and sitting (n=23), sitting and
supine (n=1), and all three positions (n=4).2% That is, 40% and
4.5% of patients reported syncope in the sitting and supine posi-
tions, respectively.?) Prodromal symptoms and circumstances
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were similar irrespective of position; however, emotional triggers
were commonly observed in patients with syncope in the sitting
and supine positions.?” This study showed that reflex syncope,
although rare, may occur in sitting and supine positions. If syncope
is suspected in body positions other than standing, a specific
situation and activity (swallowing, coughing, or urination) or
emotional trigger (pain or fear) should be carefully investigated.
However, this study emphasized that no patients had syncope in
the supine position alone.?” Furthermore, no VVS occurred in
the supine position in 268 syncopal children.?! Reflex syncope is
possible in the supine position; however, cardiac syncope should
be considered initially.

2) Activity

Activity immediately before an attack is important to the diffe-
rential diagnosis of syncope. However, the association between
exercise and syncope remains unclear. In most cases, exercise-
related syncope is not an indicator of underlying severe cardiac
disease.??) However, midexertional syncope (i.e., before the child
can stop exercising) suggests a cardiac etiology.?” An epidemio-
logical study of 7,568 young athletes a mean age of 16 years of
age showed that exercise-related syncope occurs infrequently.??
Among athletes diagnosed with syncope (n=474), postexertional
syncope was observed in 57 athletes (12%), while exertional
syncope was present in only 6 (1.3%).22 All episodes of post-
exertional syncope had the typical features of VVS, whereas
2 midexertional syncope episodes had cardiac etiologies.”? A
study of 60 midexertional syncopes in children demonstrated
that 32 (53%) had a cardiac origin.”® Neither exertional activity
type nor all symptoms occurring during syncopal events (before,
immediately preceding, and after the syncopal event) could
be differentiated based on the presence or absence of a cardiac
diagnosis.?® These studies suggest that midexertional syncope is
a rare but crucial historical aspect of cardiac syncope, even at a
young age.

Postexercise syncopal events typically occur when an individual
suddenly stops exercising and stands motionless for the first 5-10
minutes after exercise.”? Postexercise syncope shares the same
mechanism as VVS. Venous return is dramatically decreased due
to reduced muscle pumping of the lower extremities, while cardiac
contractility remains high, and blood vessel dilation occurs
during syncope.?¥ That is, the Bezold-Jarisch reflex may involve
postexercise syncope.

On the other hand, electrical myopathy and mechanical
outflow obstruction are the primary underlying etiologies of
cardiac syncope in children.??) In both cases, a decrease in cardiac
output was responsible for the syncope. A brief review of the
physiology of syncope during exercise in patients diagnosed
with long QT syndrome (LQTS) is warranted, as it is the most
common cause of cardiac syncope in children.”) Decreased
function of the delayed rectifier potassium current, either rapid
(IKr) or slow (IKs), normally controls cardiac repolarization and
causes LQTS.? Adrenergic stimulation causes quantitatively
similar enhancement of both L type calcium current, an inward

current tending to a prolonged cardiac action potential, and IKs,
shortening the action potential.”® The balance between them
allows for cardiac contractility enhancement during exercise
without excessive action potential prolongation.”®) When IKs is
dysfunctional, as in LQTS 1, sustained increases in adrenergic
tone develop intense action potential prolongation and subse-
quently predispose patients to lethal ventricular arrhythmia.>)

2. Questions about attack onset

1) Prodromal symptoms

Prodromal symptoms are caused by 2 main mechanisms. The
first is symptoms related to “autonomic activation” of sympa-
thetic and parasympathetic activity, while the second consists
of the consequences of retinal and cerebral hypoperfusion.?®)
Symptoms of autonomic activation include sweating, facial pallor,
nausea, pupillary dilatation, and palpitations.”®) The symptoms of
hypoperfusion include lightheadedness, unclear thinking, blurred
or darkened vision, and tinnitus.”® A prodromal sensation of
vision is caused by retinal hypoperfusion.?” Unlike the brain and
brainstem, the eye is not protected by the pressure-equalizing
effects of cerebrospinal fluid.?” Because retinal hypoperfusion
precedes brain hypoperfusion, visual prodromes (i.e., blackening
out) can occur before a TLOC.2”

Prodrome is an essential symptom of syncope, providing a clue
in differentiating it from other TLOC, particularly seizures.?®
However, clinicians must recognize that prodromal symptoms
can be reported only when the fall in BP is detectable and the
patient’s sensations are listed for later recall.?® Therefore, prod-
romal symptoms and signs are minimal or absent in abrupt-
onset syncope caused by provoked (i.e., fainting lark) or cardiac
standstill.>®) Consequently, sudden onset and lack of prodromal
symptoms provide clinical clues for cardiac causes, typically like
a stroke-Adams attack (i.e., complete atrioventricular block).2®
Meanwhile, the clinical features of syncope in ventricular tachy-
cardia differ from those in a typical stroke-Adams attack, possibly
depending on differences in the BP fall rate. Loss of conscious-
ness (LOC) usually occurs later after the onset of ventricular
tachyarrhythmias (20-120 seconds)? than after asystole (4-15
seconds).>”

Prodrome is more commonly reported in children with VVS
than in those with cardiac syncope.’? Zhang et al.>" reported
that 48 of 55 children (87.3%) with VVS had overall prodromal
symptoms versus 16 of 31 (51.6%) with cardiac syncope. These
symptoms include dizziness, headaches, chest discomfort, palpi-
tations, sweating, paleness, nausea/vomiting, blurred vision, and
fatigue.* Among these, dizziness, headache, and chest discom-
fort were significantly more common in the VVS group. Mean-
while, other symptoms, including palpitations and blurred
vision, did not differ between groups.*” On multivariate analysis,
a history of abnormal electrocardiogram findings and midexer-
tional syncope remained independent predictors of cardiac
syncope but not the presence of prodromal symptoms.*" Hurst
et al.’>? analyzed 3,445 pediatric patients who visited the emer-
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gency department with syncope and reported that only 3 had
a previously undiagnosed cardiac cause. They determined the
sensitivity and specificity of historical features to identify cardiac
syncope.>? Among the three children with cardiac syncope, 1
did not have prodromal symptoms.3? Thus, the sensitivity and
specificity of syncope without prodrome in identifying cardiac
syncope were 67% and 709, respectively.’? Unlike Zhang
et al.,*) Hurst et al.’? analyzed palpitations as an independent
clinical feature rather than a prodrome. They reported that the
sensitivity and specificity of palpitations were 100% and 98%,
respectively.>? These inconsistent results suggest that the presence
or absence of prodromal symptoms alone should not be used to
discriminate between cardiac and noncardiac syncope. Impor-
tantly, approximately 50% of children diagnosed with cardiac
syncope also report prodromal symptoms.3?

2) Following sequence

Symptoms of VVS have the following temporal sequence: the
first symptoms are feeling uncomfortable, epigastric discomfort,
nausea, and abdominal cramps.?® If patients ignore these warning
signs, signs and symptoms of cerebral and retinal dysfunction
develop.?® The first sign of impending vasovagal fainting is
often facial pallor, which results from reduced skin blood flow
due to sympathetic and vasopressin-induced vasoconstriction.>®
During this phase, palpitations are a common complaint due to
an adrenergic surge preceding the vagal response. Symptoms of
palpitations often present as cardiac syncope and VVS.3? Mean-
while, Hurst et al.3? reported that the presence of at least 2 of the
following features yielded 100% sensitivity and specificity for
cardiac syncope in children: absence of prodromal symptoms, a
midexertional event, and chest pain or palpitations.

3) Eyewitness attack

Interviewing individuals with witnessed syncope may be helpful.
Details including fall type, LOC duration, movements during
attack, and tongue biting should be asked whenever possible.

4) Fall type

Fall type provides valuable information for the differential
diagnosis of epilepsy and syncope’?). As a rule, during an epileptic
attack, a fall to the ground is tonic, whereas during syncope, it is
generally flaccid.*? Flaccidity during LOC contradicts seizures.
The only exception is “atonic seizure,”* which occur rarely,
primarily in children diagnosed with epileptic encephalopathy.®®
Therefore, if a child without neurological impairment collapses
with flaccidity (kneeling over), it is reasonable to diagnose syn-
cope rather than seizures. However, due to this common know-
ledge, syncope is mistaken for seizure. Stiff falls during syncope
have been commonly described in laboratory-observed syncope.
39 Lempert et al.3® reported that only half of healthy volunteers
collapsed flaccidly during fainting, while the others fell with
their knees and hips extended. Clinicians must understand that
a stiff fall does not necessarily herald a generalized tonic-clonic
seizure.>”) A stiff fall is part of the continuum of tonic posturing

and shares the same mechanism as tonic posturing, which is
described in the next section.

5) Movements

Convulsive movements, including tonic or myoclonic muscle
activity, eye deviations, automatisms, and vocalizations, often
accompany syncope. The reported frequencies of convulsive
movements in syncope vary widely (5%0-90%) depending on
study design.’®3® A video study of adolescents documented
myoclonus in 91%, facial grimacing in 78%, vocalization in
65%, and head deviation in 34% of the patients during tilting,’"
Owing to these convulsive features, syncope is misdiagnosed as
epilepsy. Approximately 20% of patients referred to epilepsy
clinics suffer from recurrent syncope.*” Furthermore, 35% of
patients diagnosed with reflex syncope are treated with antiepi-
leptic drugs.*) In recent studies of children who were referred
to new-onset seizure clinics, nonepileptic events were reported
in 24%-45% of cases,*>*) and syncope was the most or second
most common cause. Convulsions are an integral component
of the cerebral response to hypoxia. Therefore, the presence of
convulsive movements depends on brain hypoperfusion degree.
4 Specific features should be based on distinguishing convulsive
syncope from seizures, not by the mere presence or absence of
motor phenomena.*¥

The most common movement in syncope is myoclonic activity.
39 Syncopal myoclonus is often multifocal with asynchronous
muscle jerks and occasionally generalized with bilateral synch-
ronous muscle activation.’® However, unlike epileptic myo-
clonus, syncopal myoclonus has arrhythmic features and is
sustained for several seconds.>**) A study that analyzed video
electroencephalography (EEG) records of 65 cases of syncope
and 50 cases of convulsive seizures reported myoclonic jerks in
33 (51%) and 50 cases (10090), respectively.*) This study clearly
showed different intergroup features of myoclonic jerks: the
synchrony rate and jerk frequency were lower in the syncope
versus seizure group.* More than 20 jerks were noted in all con-
vulsive group patients.* Meanwhile, all but one patient in the
syncope group exhibited fewer than 10 jerks.* These findings
suggest that fewer than 10 jerks indicates syncope and more than
20 jerks indicates convulsive seizures.*

Lateral head turns with an ipsilateral gaze have been reported;
however, they never reached the forced tonic quality of epileptic
head turns.>® Syncope may also produce complex motor activity
resembling epileptic automatisms, including lip-smacking, che-
wing, fumbling, reaching the head, turning or raising the head,
and sitting up.*®3*49) In contrast to epileptic automatisms, these
movements are primarily brief and solitary rather than repetitive.
#) This convulsive activity in syncope occurs after rather than
before the loss of postural tone, which may provide an essential
clue for differentiating syncope from seizures.’® As a rule, eyes
are open during syncope, a feature shared by seizures but not
psychogenic TLOC.*”) The most consistent ocular sign is upward
turning of the eyes early in syncope, after which lateral deviation
may follow.*” In contrast to sustained or forceful epileptic eye
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deviation, syncopal eye turns are typically brief.*>)

Studies measuring EEG changes during syncope have demon-
strated the nature of convulsive movements in syncope. Slow
background activity appears first,*®) followed by high-amplitude
delta activity associated with LOC, eye-opening, myoclonic
jerks, and general stiffening,*>>% If hypoperfusion persists, EEG
flattening is accompanied by tonic posturing, vocalization, slow
horizontal eye movement, and stertorous breathing.’® Tonic
posturing is “probably universal” when syncope lasts long
enough to produce a flat EEG.*?) A breath-holding spell is a good
example, often accompanied by intense opisthotonic stiffening
caused by profound but brief cerebral hypoxia.*>V The
“slow-flat-slow” pattern sequence is independent of syncopal
mechanisms. However, mild forms of syncope may present as iso-
lated background slowing without EEG flattening. Myoclonic
jerks predominantly occur during the slow EEG phase, whereas
tonic posturing occurs during the flat phase.* These EEG
correlates suggest that jerks in syncope are likely of cortical origin,
whereas tonic posturing results from brainstem disinhibition due
to complete jerks.* Therefore, the degree of cerebral hypoperfu-
sion during syncope determines whether convulsive activity will
occur.®”)

6) LOC duration

Prospective clinical observations and laboratory-induced syn-
cope studies reported that LOC usually lasts for approximately
<30 seconds.’**? Although eyewitnesses often report long
periods of unconsciousness, the reliability of such estimates of
syncope duration is debatable.?® Body position may play a role
in the duration of LOC in syncope. If a person collapses and falls

to the floor during syncope, the LOC period is brief because cere-
bral perfusion causes immediate recovery. By contrast, cerebral
perfusion may remain inadequate for longer durations in those
who remain upright or slump during syncope.?®

7) Tongue biting

A meta-analysis showed that tongue biting has excellent value
in the differential diagnosis of syncope and seizures.’® Tongue
biting increases the probability of epileptic seizures.’® In a pro-
spective study of an epilepsy monitoring unit, 8 of 34 patients
with epileptic seizures displayed tongue biting on the lateral
side.’® Moreover, only 1 of the 45 patients with syncope had
tongue lacerations at the tip.’® This study suggested an extremely
high (99%) specificity for tongue biting in general and 100%
specificity when the injury was due to seizures versus syncope.>®

8) Urinary incontinence

Urinary incontinence may occur during both syncope and
epileptic seizures, and meta-analysis demonstrated that urinary
incontinence has no value in the differential diagnosis between
them.> Incontinence rate variations have been reported to be
up to 25% of syncopal events.*? Urinary incontinence was twice
as common in patients with syncope versus seizures’®; thus, it is
more likely associated with syncope than seizures.””” However,
these findings were derived from adult studies. A pediatric study
revealed that urinary incontinence occurred in approximately
56% of cardiac syncope cases versus 2.6% of noncardiac syncope
cases.’® The urinary sphincter releases tone upon asystole lasting
longer than 20 seconds.?? Unlike adults, cardiac syncope is rare
in children. Therefore, further studies are needed to estimate

Table 2. Summary of pitfalls and pearls in history taking in cases of suspected syncope

Variable Pitfalls Pearls

Terms Classic orthostatic hypotension is common in children Initial orthostatic hypotension is common in children and adolescents.
and adolescents.

Position Reflex syncope occurs exclusively in the standing Reflex syncope occurs mainly while standing and can also occur while
position. sitting, but rarely occurs in the supine position.

Activity All syncope related with exercise strongly suggests a Midexertional syncope strongly suggests a cardiac etiology, while
cardiac etiology. postexercise syncope is exclusively VVS.

Prodrome The prodrome is characteristic of VVS and is not Compared to other TLOCs, the prodrome is more common in children,
accompanied by cardiac syncope. but may also accompany cardiac syncope and epilepsy.

Way of falling A flaccid fall exclusively occurs in syncope. A flaccid fall in children without neurological impairment argues

A stiff fall herald a generalized-tonic clonic seizure in  against eizures.

TLOC. A stiff fall is commonly observed in syncope.

Movements Presence of any convlusive movement in TLOC strongly  Convulsive movement is common in syncope.

suggests seizures.

Urinary incontinence
suggests seizures.
Confusion
nausea, and sweating are signs of confusion.

Presence of urinary incontinence in TLOC strongly

Postsyncopal symptoms including persistent pallor,

Compared to epileptic seizures, convulsive activity in syncope is
characterized as brief, asynchronous movements that do not appear
before falls.

Brief and solitary automatism-like activity can occur in syncope.

Lateral head turns with an ipsilateral gaze version can occur in
syncope, but never reached the forced tonic quality of the epileptic
head turns.

Urinary incontinence has no value in the differentiating between a
diagnosis of syncope and epileptic seizures

Postsyncopal symptoms, which are common and persistent for a while
in VVS, should not be mistaken for postictal confusion.

TLOC, transient loss of consciousness; VVS, vasovagal syncope.
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the value of incontinence in pediatric age groups to differentiate
syncope from seizures.

3. Questions about attack end

1) Confusion

Reorientation is usually immediate in syncope and does not
exceed 30 seconds even after an extended attack.”” Any posti-
ctal disorientation lasting longer than 30 seconds suggests an
epileptic seizure.?®3”) The interval from the LOC start back to the
oriented state is only approximately 20-30 seconds in abrupt-
onset laboratory-induced syncope.’®* Immediate complete
reorientation is also observed in cardiac syncope if the cardiac
standstill is brief.>? Additional importance in the clinical picture
of VVS is the postsyncopal symptoms characterized by persistent
pallor, nausea, weakness, and sweating. Overactive autonomic
nerve function takes time to return to baseline after a severe VVS
attack. Thus, the syncope recurs if an individual reassumes an
upright posture too soon.>” Table 2 summarizes the pearls and
pitfalls in history taking for the differential diagnosis of syncope.

Pediatric application of syncope diagnostic
scores based on historical features

As discussed earlier, no definitive symptoms or history can be
used to identify the etiology of TLOC®?; however, quantitative
histories and diagnostic scores improve the diagnostic accuracy.
Syncope diagnostic scores based on historical features designed

or applied to the pediatric population are introduced and sum-
marized in Table 3.

1. Differentiating between seizures and syncope

To the best of our knowledge, a diagnostic score based on a
quantitative history taking to differentiate between seizures and
syncope in children has not yet been established. The most fre-
quently used diagnostic score for differentiating between syn-
cope and seizure in adults is the Calgary Syncope Seizure Score
(CSSS) from the Calgary Syncope Symptom Study, which was
investigated by Sheldon et al.?®) A 118-item historical question-
naire was used to analyze 539 adult patients, including those
with seizures (n=102) and syncope (n=437).2¥ Among the 118
historical items, 9 were selected for differentiating seizures from
syncope.?® Six questions are predictive of seizures, including pre-
ceding emotional stress, déja vu or jamais vu, head turning and
unusual posturing or motor activity during an event, confusion
upon awakening, and tongue laceration.”® The other 3 questions
were predictive of syncope and included separate episodes of
presyncope, preceding diaphoresis, or events precipitated by
prolonged standing or sitting that were suggestive of syncope.®)
The sensitivity and a specificity of this CSSS were 94% and
9490, respectively, when the point score was >1.29 Although
emotional stress is commonly observed in patients with syncope,
6D it is difficult to evaluate preceding emotional stress in children.
Therefore, the modified version was applied to children.®? In
the modified version, the question “Loss of consciousness with
emotional stress?” has been replaced by “Loss of consciousness
during sleep?”%? Zou et al.*? applied CSSS and modified CSSS

Table 3. Summary of syncope diagnostic score studies based on symptoms in children

Diagnostic score/

Study disease and

Application in the

Study original study or Aims number of patients/ [tems (score) study population

from adult study age range

Zou The (modified) Calgary Differential diagnosis Neutrally mediated Suggestive of seizures: preceding emotional Cutoff score =1 is predic-
etal® Syncope Symptom  between syncope  syncope (N=119) vs.  stress (LOC during sleep in modified score)  tive of seizure, sensi-
(2017) Score (CSSS)/from  and seizures epilepsy (N=82) /=18  (+1), déja vu or jamais vu (+1), head turning  tivity, and specificity of

adult study of Shel- years old or motor activity during an event (+1), confu-  the (modified) CSSS/:
donetal. [28] sion upon awakening (+1), tongue laceration  91.4% (92.6 %), 95.8%
(+2) (96.6%)
Suggestive of syncope: presyncope (-2), di-
aphoresis before a spell (-2), and LOC with
prolong sitting or standing (-2)

Kornyei  Evaluation of Guideline Usefulness of EGSYS Children with channelo- Suggestive of cardiac syncope: palpitation Cutoff score 1 is sug-
etal® in Syncope Study in raising suspicion  pathy (N=48)/median  (+4), abnormal ECG (+3), effort syncope (+3),  gestive of a cardiac
(2021) (EGSYS)/adopted  of cardiac syncope age 10.4 years old syncope in supine position (+2) origin in 7 out of 8 (88

from an adult study Suggestive of vasovagal syncope: prodromes %) children who pre-
by Del Rosso et al.*® (-1), precipitating or predisposing factor (-1)  sent with syncope

Zhang No specific name of Differential diagnosis VVS (N=150) vs.pseu- Suggestive of pseudosyncope: syncope dura- =3 is predictive of pseu-
etal®  the score/original between VVS and  dosyncope (N=26)/  tion>30 min (+3), upright posture as induce-  dosyncope/sensitivity
(2020) study in pediatric  psychogenic pseu- 5-17 yearsold ment (+2), QTd 21 (+1) (91%) and specificity

patients

Lietal® No specific name of

(2022)

the score/original
study in pediatric
patients

dosyncope

Differential diagnosis VVS (N=183) vs. psy-

between VVS and
psychogenic pseu-
dosyncope

chogenic pseudo-
syncope (N=50)/5-17
years old

Suggestive of pseudosyncope: syncope
duration 29 minutes (+4), daily frequency of
attacks 22 times (+8), body mass index =
20.5 kg/m? (+1), events in postures other
than the upright posture (+4)

(76%)

>5 s predictive of pseu-

dosyncope/sensitivity
(92.0%) and specificity
(90.7%)

ECG, electrocardiography; LOC, loss of consciousness; QTd, QT dispersion VVS, vasovagal syncope.
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in the differential diagnosis of VVS and epilepsy in children.
When the cutoff score was =1, the sensitivity and specificity for
seizure diagnosis were 91% and 95% for the CSSS and 9296 and
96% for the modified CSSS.%? The authors reported that the
CSSS and modified CSSS were useful for the differential diag:
nosis of syncope and epilepsy in children.®?

2, Differentiating cardiogenic from other syncope types

Although no quantitative diagnostic score is available for
children, a score from the Evaluation of Guidelines in Syncope
Study (EGSYS), which was designed to differentiate between
cardiac and noncardiac causes of syncope in adult patients (Table
3), has been applied.®® This study included 216 patients with
noncardiac syncope and 44 with cardiac syncope who visited
the emergency department.®® Abnormal ECG and/or heart
disease, palpitations before syncope, syncope during effort or
in the supine position, absence of precipitating or predisposing
factors, and absence of autonomic prodromes were predictors of
cardiac syncope.®® They suggested that cardiac syncope is likely
if the EGSYS score is =3 (sensitivity, 95%; specificity, 61%) and
is very likely if the score is =4 (sensitivity, 32%; specificity, 99%0)
in adults.®¥ Kornyei et al.*® applied this score to children with
channelopathy. Among 48 affected children, 13 presented with
syncope.®? Seven of 8 children (87%) with witnessed syncope
events had a score of =3.¥ The striking finding of this study was
that a half of the patients presenting with syncope were initially
misdiagnosed as having epilepsy and were followed up for
2-14 years for “therapy-resistant” or “atypical” epilepsy.®® This
study underscores the need for caution in diagnosing recurrent
syncope-like events.®¥ The multivariable EGSYS score seems to
identify syncope of arrhythmic origin, even in children who were
previously misdiagnosed with epilepsy.*¥

A few studies reported the diagnostic value of history-taking
in patients with cardiac syncope. As previously mentioned, the
high risk of cardiac syncope in children includes syncope during
exercise, preceding palpitations, and syncope without prod-
romal symptoms.>!*? The Canadian Cardiovascular Society and
Canadian Pediatric Cardiology Association created clinical guide-
lines for the evaluation and management of pediatric patients
based on a literature review of 231 studies.®® They documented
mid-exertional syncope, a family history of unexplained death,
and the absence of prodromal symptoms as being suggestive of
cardiac syncope.®) Meanwhile, motor activity preceding TLOC,
prolonged LOC over 5 minutes, and LOC in the supine position
were classified as symptoms suggestive of seizures.®® However,
these guidelines have not yet been validated. The New-Onset
Syncope Study evaluated the clinical value of predefined specific
historical features of cardiac syncope, including past cardiac
history, chest pain, palpitations, syncope with exercise, and
absence of prodromal symptoms with syncope.®® Of the 2,293
patients with syncope who were included in the study, only 9
were ultimately diagnosed with cardiac syncope, while the rest
were diagnosed with VVS.%9 All 9 patients with cardiac syncope
had at least one positive specific history factor. Of the 1,972

patients with no specific findings, none had a cardiac etiology.®®

3. Differentiating between psychogenic pseudosyncope and

VVS

A recent systematic review reported that psychogenic pseudo-
syncope is rarer than cardiac syncope, with an average of 1.7%
of all TLOC cases.'® Here we briefly introduce a diagnostic score
designed to differentiate between pseudosyncope and VVS in
children rather than examining the clinical symptoms of pseudo-
syncope in detail.

Zhang et al.*” analyzed the clinical features of 150 children
with VVS and 26 with pseudosyncope and established a scoring
model that could differentiate between the 2 groups. This study
evaluated clinical symptoms and ECG data and vital signs.®”
They showed that QT dispersion (QTd), syncope duration,
and upright posture at inducement were independent factors
for differentiating VVS from pseudosyncope.®”) A total score of
>3 predicted the likelihood of pseudosyncope versus VVS.*”
This scoring system showed a sensitivity of 91% and specificity
of 76.9%.%” The QTd is the difference between the longest and
shortest QT distances on a 12-lead surface ECG. However, its
results cannot be determined quickly; therefore, the usefulness of
this scoring system may be limited in the clinical setting, Therefore,
the same research group has developed an easier scoring system.
Li et al.®® analyzed 183 children with VVS and 50 with pseudo-
syncope. They assigned the following four independent variables:
no upright posture, LOC duration = 9 minutes, daily frequency
of attacks = 2, and body mass index = 20.5 kg/m? When a total
score = 5 points was used as the cutoff value for the initial diffe-
rentiation between VVS and pseudosyncope, the sensitivity and
specificity for the diagnosis of pseudosyncope were 92.0% and
90.7%, respectively.®® Although a lower body mass index has
been observed in children with VVS versus healthy controls,®®
the relationship between body mass index and pseudosyncope is
unclear. The authors suggested that the clinical symptom-based
scoring model is a simple and efficient measure to distinguish
between VVS and pseudosyncope.®”*® However, further valida-
tion of these scoring systems is required.

Conclusion

Understanding the mechanisms of syncopal symptoms and
their underlying physiology is the first step toward diagnostic
accuracy that can avoid the pitfalls during history taking. Specific
clinical features and accompanying situations should be con-
sidered in the syncope diagnosis in addition to the presence or
absence of symptoms or signs.
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