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This review aims to provide a practical and up-to-date description on the relevance and classification of syncope
in adults as well as a guidance on the optimal evaluation, management and treatment of this very common clin-
ical and socioeconomicmedical problem.Wehave summarized recent active research and emphasized the value
for physicians to adhere current guidelines. Amodernmanagement of syncope should take into account 1) use of
risk stratification algorithms and implementation of syncope management units to increase the diagnostic yield
and reduce costs; 2) early implantable loop recorders rather than late in the evaluation of unexplained syncope;
and 3) isometric physical counter-pressure maneuvers as first-line treatment for patients with neurally-
mediated reflex syncope and prodromal symptoms.

Published by Elsevier Ireland Ltd.
1. Introduction

Syncope is a transient loss of consciousness often unwitnessed
and accompanied by loss of postural tone, with rapid onset and full
and typically quick recovery. A brief and abrupt decrease in or cessa-
tion of global cerebral blood flow is the basic mechanism.

Syncope is known to affect quality-of-life, to cause physical injuries,
be challenging to manage and can be a harbinger of sudden death.

We present a systematic review on its relevance, classification and
evidence-based management strategies and therapeutic approaches.
New aspects presented in current guidelines are covered and we
also propose a practical diagnostic and therapeutic algorithm.

2. Relevance

Syncope has a considerablemedical and socioeconomic burden on the
adult population. Its prevalence rises with advancing years: from 6.2 per
1000 person-years in middle age to 11 per 1000 person-years in
70–79 year olds, and to 19 per 1000 person-years in those over 80 years
[1–3]. The age-adjusted incidence rate among patients with structural
heart disease is about twice that among subjects without (10.6 vs. 6.4
per 1000 patient-years). The overall mortality and morbidity associated
with syncope is 7.5%, with one-year mortality of 18% to 33% for cardiac
syncope, which is noticeably greater than syncope of unknown
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origin and cerebrovascular syncope (less than 10%); whereas neurally-
mediated reflex syncope is associated with the same mortality of com-
parably aged healthy individuals [1–3].

Syncope accounts for 1% of emergency department (ED) and ur-
gent care clinic referrals; of these, ≈40% are hospitalized, resulting
in excess of 200,000 hospital admissions annually in the U.S. [4–6].
The estimated costs for syncope-related hospitalizations in the year
2000 approached $2.5 billion, with a mean cost of $5400 per hospital-
ization [5]. The cost per-reliable diagnosis can be as high as $78,000,
depending on the tests performed and their diagnostic accuracy.
The average syncope patient visits a physician 10 times per-year
and sees an average of 3.2 specialists [6–8].

Recurrences are frequent after an initial syncopal episode and the
number of them during life is the strongest predictor. Indeed, a histo-
ry of 1 or 2 episodes predicted a recurrence rate of 15% and 20% after
one and two years, respectively; whereas 3 episodes predicted a re-
currence of 36% and 42%, respectively [9]. Conversely, gender, severi-
ty of presentation, and presence or absence of structural heart disease
have poor predictive value [9]. Recurrences have a substantial impact
on patients' quality-of-life. They may develop excessive fear of dying
and have difficulty returning to previous level of activities. Up to 76%
of patients will change activities of daily living, 64% will limit their
driving, and 39% will change employment. The functional impairment
matches that of chronic low back pain, rheumatoid arthritis, chronic
obstructive lung disease and depressive disorders [10,11].

Physical injuries are frequent complications of syncope occurring in
≈30% of patients admitted to EDs, of whom 5% experience severe trau-
ma causing 1) skull or major bone segments fracture; 2) intracranial
hemorrhage; 3) internal organ lesions requiring urgent treatment;
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and 4) retrograde amnesia or focal neurological defect [6,12]. Approxi-
mately 10% of falls in the elderly are caused by syncope and the cost to
treat them exceeds $7 billion per-year in the U.S. [13,14].

3. Pathophysiological classification

Despite general elusiveness in the medical literature, syncope is
and should be unquestionably classified on the origin of its patho-
physiological mechanisms as shown in Table 1.

4. Neurally-mediated reflex syncopal syndromes

They refer to a diversity of clinical scenarios, generally described
as vasovagal and situational, in which the triggers of abnormal
neural reflexes are 1) fear of bodily injury; 2) painful or noxious
stimuli; 3) venipuncture; 4) prolonged standing (e.g., soldiers fainting
on parade); 5) heat exposure; 6) exertion; and 7) coughing, swallowing
or straining while urinating or defecating. Patients frequently ex-
perience warmth, nausea, lightheadedness and pallor before
syncope. However, they may not occasionally exhibit any symptom
at all [15].

Three responses are generally seen: 1) cardioinhibitory; 2) vaso-
depressor; and 3) mixed response with features of both. The former
results from increased parasympathetic tone and may be manifested
by any or all of the following ECG findings 1) sinus bradycardia; 2)
PR interval prolongation; and 3) advanced atrioventricular block.

The vasodepressor-hypotensive response is caused by “hypersen-
sitivity” of the autonomic nervous system, which over-responds to
Table 1
Pathophysiological classification of syncope.

Neurally-mediated reflex syncope
Vasovagal
Situational (e.g., coughing, swallowing or straining while urinating or defecating,
excessive heat, pain, prolonged standing, exertion, venipuncture, fear of bodily injury)
Carotid sinus syndrome

Orthostatic syncope and associated autonomic disorders
Primary autonomic failure syndromes (e.g., pure autonomic failure, multiple system
atrophy, Parkinsonian dysautonomia)
Secondary autonomic failure disturbances (e.g., alcohol, diabetes, amyloidosis,
volume depletion)
Drugs (e.g., anti-depressives, phenothiazines, diuretics, β-and α-adrenergic blockers,
vasodilators, nitroglycerin)

Cardiac syncope
Arrhythmias (e.g., sinus bradycardiab40 bmp while awake, sinoatrial block or
pauses≥3 s, third-degree or high-grade or Mobitz type II atrioventricular block,
VT, SVT)
Genetic disorders (e.g., long- and short-QT syndromes, ARVD/C, HOCM,
Brugada syndrome,
ECG early repolarization in infero-lateral leads)
Pacemaker or ICD malfunction with cardiac pauses
Structural heart or cardiopulmonary diseases (e.g., aortic stenosis, ischemic and
non-ischemic or dilated cardiomyopathies, HOCM, pulmonary embolus, pulmonary
hypertension, atrialmyxoma, pericardial tamponade,MI/ischemia, aortic dissection)
Drug-induced pro-arrhythmias (e.g., antiarrhythmics, antipsychotics, antidepres-
sants, antihistamines, antiinfectives, gastrointestinal agents)

Cerebrovascular syncope
Migraines
Steal syndromes (e.g., subclavian artery steal syndrome)
Vertebrobasilar transient ischemic attacks

Non-syncopal attacks
Disorders with partial or complete loss of consciousness (e.g., epileptic seizures,
metabolic disorders, intoxications)
Disorders without loss of consciousness (e.g., falls, psychogenic
pseudosyncope, cataplexy)

VT, ventricular tachycardia; SVT, supraventricular tachycardia; ARVD/C, arrhythmogenic
right ventricular dysplasia/cardiomyopathy; HCOM, hypertrophic obstructive cardio-
myopathy; ICD, implantable cardioverter defibrillator; MI, myocardial infarction.
different stimuli with orthostatic stress being one of the most com-
mon triggers seen in clinical practice.

Finally, reduced cardiopulmonary baroreceptor sensitivity may be
a contributing factor for both cardioinhibitory and vasodepressor
responses.

4.1. Carotid sinus syndrome

It is an unusual type of neurally-mediated syncope. It is due to hy-
persensitivity of the afferent or efferent limbs of the carotid sinus re-
flex arc resulting in vagal activation and/or sympathetic inhibition,
which leads to bradycardia and/or vasodilation. It rarely occurs in
adults under 50 years and increases in prevalence with advancing
age and in close relationship with accidental mechanical manipula-
tion of carotid sinuses and can be reproduced by carotid sinus mas-
sage [16]. The test is considered positive if symptoms are produced
immediately after the massage in the presence of asystole>3 s and/
or a fall in systolic blood pressure≥50 mm Hg [16].

5. Orthostatic syncope and associated autonomic disorders

Orthostatic syncope occurs when the autonomic sympathetic va-
somotor system is incapacitated and fails to respond to challenges
imposed by the upright position causing hypotension. As Andresen
D. pointed out, it is diagnosed when there is documentation of ortho-
static hypotension associated with total loss of consciousness [17]. An
asymptomatic decrease in systolic blood pressure of ≥20 mm Hg and
decrease in diastolic blood pressure≥10 mm Hg within 3 min of
standing, defined as classical orthostatic hypotension, should not be
taken as evidence for a cause of syncope if the medical history is in-
consistent with such a diagnosis [17,18].

Orthostatic syncopemay be due to primary or secondary autonomic
disturbances. Primary forms include 1) pure autonomic failure; 2) mul-
tiple system atrophy; and 3) parkinsonian dysautonomia. The former is
characterized by autonomic system dysfunction alone, while multiple
system atrophy is characterized by both autonomic and somatic ner-
vous system involvement, and finally parkinsonian dysautonomia de-
velops over time in patients with Parkinson's disease.

Among the secondary forms, alcohol, diabetes, and amyloidosis
are common causes as well as volume depletion in which the auto-
nomic nervous system is not itself unbalanced, but is unable of main-
taining adequate blood pressure due to reduced circulating volume.

Orthostatic syncope might also occur due to the effects of many
drugs, mainly in the elderly, such as anti-depressives, phenothiazines,
diuretics, β- and α-adrenergic blockers, vasodilators and nitroglycerin.

6. Cardiac syncope

The most common causes are arrhythmias, such as 1) severe sinus
bradycardia (b40 bpm) while awake; 2) sinoatrial block or sinus
pause≥3 s; 3) third-degree atrioventricular block; 4) intermittent atrio-
ventricular block (i.e., high-grade, Mobitz type II or type I in elderly); 5)
sustained ventricular tachycardia; and 6) supraventricular tachycardia.

Other causes include 1) long- and short-QT syndromes; 2) Bru-
gada syndrome; 3) arrhythmogenic right ventricular dysplasia/car-
diomyopathy; 4) malfunction of implantable pacing and defibrillator
systems; and 5) drug-induced pro-arrhythmias. However, we recom-
mend, especially in men with a history of unexplained syncope and/
or a familial incidence of sudden death at a young age, to assess the
presence of early repolarization on ECG, particularly a J-point eleva-
tion of≥0.1 mV in≥2 leads in either the inferior (II, III, aVF) or lateral
(I, aVL, V4–6) territory or both. Indeed, strong evidence from recent
literature suggests a significant link between this ECG pattern and oc-
currence of syncope and sudden death due to life-threatening ven-
tricular arrhythmias as well as a heritable basis in the general
population [19–21].
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Both ischemic and non-ischemic or dilated cardiomyopathies are
responsible for cardiac arrhythmic syncope. The risk of sudden
death is considerably high when the left ventricular ejection fraction
is ≤35% [22].

Finally, structural heart or cardiopulmonary diseases that may
lead to syncope due to poor cardiac output include 1) aortic stenosis;
2) hypertrophic obstructive cardiomyopathy; 3) atrial myxoma; 4)
pulmonary embolus; 5) pulmonary hypertension; 6) pericardial tam-
ponade; 7) myocardial infarction/ischemia; and 8) aortic dissection.

7. Cerebrovascular syncope

Causes are 1) migraines, in which the loss of consciousness can be
due to either cerebral vascular spasm or vasovagal reflexes triggered
by pain and/or nausea; 2) steal syndromes, in which syncope may
occur when blood supply is rerouted from the brain to another
organ (the most common example is the so-called “subclavian steal
syndrome” caused by stenosis or occlusion of the proximal subclavian
artery with retrograde filling of it via the vertebral artery and subse-
quent diversion of blood flow from the brain to the upper extremity
of the affected side); and 3) vertebrobasilar transient ischemic at-
tacks, which are usually accompanied by other posterior circulation
symptoms, such as vertigo, paresis, ataxia and/or evidence of brain-
stem dysfunction (e.g., diplopia, dysphagia, dysarthria).

8. Non-syncopal attacks

They are not the result of global cerebral hypoperfusion and are
often misdiagnosed as syncope. They include situations without loss
of consciousness, such as accidental falls and psychiatric disorders,
and conditions with partial or complete loss of consciousness, such
as intoxication and metabolic causes (e.g., hypoglycemia, hypoxia or
hyperventilation with hypocapnia).

Psychogenic pseudosyncope is a group of psychiatric disorders
such as conversion and factitious disorders or malingering. Usually
the state of “pseudo-unconsciousness” lasts longer than true syncope
and upon physical examination there is no gross neurological abnor-
mality. Instead, cataplexy refers to the loss of muscle tone due to
emotions, particularly laughter. The attacks look like syncope in
which patients can't respond at all, although they are completely
aware of the surroundings.

Seizures are primary electrical disturbances of brain function and
suspected cause in ≈5 to15% of patients presenting with apparent
syncope [23–26]. They can mimic syncope, especially in patients
with atypical seizures with no tonic–clonic activity. In contrast to
many types of syncope, seizures are not generally related to definite
circumstances or triggers. If the jerks are unilateral during the attack,
seizure is more likely. If the jerks start before loss of consciousness,
seizure is fairly likely. The post-ictal phase with the absence of com-
plete recovery is a feature of seizure not present in syncope.

Epileptic seizures should be distinguished from convulsive synco-
pe, which is usually the result of cardiac arrhythmias followed by
seizure-like movements due to cerebral hypoperfusion. These epi-
sodes may be clinically impossible to discriminate from seizures. Of
note, collaborative studies by neurologists and cardiologists using
long-term ECG monitoring by implantable loop recorders (ILRs)
found cardiac arrhythmias as cause of sudden unexplained death
and seizure symptoms in≈40% of patients with an epilepsy diagnosis
who were treatment-resistant or had atypical seizures [23–26].
Therefore, clinicians should consider a wary cardiac evaluation in ad-
dition to a full neurological assessment for these subjects.

9. Management

Although syncope is such an everyday clinical problem, its manage-
ment remains disorganized and often marked by the undertaking of
costly and time consuming diagnostic tests, such as cardiac enzymes,
prolonged inpatient telemetry monitoring, cardiac catheterization,
electroencephalography, CT and MRI brain scans, carotid Doppler so-
nography and pulmonary scintigraphy [5–8].

An accurate appraisal is crucial for an effective treatment aimed at
preventing recurrences, avoiding trauma and death. Discriminating
true syncope from non-syncope attacks is the first challenge for phy-
sicians and influences the subsequent management strategy. From
time to time it is not possible to assign a solo etiology to syncope.
Comorbidities and interacting factors are common and may act to-
gether (e.g., diabetic neuropathy and drug-induced orthostatic hypo-
tension; diuretics in older patients already vulnerable to orthostasis;
myocardial ischemia in the setting of moderate aortic stenosis; and
patients with structural cardiovascular disease might faint due to
arrhythmias or overmedication). Therefore, the clinician should not
too hurriedly believe an observed abnormality to be the only cause
of syncope.

According to the 2009 guidelines by the European Society of Car-
diology and 2011 recommendations by the National Institute for
Health and Clinical Excellence in the UK, the initial evaluation of pa-
tients presenting with transient loss of consciousness consists of 1)
taking a structured medical history investigating: a) circumstances
just prior to the attack; b) onset of attack; c) attack itself, including
input from witnesses; d) ending of attack; e) clinical background
and comorbidities; 2) complete physical exam with orthostatic
blood pressure measurements; 3) 12-lead standard ECG; 4) carotid
sinus massage in patients over 50 years with recurrences and falls;
5) echocardiogram to find out whether structural heart disease is pre-
sent or there is a suspicion of pulmonary hypertension; and 6) psy-
chological/psychiatric consultation in patients with recurrences who
have other somatic complaints, and when there are concerns about
stress, anxiety and other mental disorders [27,28].

The steps depicted above will provide a diagnosis in 23–50% of pa-
tients without need for superfluous tests [29,30]. Only then should
physicians consider further investigations for the cases that are cate-
gorized as having syncope of unknown origin (unexplained), making
this a considerably large patient population.

10. Diagnostic tools: yield and indications

10.1. Holter monitoring

In current practice 24–48 h ECG monitoring via 3–12 surface elec-
trodes is still the most common initial investigation in patients who
present with syncope. However, since in the vast majority of patients
symptoms do not recur during the monitoring period the overall di-
agnostic yield of Holter is low: 4% in 2612 patients with symptoms
of syncope or near-syncope in a pooled analysis of Linzer et al. [31].

In large studies using Holter monitoring the correlation between ar-
rhythmias and symptoms, including syncope, was less than 5% [32,33].

The only reason to consider this diagnostic test is when a patient has
daily single ormultiple episodes of loss of consciousness over a short pe-
riod of time. In such a context, true negative findings by Holter may be
very useful, for example, in confirming cases of psychogenic
pseudosyncope.

10.2. Head-up tilt-table testing

It has been the diagnostic groundwork for reflex and unexplained
syncope in the last two decades since its first description in 1986 by
Kenny et al. [34]. Despite its broad acceptance as a diagnostic proce-
dure, many questions concerning the precise pathophysiology of
neurally-mediated syncope and the most optimal provocative agent
during tilt testing remain unanswered.

Central to tilt-table testing is the concept that orthostatic stress con-
tributes to venous pooling in the lower extremities, which provokes
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syncope via von Bezold–Jarisch mechanisms [35]. However, neurally-
mediated reflex syncope cannot only be provoked by increased sympa-
thetic nerve tone due to stressful stimuli or by hypovolemia or orthos-
tatism, but can also be initiated and/or exaggerated by an increased
responsiveness of the central serotonergic neural system to afferent in-
puts [36]. This complexitymay explainwhy different drugs, such as iso-
proterenol, adenosine, nitroglycerin, or clomipramine, acting at very
different levels, can trigger a neurally-mediated reflex during tilt testing
[37,38].

In the face of many studies published, there is still no unanimously
accepted tilt testing protocol and many patients still remain undiag-
nosed. A divergence of opinion exists regarding the angle (45°, 60°,
75° or 90°), duration (20 to 45 min), type of drug challenge, and num-
ber of head-up phases. Additionally, patients' age and hydration sta-
tus may affect test's outcome. Tilt testing doesn't always faithfully
reproduce patients' symptoms and the hemodynamic responses are
so variable and rarely based on evidence [37,38]. Notably, tilt testing
has not been validated against “gold standard” populations, and di-
verse test protocols identify patients that don't have common charac-
teristics. In fact, one of the most confusing findings is the large
difference in the diagnostic yield of tilt testing ranging from 11% to
87%, and the pretest likelihood of a positive response may explicate
this [37–39]. Thus, a large amount of syncope patients will have a
negative tilt-table test underlining the shortcomings of its clinical
value. Consistent with these findings, data obtained from ILRs in pa-
tients with recurrent neurally-mediated or unexplained syncope
revealed that patients with or without a positive tilt testing response
can have similar clinical features and outcome, suggesting they are
clinically similar [40,41]. Regardless of tilt-table test response, these pa-
tients have analogous ECG findings during recurrent syncope. Hence, in
both tilt-table test positive and negative patients, an asystolic syncope
preceded by sinus bradycardia can be recorded, consistent with a
neurally-mediated mechanism having a dominant cardioinhibitory re-
flex with prolonged pauses. These data confirm that the sensitivity of
tilt testing is probably lower than expected and that its use for assessing
the exact mechanism, and eventually for selecting therapy in patients
with severe or recurrent syncopal episodes, has limitations [38].
10.3. Prolonged ECG monitoring

External loop recorders (ELRs) and ILRs have shown satisfactory di-
agnostic yield [9]. These devices are designed to correlate transient
symptoms with ECG rhythms. They have a retrospective (loop) memo-
ry, which continuously records and deletes ECGs, an activation function
that allows patients to activate ECG storage as result of symptoms, and
finally, auto-activation features allowing capture of arrhythmic events
without relying on patients' compliance or perception of symptoms. A
randomized trial has shown cost-effective diagnostic superiority of
ELR to Holter monitoring (22% for Holter vs. 56% for ELR, Pb0.01) [42].

Since patients must continuously wear external electrodes in order
to activate the loop memory, they usually are not compliant for more
than a few weeks and symptom–ECG correlation cannot be achieved
when recurrences are infrequent. Consequently, ELRs are most fruitful
in motivated patients with inter-symptom intervals of ≤4 weeks [9].

In contrast, current ILRs can record events and store-up to
49.5 min of ECG data over 3 years' battery life. Recently, remote auto-
matic recording and wireless transmission of data detected by ILRs
have become available, enhancing the diagnostic yield, limiting the
risk of memory saturation due to the high number of false detections,
and reducing the time to diagnosis [43,44]. A recent report has shown
that in a consecutive cohort of 50 patients with unexplained syncope
receiving a novel wireless ILR, which automatically transfer ECG data
to a central monitoring center within minutes to hours virtually elim-
inating the possibility of data loss, a diagnosis (most commonly sig-
nificant bradycardia) was made in 32% within a median time of
71 days from ILR implant, thus greatly facilitating the clinical decision
making [44].

Two randomized controlled trials, RAST (Randomized Assessment of
Syncope Trial) and EaSyAS (Eastbourne Syncope Assessment Study),
between a primary ILR strategy versus conventional testing in unselect-
ed patients with recurrent unexplained syncope, demonstrated that ILR
was twice as effective as ELR, tilt testing and electrophysiological (EP)
study, with substantial cost/diagnosis benefits [45–47].

In RAST, the ILR monitoring strategy followed by conventional
testing in patients with recurrent or a single episode of unexplained
syncope with injury warranting cardiovascular investigation was as-
sociated with a diagnostic yield of 50% at a cost of $2937±$579
per-patient and $5875±$1159 per-diagnosis. Conventional testing
followed by ILR was associated with a diagnostic yield of 47% at a sig-
nificant greater cost of $3683±$1490 per-patient and greater costs
per-diagnosis ($7891±$3193). The authors concluded that the cost
per-diagnosis using ILRs was significantly less than the cost of con-
ventional work-up ($5852 vs. $8414) despite higher initial costs
($2731 vs. $1683) [45,46].

By EaSyAS census, 33% of 103 patients in the ILR group had an ECG
diagnosis (usually a form of bradyarrhythmias) compared to 4% of 98
subjects in the non-ILR group (hazard ratio 8.93, 95%CI 3.17–25.2,
P≤0.0001). By the study follow-up date, post-randomization investi-
gations and hospital days were both fewer for ILR patients, resulting
in a saving of costs (£406 vs. £1210 [mean difference £809, 95%CI
£123–£2770]). This overall cost difference of £809 was equivalent to
60% of the purchase price of the ILR device [47].

In addition, the multicenter observational International Study on
Syncope of Uncertain Etiology-2 (ISSUE-2) prospectively investigated
the efficacy of therapies based on ILR diagnosis of recurrent suspected
neurally-mediated syncope [48]. Patients without structural heart
disease were included in the study if they experienced ≥3 syncopal
episodes over 2 years. Patients with orthostatic or carotid-sinus syn-
cope were excluded. One-year recurrence rate among the 53 patients
assigned to ILR-specific therapy (pacing [mostly], ICD or ablation) was
10% (burden of 0.07±0.2 episodes per-patient/year) compared with
41% in patients who received education and reassurance, (0.83±1.57
episodes per-patient/year; 80% relative risk [RR] reduction per-
patient, P=0.002, and 92% for burden, P=0.002). One-year recurrence
rates in patients who received pacemakers and in those with bradyar-
rhythmias but no pacing were 5% and 31%, respectively (90% RR reduc-
tion, P=0.002). The investigators concluded that early ILR implantwith
therapy delayed until documentation of syncope is a safe and effective
treatment for recurrent neurally-mediated syncope [48].

Recently, the PICTURE registry (Place of reveal In the Care pathway
and Treatment of patients with Unexplained REcurrent syncope), the
largest observational study to date to evaluate the value of ILRs in every-
day diagnostic work-up for syncope of unknown origin, provided two
important findings 1) large number of tests patients underwent before
ILR implant (median of 13, range 9–20), as well as great diversity and
number of physicians consulted (an average of 3 different specialists);
and 2) high yield with ILRs, which guided the diagnosis in 78% of pa-
tients and provided useful information in another 6% [8].

Overall, all the above findings support current guidelines recom-
mending that ILRs should be implanted early rather than late in the
evaluation of patients with syncope of unknown origin [27,28].

10.4. Electrophysiological study

The expected yield from an EP study to determine the cause of syn-
cope is variable, dependent upon anticipated abnormalities and patient
risk factors [49]. Of note, nowadays in clinical practice only 2% of pa-
tients with unexplained syncope assessed by cardiologists undergo EP
study and even fewer if they are evaluated by other specialists [27,50].
Nonetheless, this diagnostic test still can be helpful to ascertain the ne-
cessity for pacing therapy in syncope patients with no structural heart
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disease but with ECG abnormalities, such as 1) asymptomatic sinus bra-
dycardia in the absence of negatively chronotropic drugs; 2) second-
degree atrioventricular block Mobitz type I; and 3) bifascicular block
[either left bundle branch block or right bundle branch block with left
anterior or posterior fascicular block]). The EP study protocol includes
evaluation of sinus node function, measurement of atrioventricular in-
tervals, progressive atrial pacing and intravenous administration of
class Ic or Ia antiarrhythmic drugs. However, a negative EP study doesn't
rule out an arrhythmic etiology of syncope as demonstrated by RAST,
EaSyAS, and ISSUE trials [45–48,51,52]. Of note, in a subgroup of pa-
tients with bifascicular block, negative EP study and normal ejection
fraction, enrolled in the ISSUE trial, paroxysmal atrioventricular block
was recorded in up to 50% of thosewhohad recurrent syncope [52]. Ad-
ditionally, 25% of the patients showed asystolic pauses preceded by
sinus bradycardia suggestive of neurally-mediated reflexes [52]. More-
over, Fujimura et al. demonstrated that in 21 patients who had docu-
mented intermittent atrioventricular block (n=13) or sinus pauses
(n=8) causing syncope, but by the time of referral their cardiac rhythm
had reverted to normal, the EP study showedpoor sensitivity values [53].
It correctly identified only 3 of the patientswith sinus pauses (sensitivity
37.5%) and only 2 of thosewith atrioventricular block (sensitivity 15.4%).
On the contrary, other abnormalities (i.e., sinus node dysfunction and
atrial flutter or atrial fibrillation causing hypotension) not known to
have occurred spontaneously in these subjects were often induced dur-
ing EP study [53]. In summary, a negative EP study in syncopal patients
with normal ECG doesn't rule out transient bradyarrhythmias as cause
of syncope and may seldom reveal rhythm disturbances that may
wrongly be elected as the cause of syncope.

Finally, an EP study with premature ventricular stimulation still
can be useful in syncope patients with structural heart disease with-
out severely depressed left ventricular ejection fraction and estab-
lished implantable cardioverter defibrillator (ICD) indications by
current guidelines when the likelihood of ventricular tachyarrhyth-
mias is high, such as in the presence of sustained palpitations, pro-
longed QRS duration (≥120 ms) and/or non-sustained ventricular
tachycardia, and in whom a comprehensive evaluation and non-
invasive diagnostic studies did not demonstrate a cause or lead to
specific treatment [54–59].

As Telfer E.A. and Olshansky B. pointed out, the yield of EP study
for sustained monomorphic ventricular tachycardia is higher in pa-
tients with ischemic cardiomyopathy and lower (but no zero) in
those with non-ischemic or dilated cardiomyopathy [60]. The poten-
tial for inducible sustained monomorphic ventricular tachycardia
cannot be dismissed in patients with non-ischemic or dilated cardio-
myopathy. However, an EP study may be negative in a patient with
dilated cardiomyopathy and unexplained syncope but the risk of
death and recurrent syncope resulting from a ventricular arrhythmia
can remain high [60].
11. Syncope of unknown origin: evidence-based algorithm

The published diagnostic yield of ILR, tilt testing and EP study
along with the accumulation of data in the last two decades have
led us, authors of the present article, to generate a diagnostic and
therapeutic algorithmic tool approach for patients with unexplained
syncope, representing our current practice at our Institutions (Fig. 1).

In patients with no structural heart disease, normal ECG and ejection
fraction, we recommend no further investigations for those who have
sustained a single episode and are not having syncope in high-risk set-
tings (e.g., driving, machine operation, flying, competitive athletics,
etc.); whereas, we advise ILR in subjects with ≥3 syncopal episodes
over 2 years or if a single syncopal episode is associated with secondary
trauma.

In patients with ECG abnormalities, as listed in the text, in whom
the likelihood of bradyarrhythmias as cause of syncope is high, we
propose an EP study to determine the need for pacemaker therapy
otherwise if the EP study is negative we recommend ILR implant.

An EP study is proposed in unexplained syncope patients with
structural heart disease without severely depressed left ventricular
function (ejection fraction>35% and b55%), when the probability of
ventricular tachyarrhythmias is high, such as in the presence of sus-
tained palpitations, QRS≥120 ms and/or non-sustained ventricular
tachycardia. An ICD is recommended in those with inducible sus-
tained monomorphic ventricular tachycardia; whereas ILR is consid-
ered in not-inducible patients to help define the nature of syncope.

In patients with supraventricular tachycardia, idiopathic ventricu-
lar tachycardia and Wolff–Parkinson–White syndrome, radiofre-
quency ablation is recommended.

In patients with unexplained syncope and high-risk genetic disor-
ders for sudden death (e.g., hypertrophic obstructive cardiomyopa-
thy, arrhythmogenic right ventricular dysplasia/cardiomyopathy,
long-QT syndrome and Brugada syndrome with spontaneous type I
ECG pattern) ICDs are usually implanted.

We also consider ICD therapy in subjects with syncope and ECG
early repolarization in infero-lateral leads, once all ischemic and
non-ischemic causes, including the high-risk genetic disorders listed
above, have been ruled out.

Finally, in patients with cardiomyopathy and ejection frac-
tion≤35% the evidence-based recommendation is ICD [61].

12. Risk stratification and syncope management unit

Of paramount importance is to know the prognosis in the light of
data showingmajor differences in one-year prospective death rates be-
tween cardiac (24%) and non-cardiac syncope (4%) [1]. It is critical for
ED and urgent care physicians to discriminate those patients at high-
or intermediate risk who require immediate hospital care from the
much larger portion that can be managed safely and at substantially
lesser cost outside of hospital in the so-called “blackout” clinics [6,62].

A number of studies derived and validated risk classification sys-
tems and point scores for envisaging short- and long-term risk of
death with high sensitivity and good specificity. For example, SEEDS
(Syncope Evaluation in the Emergency Department Study), OESIL
(Osservatorio Epidemiologico sulla Sincope nel Lazio), SFSR (San
Francisco Syncope Rule), STePs (Short Term Prognosis of Syncope),
EGSYS (Evaluation of Guidelines in Syncope Study), and recently
ROSE (Risk stratification Of Syncope in the Emergency department),
each provide recommendations readily accessible to ED physicians
or general practitioners [63–69].

Markers found by almost all these investigators that predict unfa-
vorable outcomes include 1) age≥65 years; 2) ECG abnormalities; 3)
history of heart failure or ischemic heart disease or ventricular ar-
rhythmias; 4) lack of warning symptoms/signs before syncope; and
5) B-type natriuretic peptide≥300 pg/ml.

Moreover, SEEDS and EGSYS from U.S. and Europe, respectively,
introduced the concept of dedicated syncope management units
equipped with diagnostic tests for common causes of syncope and
immediate consultations from electrophysiologists, cardiologists,
neurologists or internists [63,68]. Both studies tested the hypothesis
that prospective systematic standardized guidelines-based evaluation
and management would provide more resourceful and effective tri-
age of patients with syncope referred to general hospitals or EDs.
The authors demonstrated that the vast majority of syncope manage-
ment unit–managed patients had, when compared with those receiv-
ing usual care, significantly lower hospitalization rate, shorter length
of hospital stay, and fewer diagnostic tests performed per-patient
without negatively affect patients' survival and syncope recurrence
rate. In addition, EGSYS showed that in the syncope management
units the mean cost per-patient was 19% lower (€1127 vs. €1394)
as well as the mean cost per-diagnosis, which was 29% lesser
(€1240 vs. €1753) [68].



Fig. 1. An evidence-based algorithm for the management of syncope of unknown origin utilized at the authors' current Institutions. SHD, structural heart disease; EF, ejection frac-
tion; ILR, implantable loop recorder; VT, ventricular tachycardia; EPS, electrophysiological study; ICD, implantable cardioverter-defibrillator; AV, atrioventricular; SVT, supraven-
tricular tachycardia; WPW, Wolff–Parkinson–White; HOCM, hypertrophic obstructive cardiomyopathy, ARVD/C, arrhythmogenic right ventricular dysplasia/cardiomyopathy.
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Although, EGSYS and SEEDS data cannot be applied to the general
population of patients with syncope, we predict that the concept of
syncope management unit will continue to move forward with fur-
ther evidence-based data to finally provide the best possible care for
our patients.
13. Treatment

The therapeutic approaches for neurally-mediated reflex syncope
and orthostatic intolerance/syncope are not uniform and for the
most part based on case series, observational/cohort studies, or retro-
spective analyses. Their impact on preventing recurrences, limiting
injuries, and improving quality-of-life is hard to determine without
large randomized controlled trials.

The first strategy due the benign nature of these conditions in-
cludes reassurance and education concerning 1) nature of the dis-
ease; 2) prompt recognition of premonitory symptoms; and 3)
prevention of triggering situations. Watchful use of agents that
lower blood pressure, including β- and α-blockers, diuretics, vasodi-
lators and alcohol is essential as well.

It is also noteworthy to recognize and treat psychological and/or
psychiatric issues that might contribute to loss of consciousness vul-
nerability. Indeed, a high frequency of psychiatric disorders has
been described in syncope patients [70].
14. Physical maneuvers and techniques

Prescription of non-pharmacological physical therapies is increas-
ingly recommended and emerging as a new front-line treatment.
Being aware of situations and warning symptoms preceding syncope
can allow patients to take protective action, such as certain physical
countermaneuvers (PCMs), which may avert loss of consciousness.

Squatting, arm-tensing, leg-crossing, and leg-crossing with lower
body muscles tensing, which induce a significant blood pressure in-
crease during the phase of imminent loss of consciousness, allow pa-
tients who are aware of prodromal symptoms to abort and/or delay
syncope or improve orthostatic tolerance [71,72]. Recently, the Phys-
ical Counter-pressure maneuvers Trial tested the efficacy of isometric
PCMs: 117 patients were randomized to conventional therapy alone
and 106 received conventional therapy plus training in PCMs. The
median yearly syncope burden during follow-up was significantly
lower in the PCM-trained patients than controls (32% vs. 51%,
Pb0.004). Recurrence-free survival was better with PCMs (39% rela-
tive risk reduction) [73]. Thus, isometric PCMs are recommended as
class I by guidelines in recurrent neurally-mediated reflex syncope
with warning symptoms.

Another approach that has been well studied is that of tilt or
standing training. Nonrandomized observations demonstrated that
progressively prolonged periods of forced upright posture reduce sig-
nificantly syncope vulnerability in patients with recurrent vasovagal



155S. Rosanio et al. / International Journal of Cardiology 162 (2013) 149–157
symptoms triggered by orthostatic stress [74,75]. However, limita-
tions of orthostatic training are 1) patients' low compliance to continue
the training program for long periods even if this therapy is beneficial;
and 2) durability of its effectiveness once treatment is discontinued
[76]. In addition, randomized controlled trials didn't confirm tilt trai-
ning's short term efficacy in reducing the positive response rate to tilt-
table test [76–78]. Although more data are needed, tilt training appears
to be a feasible treatment only for highlymotivated patients, but not for
the majority of those with recurrent neutrally-mediated syncope.
15. Pharmacological therapy

A number of drugs have been and are still used in everyday practice
for treatment and prevention of vasovagal and orthostatic syncope. Plas-
ma volume expansion by increased salt and fluid intake is commonly ad-
vised, but this strategy has not been validated by clinical trials [79]. In this
regard, a synthetic mineralocorticoid, fludrocortisone, is also widely pre-
scribed in clinical practice, particularly in younger patients. However, its
evidence-based efficacy is poor. Two small randomized trials, one in pe-
diatric patients and the other in children, showed no benefit of this
agent over atenolol or placebo, respectively, in preventing the recurrence
of syncope [80,81]. Nevertheless, clinical experience still favorsfludrocor-
tisone, suggesting that additional evaluation of this approach remains
warranted (the PreventionOf Syncope Trial II [POST-II] is currently ongo-
ing to test fludrocortisone in a double-blind randomized controlled fash-
ion) [82].

Among other prescription drugs proposed the most commonly
used in the real world are ß-blockers, selective serotonin reuptake in-
hibitors and α-agonist vasoconstrictors.

ß-blockers have been supposed to decrease loss of consciousness
susceptibility by diminishing the impact of the adrenergic surge and
ventricular mechanoreceptor activation that commonly precedes
and might be part of the trigger in reflex syncope [15,33]. Encourag-
ing evidence is derived mainly from observational experiences and
one small randomized trial [83–85]. However, POST, a large random-
ized placebo-controlled double-blind trial, showed no clear ß-blocker
benefit in terms of syncope recurrence prevention [86]. A total of 208
patients with a median of 9 syncopal spells over a median of 11 years
were randomized, 108 to receive metoprolol and 100 to the placebo
group. The likelihood of recurrent syncope was not significantly dif-
ferent between groups. Neither the age of the patient nor the need
for isoproterenol to produce a positive tilt test predicted subsequent
significant benefit from metoprolol [86].

Selective serotonin reuptake inhibitors have been thought to blunt
an abnormal hypersensitive serotonin response in the central nervous
systemcontributing to triggering neurally-mediated syncope. However,
although paroxetinewas shown to reduce syncope recurrence in 30 pa-
tients taking active medication compared with placebo, a next study
demonstrated no benefit in preventing the vasovagal reaction associat-
ed with carotid sinus massage and/or lower body negative pressure in
healthy volunteers [87,88].

Among the α-agonist vasoconstrictors, midodrine is recommended
in patients with orthostatic hypotension and recurrent vasovagal syn-
cope [27]. It constricts both arterial and venous beds, thus increases pe-
ripheral blood pressure, improves venous return and diminishes venous
pooling. It showed positive results in three randomized controlled trials
enrolling patients with very frequent reflex syncope mainly due to or-
thostatic intolerance [89–91]. Its major limitations are 1) frequent dos-
ing, limiting long-term compliance; 2) hypertension; and 3) urinary
retention or urgency in older men. Therefore, chronic treatment with
midodrinemay be of little use in neurally-mediated syncope. However,
one dose of midodrine 1 h before to protracted standing or performing
an activity that typically triggers syncope (pill in the pocket strategy),
might be useful in selected patients in addition to lifestyle measures
and physical therapies.
16. Cardiac pacing

With the exception of carotid-sinus syncope, forwhich early initiation
of dual-chamber cardiac pacing is considered an essential part of the
treatment [92,93], the role of pacemaker therapy for refractory neurally-
mediated reflex syncope is controversial and not yet fully established.

Non-placebo randomized controlled trials, such as the North
American Vasovagal Pacemaker Study (VPS), VAsovagal Syncope In-
ternational Study (VASIS) and SYncope DIagnosis and Treatment
study (SYDIT), showed a significant reduction in syncope recurrences
with dual-chamber pacing [94–96]. However, placebo randomized
controlled trials, such as VPS-II and vasovagal SYNcope and PACING
(SYNPACE), in which all patients received dual-chamber pacemakers
and randomly assigned to being “ON” (DDD mode) or “OFF” (ODO;
sensing without pacing), could not reproduce this favorable outcome
[97,98]. A recent meta-analysis suggested a non-significant 17% re-
duction in recurrences from the double-blinded studies, and an 84%
reduction in the studies where the control group did not receive pac-
ing [99]. Thus, VPS, VASIS and SYDIT have overestimated the efficacy
of pacemaker therapy due to a lack of blinding of physicians and pa-
tients and, on the other hand, VPS-II and SYNPACE suggest that the
apparent beneficial results are due to a strong expectation response
to pacing [99]. Finally, the pre-implant patients' selection in these tri-
als was based on a positive tilt-table test response, which has been
clearly shown not to be predictive of spontaneous syncope [40,41].
As a result, the controversial results from these studies are not sur-
prising if we consider that pacing is effective for the cardioinhibitory
component of reflex syncope but has no effect on its vasodepressor
component, which is often the dominant reflex. Cardiac pacing
should be recommended only for patients with spontaneous symp-
tomatic bradycardia and/or asystolic pauses detected during pro-
longed ECG monitoring as emerged from the results of the ISSUE-2
study (summarized in earlier text), which have given “birth” to the
ISSUE-3. This large ongoing placebo-controlled randomized trial is
testing the value of pacing in patients with reflex syncope and asys-
tole documented by ILR [100].

17. Conclusions

The management and treatment of syncope in adults are in con-
tinuous growth. Much has been done in the last decade thanks to
the efforts of professional medical societies. Our review has summa-
rized evidence-based management strategies and therapeutic recom-
mendations and emphasized the importance for physicians to adhere
to current guidelines. A modern approach to syncope should take into
account 1) use of risk stratification algorithms and implementation of
syncope management units to increase the diagnostic yield and re-
duce costs; 2) early ILR implantation rather than late in the evaluation
of syncope of unknown origin; and 3) isometric PCMs as first-line
treatment for patients with neurally-mediated syncope and recogniz-
able prodromal symptoms.
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