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Preamble

Guidelines and Expert Consensus Documents summarize and

evaluate all currently available evidence on a particular issue with

the aim of assisting physicians in selecting the best management

strategies for a typical patient, suffering from a given condition,

taking into account the impact on outcome, as well as the risk/

benefit ratio of particular diagnostic or therapeutic means. Guide-

lines are no substitutes for textbooks. The legal implications of

medical guidelines have been previously discussed.

A great number of Guidelines and Expert Consensus Docu-

ments have been issued in recent years by the European Society

of Cardiology (ESC) as well as by other societies and organizations.

Because of the impact on clinical practice, quality criteria for the

development of guidelines have been established in order to

make all decisions transparent to the user. The recommendations

for formulating and issuing ESC Guidelines and Expert Consensus

Documents can be found on the ESC Web Site (http://www

.escardio.org/guidelines).

In brief, experts in the field are selected and undertake a com-

prehensive review of the published evidence for management and/

or prevention of a given condition. A critical evaluation of diagnos-

tic and therapeutic procedures is performed, including assessment

of the risk/benefit ratio. Estimates of expected health outcomes for

larger societies are included, where data exist. The level of evi-

dence and the strength of recommendation of particular treatment

options are weighed and graded according to predefined scales, as

outlined in Tables 1 and 2.

The experts of the writing panels have provided disclosure

statements of all relationships they may have which might be per-

ceived as real or potential sources of conflicts of interest. These

disclosure forms are kept on file at the European Heart House

Headquarters of the ESC. Any changes in conflict of interest that

arise during the writing period must be notified to the ESC. The

Task Force (TF) report was entirely supported financially by the

ESC and was developed without any involvement of industry.

The ESC Committee for Practice Guidelines (CPG) supervises

and coordinates the preparation of new Guidelines and Expert

Consensus Documents produced by TF expert groups or consen-

sus panels. The Committee is also responsible for the endorse-

ment process of these Guidelines and Expert Consensus

Documents or statements. Once the document has been finalized

and approved by all the experts involved in the TF, it is submitted

to outside specialists for review. The document is revised, finally

approved by the CPG,and subsequently published.

After publication, dissemination of the message is of paramount

importance. Pocket-sized versions and personal digital assistant

(PDA)-downloadable versions are useful at the point of care.

Some surveys have shown that the intended end-users are some-

times not aware of the existence of the guidelines, or simply do

not translate them into practice; this is why implementation pro-

grammes for new guidelines form an important component of the

dissemination of knowledge. Meetings are organized by the ESC

and are directed towards its member national societies and key

opinion leaders in Europe. Implementation meetings can also be

undertaken at national levels, once the guidelines have been

endorsed by ESC member societies and translated into the national

language. Implementation programmes are needed because it has

been shown that the outcome of disease may be favourably influ-

enced by thorough application of clinical recommendations.

Thus, the task of writing Guidelines or Expert Consensus Docu-

ments covers not only the integration of the most recent research,

but also the creation of educational tools and implementation pro-

grammes for the recommendations. The loop between clinical

research, the writing of guidelines, and implementing them into

clinical practice can then only be completed if surveys and regis-

tries are performed to verify that real-life daily practice is in

keeping with what is recommended in the guidelines. Such

surveys and registries also make it possible to evaluate the

impact of implementation of the guidelines on patient outcomes.

Guidelines and recommendations should help physicians to make

decisions in their clinical practice; however, the ultimate judgement

regarding the care of an individual patient must be made by the

physician in charge of that patient.
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Introduction

The first ESC Guidelines for the management of syncope, were

published in 2001, and reviewed in 2004.1 In March 2008, the

CPG considered that there were enough new data to justify pro-

duction of new guidelines.

There are two main aspects of this document that differentiate it

from its predecessors.

The first is to stress the concept that there are two distinct

reasons for evaluating patients with syncope: one is to identify

the precise cause in order to address an effective mechanism-

specific treatment; the other is to identify the specific risk to the

patient, which frequently depends on the underlying disease

rather than on the mechanism of syncope itself. The background

is provided for physicians to avoid confounding these two

concepts.

The second aspect is to produce a comprehensive document

which is addressed not only to cardiologists but to all physicians

who are interested in the field. In order to achieve this aim a

great number of other specialists were involved, as either full

members, external contributors, or reviewers nominated by inter-

national societies of neurology, autonomic disease, internal medi-

cine, emergency medicine, geriatrics, and general medicine. In

total 76 specialists from different disciplines participated in this

project.

The most relevant changes are listed here:

† An update of the classification of syncope in the larger frame-

work of transient loss of consciousness (T-LOC).

† New data on epidemiology.

† A new diagnostic approach focusing on risk stratification of

sudden cardiac death (SCD) and cardiovascular events after

initial evaluation, including some recommendations for treat-

ment in patients with unexplained syncope at high risk.

† Emphasis on the increasing role of a diagnostic strategy based on

prolonged monitoring in contrast to the conventional strategy

based on laboratory testing.

† An update of evidence-based therapy.

Table 1 Classes of recommendations

Table 2 Levels of evidence
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The literature on syncope investigation and treatment is largely

composed of case series, cohort studies, or retrospective analyses

of already existing data. The impact of these approaches on guiding

therapy and reducing syncope recurrences is difficult to discern

without randomization and blinding. Because of these issues, the

panel performed full reviews of the literature on diagnostic tests

but did not use predefined criteria for selection of articles to be

reviewed. This TF recognizes that for some of the recommen-

dations related to diagnostic processes, controlled trials have

never been performed. Consequently, some of these recommen-

dations are based on brief observational studies, accepted clinical

practice, expert consensus and sometimes common sense. In

those cases, according to the current format of recommendations,

a level of evidence C is given.

Part 1. Definitions, classification
and pathophysiology,
epidemiology, prognosis, impact
on quality of life, and economic
issues

1.1 Definitions

Syncope is a T-LOC due to transient global cerebral hypoperfusion

characterized by rapid onset, short duration, and spontaneous

complete recovery.

This definition of syncope differs from others by including the

cause of unconsciousness, i.e. transient global cerebral hypoperfu-

sion. Without that addition, the definition of syncope becomes

wide enough to include disorders such as epileptic seizures and

concussion. In fact, the definition then becomes that of T-LOC, a

term purposely meant to encompass all disorders characterized

by self-limited loss of consciousness (LOC), irrespective of mech-

anism (Figure 1). By distinguishing both T-LOC and syncope, the

present definition minimizes conceptual and diagnostic confusion.

In the past, papers often did not define syncope, or did so in differ-

ent ways.2 Syncope was sometimes used for T-LOC, thus including

epileptic seizures and even stroke in ‘syncope’. This source of con-

fusion may still be found in the literature.3,4

In some forms of syncope there may be a prodromal period in

which various symptoms (e.g. lightheadedness, nausea, sweating,

weakness, and visual disturbances) warn that syncope is imminent.

Often, however, LOC occurs without warning. An accurate esti-

mate of the duration of spontaneous episodes is rarely obtained.

Typical syncope is brief. Complete LOC in reflex syncope lasts

no longer than 20 s in duration. However, syncope may rarely

be longer, even as much as several minutes.5 In such cases, the

differential diagnosis between syncope and other causes of LOC

can be difficult. Recovery from syncope is usually accompanied

by almost immediate restoration of appropriate behaviour and

orientation. Retrograde amnesia, although believed to be uncom-

mon, may be more frequent than previously thought, particularly

in older individuals. Sometimes the post-recovery period may be

marked by fatigue.5

The adjective ‘pre-syncopal’ is used to indicate symptoms and

signs that occur before unconsciousness in syncope, so its

meaning is literal when used in this context and making it a

synonym of ‘warning’ and ‘prodromal’. The noun ‘pre-syncope’

or ‘near-syncope’ is used often to describe a state that resembles

the prodrome of syncope but which is not followed by LOC;

doubts remain as to whether the mechanisms involved are the

same as in syncope.

1.2 Classification and
pathophysiology

1.2.1 Placing syncope in the larger
framework of transient loss of
consciousness (real or apparent)
The context of T-LOC is shown in Figure 1. Two decision trees

separating T-LOC from other conditions are whether conscious-

ness appears lost or not, and whether the four features defining

the presentation of T-LOC (transient, with rapid onset, short dur-

ation, and spontaneous recovery) are present.

T-LOC is divided into traumatic and non-traumatic forms. Con-

cussion usually causes LOC; as the presence of a trauma is usually

clear, the risk of diagnostic confusion is limited.

Non-traumatic T-LOC is divided into syncope, epileptic sei-

zures, psychogenic pseudosyncope, and rare miscellaneous

causes. Psychogenic pseudosyncope is discussed elsewhere in

this document. Rare miscellaneous disorders include either those

that are rare (e.g. cataplexy) or those whose presentation

Figure 1 Context of transient loss of consciousness (T-LOC).

SCD ¼ sudden cardiac death.
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resembles other forms of T-LOC only in rare circumstances (e.g.

excessive daytime sleepiness).

Several disorders may resemble syncope in two different ways

(Table 3). In some, consciousness is truly lost, but the mechanism

is something other than global cerebral hypoperfusion. Examples

are epilepsy, several metabolic disorders (including hypoxia and

hypoglycaemia), intoxication, and vertebrobasilar transient ischae-

mic attack (TIA). In other disorders, consciousness is only appar-

ently lost; this is the case in cataplexy, drop attacks, falls,

psychogenic pseudosyncope, and TIA of carotid origin. In these

cases, the differential diagnosis from syncope is usually evident,

but sometimes may be difficult because of lack of history, mislead-

ing features, or confusion over the definition of syncope. This

differentiation is important for the clinician being confronted by

patients with sudden LOC (real or apparent), which may be due

to causes not associated with decreased global cerebral blood

flow such as seizure and/or conversion reaction.

1.2.2 Classification and pathophysiology
of syncope
Table 4 provides a pathophysiological classification of the principal

causes of syncope, emphasizing large groups of disorders with a

common presentation associated with different risk profiles. A dis-

tinction along pathophysiological lines centres on a fall in systemic

blood pressure (BP) with a decrease in global cerebral blood flow

as the basis for syncope. A sudden cessation of cerebral blood flow

for as short as 6–8 s has been shown to be sufficient to cause

complete LOC. Experience from tilt testing showed that a

decrease in systolic BP to 60 mmHg or lower is associated with

syncope.6 Systemic BP is determined by cardiac output (CO)

and total peripheral vascular resistance, and a fall in either can

cause syncope, but a combination of both mechanisms is often

present, even if their relative contributions vary considerably.

Figure 2 shows how pathophysiology underpins the classification,

with low BP/global cerebral hypoperfusion at the centre, adjacent

to low or inadequate peripheral resistance and low CO.

A low or inadequate peripheral resistance can be due to inap-

propriate reflex activity depicted in the next ring, causing vasodila-

tation and bradycardia manifesting as vasodepressor, mixed, or

cardioinhibitory reflex syncope, seen in the outer ring. Other

causes of a low or inadequate peripheral resistance are functional

and structural impairments of the autonomic nervous system

(ANS) with drug-induced, primary and secondary autonomic

Table 4 Classification of syncopeTable 3 Conditions incorrectly diagnosed as syncope

LOC ¼ loss of consciousness; TIA ¼ transient ischaemic attack.
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failure (ANF) in the outer ring. In ANF, sympathetic vasomotor

pathways are unable to increase total peripheral vascular resistance

in response to the upright position. Gravitational stress, in combi-

nation with vasomotor failure, results in venous pooling of blood

below the diaphragm, causing a decrease in venous return and con-

sequently in CO.

The causes of transient low CO are 3-fold. The first is a reflex

causing bradycardia, known as cardioinhibitory type of reflex

syncope. The second is cardiovascular causes, due to arrhythmia

and structural disease including pulmonary embolism/hypertension.

The third is inadequate venous return, due to volume depletion or

venous pooling. The three final mechanisms, reflex, secondary to

orthostatic hypotension (OH), and cardiovascular, are shown

outside the rings in Figure 2; reflex syncope and OH span the

two main pathophysiological categories.

1.2.2.1 Reflex syncope (neurally mediated syncope)

Reflex syncope traditionally refers to a heterogeneous group of

conditions in which cardiovascular reflexes that are normally

useful in controlling the circulation become intermittently inap-

propriate, in response to a trigger, resulting in vasodilatation and/

or bradycardia and thereby in a fall in arterial BP and global cer-

ebral perfusion.7

Reflex syncope is usually classified based on the efferent

pathway most involved, i.e. sympathethic or parasympathetic.

The term ‘vasodepressor type’ is commonly used if hypotension,

due to a loss of upright vasoconstrictor tone, predominates. ‘Car-

dioinhibitory’ is used when bradycardia or asystole predominate,

and ‘mixed’ is used if both mechanisms are present.

Reflex syncope may also be classified based on its trigger, i.e. the

afferent pathway (Table 4). It must be recognized that this is a sim-

plification, because many different mechanisms can be present in

the context of a specific situation, such as micturition or defaeca-

tion syncope. The triggering situations vary considerably in and

between individual patients. In most cases the efferent pathway

does not depend strongly on the nature of the trigger [e.g. both

micturition syncope and vasovagal syncope (VVS) may present as

cardioinhibitory or vasodepressor syncope]. Knowing the various

triggers is clinically important, as recognizing them may be instru-

mental in diagnosing syncope:

† ‘Vasovagal’ syncope (VVS), also known as the ‘common faint’, is

mediated by emotion or by orthostatic stress. It is usually pre-

ceded by prodromal symptoms of autonomic activation (sweat-

ing, pallor, nausea).

† ‘Situational’ syncope traditionally refers to reflex syncope associ-

ated with some specific circumstances. Post-exercise syncope

can occur in young athletes as a form of reflex syncope as

well as in middle-aged and elderly subjects as an early manifes-

tation of ANF before they experience typical OH.

† ‘Carotid sinus’ syncope deserves special mention. In its rare spon-

taneous form it is triggered by mechanical manipulation of the

carotid sinuses. In the more common form no mechanical

trigger is found and it is diagnosed by carotid sinus massage

(CSM).8

† The term ‘atypical form’ is used to describe those situations in

which reflex syncope occurs with uncertain or even apparently

absent triggers. The diagnosis then rests less on history taking

alone, and more on the exclusion of other causes of syncope

(absence of structural heart disease) and on reproducing

similar symptoms with tilt testing. Such less clear presentations

may overlap with clear-cut occurrences within patients.

The classical form of VVS usually starts in young subjects as an

isolated episode and is distinct from other forms, frequently with

an atypical presentation, starting in old age often associated with

cardiovascular or neurological disorders possibly displaying ortho-

static or post-prandial hypotension. In these latter forms, reflex

syncope appears as an expression of a pathological process,

mainly related to impairment of the ANS to activate compensatory

reflexes, so there is an overlap with ANF.9

A comparison with other conditions causing syncope in the

standing position is presented in Table 5.

1.2.2.2 Orthostatic hypotension and orthostatic

intolerance syndromes

In contrast to reflex syncope, in ANF sympathetic efferent activity

is chronically impaired so that vasoconstriction is deficient. Upon

standing, BP falls and syncope or pre-syncope occurs. OH is

defined as an abnormal decrease in systolic BP upon standing.

Strictly from a pathophysiological point of view there is no

overlap between reflex syncope and ANF, but the clinical manifes-

tations of the two conditions frequently overlap, sometimes

making differential diagnosis difficult. ‘Orthostatic intolerance’ refers

to symptoms and signs in the upright position due to a circulatory

abnormality. Syncope is one symptom, and others are: (i) dizziness/

lightheadedness, pre-syncope; (ii) weakness, fatigue, lethargy; (iii)

palpitations, sweating; (iv) visual disturbances (including blurring,

enhanced brightness, tunnel vision); (v) hearing disturbances

(including impaired hearing, crackles, and tinnitus); and (vi) pain

in the neck (occipital/paracervical and shoulder region), low back

pain, or precordial pain.10,11

Figure 2 Pathophysiological basis of the classification (see

text). ANF ¼ autonomic nervous failure; ANS ¼ autonomic

nervous system; BP ¼ blood pressure; low periph. resist. ¼ low

peripheral resistance; OH ¼ orthostatic hypotension.
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Table 5 Syndromes of orthostatic intolerance which may cause syncope

CO ¼ cardiac output; CSS ¼ carotid sinus syndrome; OH ¼ orthostatic hypotension; POTS¼ postural orthostatic tachycardia syndrome; SBP ¼ systolic blood pressure; SVR ¼ systemic vascular resistance; VVS¼ vasovagal syncope.
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Various clinical syndromes of orthostatic intolerance are given in

Table 5. Among these, the forms of reflex syncope in which ortho-

static stress is the main trigger are also included.

† ‘Classical OH’ is a physical sign defined as a decrease in systolic

BP �20 mmHg and in diastolic BP �10 mmHg within 3 min

of standing12 (Figure 3), described in patients with pure ANF,

hypovolaemia, or other forms of ANF.

† ‘Initial OH’13 is characterized by a BP decrease immediately on

standing of .40 mmHg.13 BP then spontaneously and rapidly

returns to normal, so the period of hypotension and symptoms

is short (,30 s) (Figure 3).

† ‘Delayed (progressive) OH’14 – 16 is not uncommon in elderly

persons. It is attributed to age-related impairment of com-

pensatory reflexes and stiffer hearts in the elderly sensitive

to a decrease in preload.16 Delayed OH is characterized by

a slow progressive decrease in systolic BP on assuming

erect posture. The absence of a bradycardiac reflex (vagal)

differentiates delayed OH from reflex syncope. Delayed

OH may, however, be followed by reflex bradycardia,

where, in the elderly, the fall in BP is less steep than in the

young (Figure 4).

† ‘Postural orthostatic tachycardia syndrome’ (POTS). Some patients,

mostly young women, present with severe complaints of ortho-

static intolerance, but not syncope, with very marked heart rate

(HR) increases [.30 beats per minute (b.p.m.) or to

.120 b.p.m.] and instability of BP.17 POTS is frequently associ-

ated with chronic fatigue syndrome. The underlying pathophy-

siology remains to be determined.

1.2.2.3 Cardiac syncope (cardiovascular)

Arrhythmia

Arrhythmias are the most common cardiac causes of syncope.

They induce haemodynamic impairment, which can cause a critical

decrease in CO and cerebral blood flow. Nonetheless, syncope

often has multiple contributory factors, including HR, type of

arrhythmia (supraventricular or ventricular), left ventricular func-

tion, posture, and adequacy of vascular compensation. The latter

include baroreceptor neural reflexes as well as responses to OH

induced by the arrhythmia.18,19 Regardless of such contributing

effects, when an arrhythmia is the primary cause of syncope, it

should be specifically treated.

In intrinsic sick sinus syndrome, the sinoatrial node is damaged,

because of either abnormal automaticity or sinoatrial conduction

abnormalities. In this situation syncope is due to long pauses

caused by sinus arrest or sinoatrial block and a failure of escape

mechanism. These pauses are most frequently encountered

when an atrial tachyarrhythmia suddenly stops (brady-tachy

syndrome).19

As a rule, the more severe forms of acquired atrioventricular

(AV) block (Mobitz II block, ‘high grade’, and complete AV

block) are most closely related to syncope. In these cases, the

Figure 3 A case of ‘initial orthostatic hypotension’ (left panel)

and of ‘classical orthostatic hypotension’ (right panel). In the left

panel obtained in an otherwise healthy 17-year-old teenager with

complaints of severe transient lightheadedness upon active stand-

ing, a pronounced initial fall in BP is observed. The nadir is at

7–10 s and followed by recovery of BP. The tracing on the

right is obtained in a 47-year-old male with pure ANF. BP

starts to fall immediately after standing to very low levels after

1 min upright with little increase in HR despite the hypoten-

sion.12,13 ANF ¼ autonomic failure; BP ¼ blood pressure;

HR ¼ heart rate; b.p.m. ¼ beats per minute.

Figure 4 Reflex syncope (mixed form) induced by tilt testing in

a 31-year-old (upper panel) and in a 69-year-old patient (lower

panel). Note the typical age differences with a much steeper

fall in BP in the younger subject compared with the older

subject (revised after Verheyden et al.16). BP ¼ blood pressure;

HR ¼ heart rate; b.p.m. ¼ beats per minute.
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cardiac rhythm may become dependent on subsidiary or escape

(often unreliable) pacemaker sites. Syncope occurs because the

delay before these pacemakers begin to ‘fire’ is long. In addition

these subsidiary pacemaker sites typically have relatively slow

rates (25–40 b.p.m.). Bradycardia also prolongs repolarization

and predisposes to polymorphic ventricular tachycardia (VT),

especially of the torsade de pointes type.

Syncope or near-syncope occurs at the onset of paroxysmal

tachycardia, before vascular compensation develops.18,19 Con-

sciousness is, in general, restored before tachycardia terminates.

If haemodynamics remain inadequate due to tachycardia, uncon-

sciousness is maintained. Recovery is then not spontaneous, no

longer classified as syncope, and constitutes cardiac arrest.

Several drugs can cause brady- and tachyarrhythmias. Many

antiarrhythmic drugs can cause bradycardia as a consequence of

their specific effect on sinus node function or AV conduction.

Syncope due to torsade de pointes is not uncommon, especially

in women, and is caused by drugs prolonging the QT interval. It

is particulary frequent in patients affected by the long QT

syndrome. QT-prolonging drugs belong to different categories,

i.e. antiarrhythmics, vasodilators, psychotropics, antimicrobials,

non-sedating antihistamines, etc. Much has been learned about

the inherited long QT syndrome through the collection of data

in an international registry. Far less is known about the

drug-induced syndrome because of the absence of a comprehen-

sive database. Only 1% of serious adverse reactions to drugs are

ever reported to the Food and Drug Administration (FDA).20,21

Owing to the wide variety of these drugs and the need for continu-

ous updating, this TF recommends accessing a dedicated website

(www.qtdrugs.org).

Structural disease

Structural cardiovascular diseases can cause syncope when circula-

tory demands outweigh the impaired ability of the heart to

increase its output. Table 4 lists the most frequent cardiovascular

diseases that can cause syncope. Syncope is of great concern

when it is associated with conditions in which there is fixed or

dynamic obstruction to left ventricular outflow. The basis for the

faint is inadequate blood flow due to mechanical obstruction.

Nonetheless, in several cases, syncope is not solely the result of

restricted CO, but may be in part due to an inappropriate reflex

or OH. For instance, in the setting of valvular aortic stenosis,

syncope is not solely the result of restricted CO, but may be in

part due to inappropriate reflex vasodilation and/or primary

cardiac arrhythmia. Furthermore, arrhythmias, particularly atrial

fibrillation, are frequently important causes of faint. Thus, the

mechanism of syncope may be multifactorial. To recognize the

heart as the cause of the problem is justified by the need to

correct the underlying structural disease, when possible.

1.3 Epidemiology

1.3.1 Prevalence of syncope in the
general population
Syncope is common in the general population and the first episode

presents at characteristic ages (Figure 5). About 1% of toddlers may

have a form of VVS.22,23 There is a very high prevalence of first

faints in patients between 10 and 30 years, with a peak of �47%

in females and 31% in males around the age of 15.24,25 Reflex

syncope is by far the most common cause. In contrast, the fre-

quency of epileptic seizures in a similar young age group is much

lower (,1%) and syncope from cardiac arrhythmia is even less

common.26 In a cohort study, only 5% of adults in the community

have a first syncope over the age of 40 years. The majority have

experienced reflex-mediated episodes as teenagers and adoles-

cents.26 Finally, there appears to be a peak above the age of 65

years in both males and females. In the Framingham study the inci-

dence of syncope shows a sharp rise after the age of 70 years, from

5.7 events per 1000 person-years in men aged 60–69, to 11.1 in

men aged 70–79.3,26 However, in older adults and elderly subjects

(.60 years) the lifetime cumulative incidence of syncope becomes

increasingly difficult to obtain due to recollection bias of fainting

episodes decades ago.26,27

1.3.2 Referral from the general
population to medical settings
A very small fraction of patients with syncope in the general popu-

lation, present in any clinical setting (Figure 6). In the Framingham

offspring study, 44% of the participants (mean age 51 years,

Figure 5 Schematic presentation of the distribution of age and

cumulative incidence of first episode of syncope in the general

population from subjects up to 80 years is shown. The data

from subjects 5–60 years come from a study by Ganzeboom

et al.24 The data from subjects ,5 years are based on those of

Lombroso et al.22 and those from subjects aged 60–80 years

on the study by Soteriades et al.3
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range 20–96 years) with an episode of LOC reported that they did

not seek medical advice.3 The proportion of patients not seeking

medical evaluation in the younger population is much higher.25,26

In The Netherlands the prevalence of the complaint of fainting in

general practice is estimated at 9.3 per 1000 encounter-years.26,28

Recent studies report a remarkably constant frequency of syncope

in community-based Emergency Departments (EDs) in Europe,

with an incidence of �1% of all attendances (range 0.9–

1.7%).29–35

1.3.3 Prevalence of the causes of syncope
The prevalence of the causes of syncope is different depending on

the clinical settings in which the patient is evaluated (Table 6) and

the age of the patients (Table 7). Furthermore, other differences

depend on diagnostic definitions, geographical factors, and local

care pathways, making a comparison between different studies

difficult.

Some general comments are however possible:

† Reflex syncope is the most frequent cause of syncope in any

setting.

† Syncope secondary to cardiovascular disease is the second most

common cause. The number of patients with a cardiovascular

cause varies widely between studies; higher frequencies are

observed in emergency settings mainly in older subjects, and

in settings oriented toward cardiology.

† In patients ,40 years OH is a rare cause of syncope; OH is fre-

quent in very old patients.

† Non-syncopal conditions, misdiagnosed as syncope at initial

evaluation, are more frequent in emergency referrals and

reflect the multifactorial complexity of these patients.

† The high unexplained syncope rate in all settings justifies new

strategies for evaluation and diagnosis.

While in the young reflex syncope is by far the most frequent

cause of T-LOC, in the elderly multiple causes are often present

and the medical history may be less reliable than in the

young.36–39

1.4 Prognosis

With regard to the prognosis (i.e. risk stratification) associated

with syncope, two important elements should be considered: (i)

risk of death and life-threatening events; and (ii) risk of recurrence

of syncope and physical injury.

1.4.1 Risk of death and life-threatening
events
Structural heart disease40–49 and primary electrical disease50–52

are major risk factors for SCD and overall mortality in patients

with syncope. OH is associated with a 2-fold higher risk of death

owing to the severity of co-morbidities compared with the

general population.11 Conversely, young patients in whom struc-

tural or electrical heart disease have been excluded and are

affected by reflex syncope have an excellent prognosis.3 Most of

the deaths and many poor outcomes seem to be related to the

severity of the underlying disease rather than to syncope per se.

Several clinical factors able to predict outcome have been ident-

ified in some prospective population studies involving a validation

cohort (Table 8).

1.4.2 Recurrence of syncope and risk
of physical injury
In population studies, approximately one-third of patients have

recurrence of syncope in 3 years follow-up. The number of epi-

sodes of syncope during life is the strongest predictor of recur-

rence. For example, in patients with uncertain diagnosis, low risk

and age .40 years, a history of one or two episodes of syncope

during life predicted a recurrence of 15 and 20% after 1 and 2

years, respectively, whereas a history of three episodes of

syncope during life predicted a recurrence of 36 and 42% after 1

and 2 years, respectively.53

A psychiatric disease and age ,45 years are also associated with

higher rates of pseudosyncope. Conversely, gender, tilt test

response, severity of presentation, and presence or absence of

structural heart disease have minimal or absent predictive value.1,53

Major morbidity, such as fractures and motor vehicle acci-

dents, were reported in 6% of patients, and minor injury, such

as laceration and bruises, in 29%. Recurrent syncope is associated

with fractures and soft tissue injury in 12% of patients.1 In

patients presenting to an ED, minor trauma were reported in

29.1% and major trauma in 4.7% of cases; the highest prevalence

(43%) was observed in older patients with carotid sinus syn-

drome (CSS).54

Morbidity is particulary high in the elderly and ranges from loss

of confidence, depressive illness, and fear of falling, to fractures and

subsequent institutionalization.55,56

1.5 Impact on quality of life

Recurrent syncope has serious effects on quality of life. The

physical impairment due to syncope is comparable with

chronic illnesses such as chronic arthritis, recurrent moderate

depressive disorders, and end-stage renal disease.57 – 59 In

Figure 6 Syncope events/visits per 1000 patient-years in The

Netherlands (from Ganzeboom et al.27 with permission). ED ¼

Emergency Department.
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Table 6 Frequency of the causes of syncope in general population, Emergency Department and specialized clinical settings from some recent studies

ED ¼ Emergency Department; OH ¼ orthostatic hypotension; T-LOC ¼ transient loss of consciousness.
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patients with frequent recurrent syncope, psychosocial impair-

ment had an estimated average adverse impact on 33% of the

assessed aspects of daily life. Syncope reduces mobility, usual

abilities, and self-caring, and increases depression, pain, and dis-

comfort. Female gender, high level of co-morbidity, number of

episodes of syncope, and presence of pre-syncope seemed to

be associated with poorer quality of life. Finally, it should be

stressed that, while syncope occurs intermittently, its threat of

recurrence continuously impairs quality of life. Although

quality of life usually improves over time, it remains poor,

especially in older age due to recurrences and higher level of

co-morbidity.60

1.6 Economic issues

The management of syncope is expensive for a number of reasons:

(1) As syncope is very frequent in the general population, it inevi-

tably results in high direct clinical and indirect social costs.

Approximately 1% of referrals to the ED are for syncope; of

these, �40% are hospitalized.30,31,33,61 In a large study32 the

median in-hospital stay was 5.5 days (interquartile range

3–9). Hospitalization costs account for .75% of the total

costs.62–64

(2) A wide range of conditions may cause syncope. Consequently,

without strict adherence to published management guidelines

the evaluation of syncope patients has proved to be inefficient.

The absence of a gold standard clinical test able to provide a

certain, easy, and cheap diagnosis, and the widespread inap-

propriate use of multiple but inefficiently directed diagnostic

tests (‘shotgun approach’) results in overuse of medical

resources and increased costs. By following a well defined

standardized care pathway a considerable improvement in

diagnostic yield and cost-effectiveness (i.e. cost per reliable

diagnosis) can be achieved64 (see section 5.3).

Although a comparison of costs between different studies is dif-

ficult, owing to differences in methods of calculation and between

healthcare systems in different countries, it is generally believed

that costs associated with syncope management are high. In the

USA, estimated total annual costs for syncope-related admissions,

derived from the Medicare database, were US$2.4 billion, with a

mean cost of US$5400 per hospitalization.65 In the UK,63 the

overall cost per patient was £611, with 74% attributed to the

costs of hospital stay. Cost per diagnosis of patients admitted to

hospital was £1080. In a multicentre study performed in Italy.64

929 patients evaluated according to usual practice were compared

with 725 patients evaluated using a standardized guideline-based

approach. In the usual practice group, the cost per diagnosis was

E1753+ 2326 per patient; it increased to E3506+ 2729 for hos-

pitalized patients. When compared with the usual-care group, the

standardized-care group had a 17% lower hospitalization rate, 24%

fewer tests performed, and 11% shorter in-hospital stay. As a con-

sequence, the mean cost per diagnosis was 29% lower (E1240+

521 P ¼ 0.0001).
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Part 2. Initial evaluation,
diagnosis, and risk stratification

2.1 Initial evaluation

The initial evaluation of a patient presenting with T-LOC consists

of careful history, physical examination, including orthostatic BP

measurements, and electrocardiogram (ECG). Based on these find-

ings, additional examinations may be performed:

† CSM in patients .40 years.

† Echocardiogram when there is previous known heart disease or

data suggestive of structural heart disease or syncope secondary

to cardiovascular cause.

† Immediate ECG monitoring when there is a suspicion of

arrhythmic syncope.

† Orthostatic challenge (lying-to-standing orthostatic test and/or

head-up tilt testing) when syncope is related to the standing

position or there is a suspicion of a reflex mechanism.

† Other less specific tests such as neurological evaluation or

blood tests are only indicated when there is suspicion of non-

syncopal T-LOC.

The initial evaluation should answer three key questions:

(1) Is it a syncopal episode or not?

(2) Has the aetiological diagnosis been determined?

(3) Are there data suggestive of a high risk of cardiovascular events

or death?

2.1.1 Diagnosis of syncope
The differentiation between syncope and non-syncopal conditions

with real or apparent LOC can be achieved in most cases with a

detailed clinical history,66–68 but sometimes can be extremely

difficult.

The following questions should be answered:

† Was LOC complete?

† Was LOC transient with rapid onset and short duration?

† Did the patient recover spontaneously, completely and without

sequelae?

† Did the patient lose postural tone?

If the answers to these questions are positive, the episode has a

high likelihood of being syncope. If the answer to one or more of

these questions is negative, exclude other forms of LOC before

proceeding with syncope evaluation.

2.1.2 Aetiological diagnosis
Initial evaluation is able to define the cause of syncope in 23–50%

of patients.33,69 Table 9 lists some of the most important questions

that must be answered by the clinical history. There are some find-

ings in the clinical history, physical examination, or ECG that can be

Table 8 Risk stratification at initial evaluation in prospective population studies including a validation cohort

This table shows several different studies that have analysed the impact of different clinical data on the follow-up of patients presenting with syncope. Overall, the

presence of abnormal ECG, increased age, or data suggestive of heart disease imply a worse prognosis at 1–2 year follow-up
aNausea/vomiting
bWarm-crowded place/ prolonged orthostasis/fear–pain–emotion.

ECG ¼ electrocardiogram
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considered diagnostic of the cause of syncope, permiting no

further evaluation and institution of treatment.

In many other situations, the findings of initial evaluation do

not permit a definite diagnosis to be made, but suggest some

causes (Table 10). In these cases, additional testing is usually

needed.

2.1.3 Risk stratification
When the cause of syncope remains uncertain after initial evalu-

ation the next step is to assess the risk of major cardiovascular

events or SCD. Figure 7 shows the diagnostic flow chart to be fol-

lowed in these patients.

The main high risk features, in accordance with recent guidelines

on SCD and cardiac pacing,70–73 are listed in Table 11.

2.2 Diagnostic tests

2.2.1 Carotid sinus massage
It has long been observed that pressure at the site where the

common carotid artery bifurcates produces a slowing in HR

and fall in BP. In some individuals, this reflex initiated by CSM

results in an abnormal response. A ventricular pause lasting .3

s and/or a fall in systolic BP of .50 mmHg defines carotid

sinus hypersensitivity (CSH). When associated with spontaneous

syncope, CSH defines CSS. Precise methodology and results of

CSM are reported in the previous guidelines on syncope.1 Diag-

nosis of CSS requires the reproduction of spontaneous symp-

toms during 10 s sequential right and left CSM performed

supine and erect, under continuous monitoring of HR and peri-

odic measurement of BP, permitting better evaluation of the

vasodepressor component.74 In up to 30% of patients, an abnor-

mal reflex is present only in the upright position. It should be

stressed that CSH is a common finding in older male individuals,8

but patients with CSS are more unusual.75 CSS is exceptional in

patients ,40 years old.74

Recommendations: diagnostic criteria with initial

evaluation

aClass of recommendation.
bLevel of evidence.

AV ¼ atrioventricular; BBB ¼ bundle branch block; ECG ¼ electrocardiogram;

ICD ¼ implantable cardioverter defibrillator; OH ¼ orthostatic hypotension;

SVT ¼ supraventricular tachycardia; VVS ¼ vasovagal syncope; VT ¼ ventricular

tachycardia.

The relationship between abnormal response to CSM

and syncope is a crucial point that has been studied by

two different methods. The first was a pre–post comparison

of the recurrence rate of syncope after pacing. Non-

randomized studies demonstrated fewer recurrences at

follow-up in patients implanted than in patients without

Table 9 Important historical features

ESC Guidelines Page 15 of 41



pacing, and these results were confirmed by two randomized

trials.76,77 The second method was to analyse the occurrence

of asystolic episodes registered in patients with cardioinhibi-

tory response to CSM by an implanted device. In the two

trials that employed this methodology, recordings of long

pauses were very common.78,79 These results suggest that

a positive response to CSM in patients with syncope is

highly predictive of the occurrence of spontaneous asystolic

episodes.

The main complications of CSM are neurological. Pooling the

data of three studies74,80,81 in which 7319 patients were analysed,

neurological complications were observed in 21 (0.29%). CSM

Recommendations: carotid sinus massage

aClass of recommendation.
bLevel of evidence.

BP ¼ blood pressure; CSM ¼ carotid sinus massage; TIA ¼ transient ischaemic

attack.

should be avoided in patients with previous TIA, stroke within the

past 3 months, or with carotid bruits, except if carotid Doppler

studies excluded significant stenosis.80

Table 10 Clinical features that can suggest a diagnosis

on initial evaluation

ARVC ¼ arrhythmogenic right ventricular cardiomyopathy; AV ¼ atrioventricular;

LBBB ¼ left bundle branch block; OH ¼ orthostatic hypotension; RBBB ¼ right

bundle branch block; VT ¼ ventricular tachycardia.

Figure 7 Diagnostic flowchart in patients with suspected

T-LOC. ECG ¼ electrocardiographic; T-LOC ¼ transient loss

of consciousness.
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2.2.2 Orthostatic challenge
Changing from supine to upright position produces a

displacement of blood from the thorax to the lower limbs

that leads to a decrease in venous return and CO. In the

absence of compensatory mechanisms, a fall in BP may lead to

syncope.82

Currently, there are two different methods for assessing the

response to change in posture from supine to erect11 (Table 5).

One is ‘active standing’, in which patients arise actively from

supine to erect, and the other is head up tilt at 60 or 708.

2.2.2.1 Active standing

This test is used to diagnose different types of orthostatic intoler-

ance; see section 1.2.2.2 and Table 5.

The sphygmomanometer is adequate for routine clinical testing

because of its ubiquity and simplicity. Automatic arm-cuff devices,

as they are programmed to repeat and confirm measurements

when discrepant values are recorded, may be a disadvantage due

to the rapidly falling BP during OH. With a sphygmomanometer

more than four measurements per minute cannot be obtained

without venous obstruction in the arm. When more frequent

values are required continuous beat-to-beat non-invasive BP

measurement can be used.

Recommendations: active standing

aClass of recommendation.
bLevel of evidence.

BP ¼ blood pressure; OH ¼ orthostatic hypotension.

2.2.2.2 Tilt testing

Background

Tilt testing enables the reproduction of a neurally mediated reflex

in laboratory settings. Blood pooling and decrease in venous return

due to orthostatic stress and immobilization trigger the reflex. The

final effect, hypotension and usually concomitant HR slowing, is

related to impaired vasoconstrictor capability followed by sym-

pathetic withdrawal and vagal overactivity.

The clinical situation corresponding to tilt testing is reflex

syncope triggered by prolonged standing. However, this test can

also be positive in patients with other forms of reflex syncope83

and in patients with sick sinus syndrome.84

Methodology

Tilt testing was introduced into clinical evaluation of patients with

syncope of unknown origin by Kenny et al. in 1986.85 Since then,

many protocols have been reported with variations in the initial

stabilization phase, duration, tilt angle, type of support, and differ-

ent pharmacological provocation. The sensitivity and specificity of

different protocols are described in detail in different reviews.1,86

The most commonly used protocols are the low-dose intrave-

nous isoproterenol test, which uses incremental doses in order

to increase average HR by �20–25% over baseline (usually

�3 mg/min)87 and the protocol using 300–400 mg of sublingual

nitroglycerine after a 20 min unmedicated phase.88 In older

patients omission of the passive phase and commencing the test

with nitroglycerine may be effective and improve compliance.89

Both protocols have a similar rate of positive responses (61–

69%), with a high specificity (92–94%). Patients should be fasted

for 4 h prior to the test. Due to the need for venous cannulation

Table 11 Risk stratification

ARVC ¼ arrhythmogenic right ventricular cardiomyopathy; b.p.m. ¼ beats per

minute; LBBB ¼ left bundle branch block; LVEF ¼ left ventricular ejection fraction;

RBBB ¼ right bundle branch block; SCD ¼ sudden cardiac death; VT ¼

ventricular tachycardia.
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in the isoproterenol protocol a pre-tilt phase of stabilization of

20 min is required, whereas with sublingual nitroglycerine the

pre-tilt phase can be shortened to 5 min.

Indications. In most studies the main indication for tilt testing has

been to confirm a diagnosis of reflex syncope in patients in

whom this diagnosis was suspected but not confirmed by initial

evaluation.85–89

Tilt testing is not usually needed in patients whose reflex syncope

is already diagnosed by clinical history and in patients with single or

rare syncope unless special situations (e.g. injury, anxiety, occu-

pational implications such as aircraft pilots, etc.). In patients with a

high risk profile for cardiovascular events or with data suggestive

of arrhythmic syncope, tilt testing has been reported to be useful

when a cardiovascular cause has been reasonably excluded by a

comprehensive evaluation. In patients with T-LOC associated with

jerking movements tilt testing has been demonstrated to be

helpful in discriminating syncope from epilepsy.90 Tilt testing has

been used in patients with frequent episodes of T-LOC and suspi-

cion of psychiatric problems, even with traumatic injury, to investi-

gate the reflex nature of the syncope.91 Similarly, tilt testing has

been used in the elderly in order to distinguish syncope from falls.92

The pattern of response to tilt testing has recently been used to

discriminate pure reflex syncope from non-classical forms of

delayed OH (see Table 5).14

Tilt testing has no value in assessing the treatment efficacy.93

However tilt table testing iswidely accepted as a useful tool todemon-

strate susceptibility of the patient to reflex syncope, and thereby to

initiate treatment (e.g. physical manoeuvres, see Part 3).94–96

Responses to tilt testing. The endpoint of tilt testing is the induction

of either reflex hypotension/bradycardia or delayed OH associated

with syncope or pre-syncope. When a reflex is induced, according

to the predominance of vasodepressor or cardioinhibitory com-

ponents, the responses have been classified as cardioinhibitory,

vasodepressor, or mixed.97 A negative tilt table response does

not exclude the diagnosis of reflex syncope. The clinical signifi-

cance of the type of response to tilt testing in predicting the behav-

iour of BP and HR during spontaneous syncope has recently been

questioned.98,99 Some studies have compared the response to tilt

testing with spontaneous syncope recorded by implantable loop

recorder (ILR). While a positive cardioinhibitory response to tilt

testing predicts with a high probability an asystolic spontaneous

syncope, the presence of a positive vasodepressor or mixed

response or even a negative response does not exclude the pres-

ence of asystole during spontaneous syncope.98,99

Complications and contraindications. Tilt testing is safe. There have

been no reported deaths during the test. However, some rare

life-threatening ventricular arrhythmias with isoproterenol in the

presence of ischaemic heart disease100 or sick sinus syndrome101

have been reported. No complications have been published with

the use of nitroglycerine. Minor side effects are common and

include palpitations with isoproterenol and headache with

nitroglycerine. Atrial fibrillation can be induced during or after a posi-

tive tilt test and is usually self-limited.102Despite the low risk, it is rec-

ommended that resuscitation equipment should available.

Contraindications to the administration of isoproterenol include

ischaemic heart disease, uncontrolled hypertension, left ventricular

outflow tract obstruction, and significant aortic stenosis. Caution

should be used in patients with known arrhythmias.

Recommendations: tilt testing

aClass of recommendation.
bLevel of evidence.

BP ¼ blood pressure; CSM ¼ carotid sinus massage; HR ¼ heart rate; LOC ¼ loss

of consciousness; OH ¼ orthostatic hypotension; TIA ¼ transient ischaemic

attack; mg ¼ micrograms.
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2.2.3 Electrocardiographic monitoring
(non-invasive and invasive)
ECG monitoring is a procedure for diagnosing intermittent brady-

and tachyarrhythmias. Currently several systems of ECG ambulat-

ory monitoring are available: conventional ambulatory Holter

monitoring, in-hospital monitoring, event recorders, external or

implantable loop recorders, and remote (at home) telemetry.

The gold standard for the diagnosis of syncope is when a corre-

lation between the symptoms and a documented arrhythmia is

recorded.103,104 The presence of some asymptomatic significant

arrhythmias, defined by prolonged asystole (�3 s), rapid supraven-

tricular tachycardias (SVTs) (i.e. �160 b.p.m. for .32 beats), or

VTs, has been considered by several authors as a diagnostic

finding.105–107 On the other hand, although the absence of docu-

mentation of an arrhythmia during a syncopal episode cannot be

considered a specific diagnosis, it allows exclusion of an arrhythmia

as the mechanism of the syncope.

As a general rule, ECG monitoring is indicated only when there

is a high pre-test probability of identifying an arrhythmia associated

with syncope (see Table 11). However, it has been observed that in

patients .40 years, with recurrent syncope, without significant

structural heart disease, and a normal ECG, an arrhythmia,

usually asystole, is present during syncope in up to 50%.108–111

2.2.3.1 In-hospital monitoring

In-hospital monitoring (in bed or telemetry) is warranted only when

the patient is at high risk for a life-threatening arrhythmia. A few days

of ECG monitoring may be of value in patients with clinical features

or ECG abnormalities suggesting arrhythmic syncope such as those

listed in Table 11, especially if the monitoring is applied immediately

after syncope. Although in such circumstances the diagnostic yield of

ECG monitoring may be only as high as 16%,69 it is justified by the

need to avoid immediate risk to the patient.

2.2.3.2 Holter monitoring

In current practice ECG monitoring is usually undertaken with

conventional 24–48 h, or even 7 day, Holter recorders.

However, since in most of the patients symptoms do not recur

during the monitoring period, the true yield of Holter in

syncope may be as low as 1–2% in an unselected population. In

15% of patients, symptoms were not associated with arrhyth-

mia.112 Thus, in these patients, a rhythm disturbance could poten-

tially be excluded as a cause of syncope. Holter monitoring in

syncope is inexpensive in terms of set-up costs, but expensive in

terms of cost per diagnosis. Holter monitoring in syncope may

be of more value if symptoms are very frequent. Daily single or

multiple episodes of LOC might increase the potential for

symptom–ECG correlation. Experience in patients with very

frequent symptoms suggests that many have psychogenic pseudo-

syncope. Undoubtedly, in such patients, true negative findings of

Holter monitoring may be useful in confirming the underlying

cause.

2.2.3.3 Prospective external event recorders

Event recorders are external devices which are applied by the

patient when symptoms occur. Whereas these types of recorders

can be useful in the investigation of patients with palpitations,113

they have no role in the evaluation of syncope.

2.2.3.4 External loop recorders

These devices have a loop memory that continuously records and

deletes ECG. When activated by the patient, typically after a

symptom has occurred, 5–15 min of pre-activation ECG is

stored and can be retrieved for analysis. They are connected to

the patient through cutaneous patch electrodes. Previous studies

gave conflicting results about the usefulness of external loop

recorders: one study showed that external retrospective loop

recorders allowed ECG documentation of syncope in up to 25%

of enrolled patients114 monitored for 1 month, whereas in

another115 external loop recorders were not useful. A recent

study found that external loop recorders had an increased diagnos-

tic yield, when compared with Holter monitoring.116 However,

since patients usually do not comply for more than a few weeks,

symptom–ECG correlation cannot be achieved when syncope

recurrence is infrequent.

2.2.3.5 Implantable loop recorders

ILRs are implanted subcutaneously under local anaesthesia and have

a battery life of up to 36 months. These devices have a solid-state

loop memory that stores retrospective ECG recordings, when acti-

vated either by the patient or a bystander, usually after a syncopal

episode,103,104 or automatically activated in the case of occurrence

of predefined arrhythmias.105–107 Some of these devices have the

capability of transmitting the signals transtelephonically. Advantages

of ILRs include continuous loop high-fidelity ECG recording. Disad-

vantages include: the need for a minor surgical procedure, the fact

that sometimes it can be difficult to differentiate between supraven-

tricular or ventricular arrhythmias, the presence of under- or over-

sensing that may fill the memory, and the high cost of the

implantable device. The ILR has a high initial cost. However, if

symptom–ECG correlation can be achieved in a substantial

number of patients during the active life of the device, then analysis

of the cost per symptom–ECG yield has shown than the implanted

device may be more cost-effective than a strategy using convention-

al investigation.117,118 In the initial experience, ILRs were used for

diagnosis in patients with unexplained syncope at the end of com-

plete negative work-up. In a small series of highly selected patients,

symptom–ECG correlation was achieved in 88% of patients within

a mean of 5 months of implantation.103 Pooled data from nine

studies,103,104,108,119–124 including 506 patients with unexplained

syncope at the end of a complete conventional investigation,

show that a correlation between syncope and ECG was found in

176 patients (35%); of these, 56% had asystole (or bradycardia in

a few cases) at the time of the recorded event, 11% had tachycardia

and 33% had no arrhythmia. In pooled data from seven

studies104,108,119–123 pre-syncope was much less likely to be associ-

ated with an arrhythmia than syncope. These data suggest that in the

absence of a documented arrhythmia pre-syncope cannot be con-

sidered a surrogate for syncope; in contrast, the documentation

of a significant arrhythmia at the time of pre-syncope can be con-

sidered a diagnostic finding.
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Recommendations: electrocardiograhic monitoring

aClass of recommendation.
bLevel of evidence.

AV ¼ atrioventricular; ECG ¼ electrocardiogram; ILR ¼ implantable loopr

recorder; SVT ¼ supraventricular tachyradia; VT ¼ ventricular tachycardia.

There are several areas of interest other than unexplained

syncope in which ILRs have been investigated:

† Patients in whom epilepsy was suspected but the treatment has

proven ineffective.90

† Patients who have suspected recurrent neurally mediated

syncope when the understanding of the mechanism of spon-

taneous syncope may alter the therapeutic approach.110

† Patients with bundle branch block (BBB) in whom paroxysmal

AV block is likely despite negative complete electrophysiological

evaluation.120

† Patients with definite structural heart disease and/or non-

sustained ventricular tachyarrhythmia in whom a ventricular

tachyarrhythmia is likely despite a negative complete electro-

physiological study (EPS).119

† Patients with unexplained falls.125

2.2.3.6 Remote (at home) telemetry

Most recently, external and implantable device systems that are

able to provide continuous ECG recording or 24 h loop

memory, with wireless transmission (real time) to a service

centre, have been developed. Daily and warning reports for prede-

fined events are sent from the centre to the physician. Initial data

showed that a mobile cardiac outpatient telemetry system had a

higher diagnostic yield than a patient-activated external looping

event monitor in patients with syncope or pre-syncope.126 The

potential role of these systems in the diagnostic work-up of

patients with syncope needs to be further evaluated.

2.2.3.7 Classification of electrocardiographic recordings

Because of the heterogeneityof findings and thewide variety of rhythm

disturbances recorded with an ILR at the time of syncope, the Inter-

national Study on Syncope of Unknown Etiology (ISSUE) investigators

have proposed a classification aimed to group the observations into

homogeneous patterns in order to define an acceptable standard

useful for future studies and clinical practice.127 This classification

divided ECG recordings into four groups according to the main

rhythm change and the suggested mechanism of syncope (Table 12).

2.2.3.8 Electrocardiographic monitoring in syncope—

where in the work-up?

The role of ECGmonitoring cannot be defined in isolation. Physicians

will be guided by the results of initial evaluation. In some situations,

where the clinical evidence strongly suggests a diagnosis of reflex

syncope, and especially when syncope occurs occasionally, ECG

monitoring may be deemed unnecessary. In those patients with fre-

quent symptoms or in those in whom arrhythmic syncope is sus-

pected, but who are not at high risk, an ILR can be useful. In the

initial experience, ILRs were used as last resort in the evaluation of

syncope after all investigations were negative. In one study,128 60

patients with unexplained syncope were randomized to ‘convention-

al’ strategy consisting of an external loop recorder, tilt testing, and EPS

or to prolongedmonitoringwith an ILR. The results were that a strat-

egy of implantation of an ILR initially in thework-upwasmore likely to

provide a diagnosis than the conventional strategy (52 vs. 20%).

However, patients at high risk of life-threatening arrhythmias, as

well as those with a left ventricular ejection fraction (LVEF) ,35%,

were excluded. According to these data and due to the limited diag-

nostic value of tilt testing,98,99 adenosine triphosphate (ATP)

test,99,129 EPS,119,120 and short-term ECG monitoring (Holter,
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external loop recorder), it appears that early use of an ILR in the diag-

nostic work-up might become the reference standard to be adopted

when an arrhythmic cause of syncope is suspected but not sufficiently

proven to allow treatment based on aetiology.

Future technology may allow recording of multiple signals in

addition to the ECG and will place emphasis on the features occur-

ring during spontaneous syncope, rather than provoked syncope.

For this reason it is likely that implantable monitors will become

increasingly emphasized in syncope and that their use will be antici-

pated in the diagnostic work-up instead or before many other con-

ventional investigations. However, in patients with important

structural heart disease that expose them to a high risk of life-

threatening arrhythmias, the implantation of an implantable

cardioverter defibrillator (ICD) or an EPS preceding the use of

ECG monitoring systems should be performed. Although the

documentation of a bradyarrhythmia concurrent with syncope is

considered diagnostic, further evaluation may sometimes be

necessary in order to discriminate between an intrinsic cardiac

abnormality and a reflex mechanism, the latter being the most fre-

quent cause of paroxysmal bradyarrhythmia in patients without

structural heart disease and normal ECG.

2.2.4 Electrophysiological study
The diagnostic efficacy of EPS to determine the cause of syncope is

highly dependent on the degree of suspicion of the abnormality

(pre-test probability), and also on the EPS protocol.

In an overview of eight studies including 625 patients with

syncope undergoing EPS,130 it was shown that positive results

occurred predominantly in patients with structural heart disease.

Sensitivity and specificity of EPS in general are not good. For a

complete review of this topic please refer to previous guidelines.1

In addition, in recent years the development of powerful non-

invasive methods, i.e. prolonged monitoring, showing a higher diag-

nostic value has decreased the importance of EPS as a diagnostic

test. Moreover, EPS is no longer indicated in the setting of patients

with severely depressed LVEF, because in these cases there is

general consensus that ICD implantation should be performed

regardless of mechanism of syncope, as discussed elsewhere in

this document. In clinical practice, data from some registries

show that nowadays �2% of patients with unexplained syncope

evaluated by cardiologists undergo EPS and even fewer if they

are evaluated by other specialists.27,31,36,40,56,131 Nevertheless,

this test still remains useful for diagnosis in specific clinical situ-

ations listed below.

2.2.4.1 Suspected intermittent bradycardia

The pre-test probability of syncope-related bradycardia is relatively

high when there is asymptomatic sinus bradycardia (,50 b.p.m.)

or sinoatrial block, usually documented by 12-lead ECG or ECG

monitoring.

The prognostic value of a prolonged sinus node recovery time

(SNRT) is not well defined. An abnormal response is defined as

Table 12 Classification of ECG recordings obtained with ILR, with their probable-related mechanism (adapted from

ISSUE classification)

AV ¼ atrioventricular; b.p.m. ¼ beats per minute; ECG ¼ electrocardiographic; HR ¼ heart rate; ILR ¼ implantable loop recorder; ISSUE ¼ International Study on Syncope of

Unknown Etiology; SVT ¼ supraventricular tachycardia; VT ¼ ventricular tachycardia.
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�1.6 or 2 s for SNRT or �525 ms for corrected sinus node recov-

ery time (CSNRT).132,133 One observational study, however,

showed a relationship between the presence of prolonged SNRT

at EPS and the effect of pacing on symptoms. Another small pro-

spective study showed that patients with a CSNRT �800 ms had

an eight times higher risk of syncope than patients with a

CSNRT below this value.134

2.2.4.2 Syncope in patients with bundle branch block

(impending high degree atrioventricular block)

Patients with BBB are at higher risk of developing high degree AV

block. Two factors were shown to increase the risk of AV block in

BBB patients: a history of syncope and a prolonged His-ventricular

(HV) interval. The risk of developing AV block increased from 2%

in patients without syncope to 17% in patients with syncope during

42 months follow-up.135 The progression rate to AV block at 4

years was 4, 12, and 24%, respectively, for patients with an HV

interval ,55 ms (normal), �70 ms and �100 ms.136

The development of intra- or infra-His block on incremental

atrial pacing is highly predictive of impending AV block, but has

low sensitivity. The development of intra- or infra-His block with

pharmacological challenge by class I antiarrhythmic drugs predicts

the subsequent development of spontaneous AV block with higher

sensitivity. The prognostic value of a pharmacologically prolonged

HV interval to a value of �120 ms without induction of AV block is

uncertain. On the other hand, about one-third of patients with

negative EPS in whom an ILR was implanted developed intermit-

tent or permanent AV block on follow-up.120 Thus EPS has a

low sensitivity and specifity.

In pooled data from nine studies (1761 patients) the total mor-

tality was 28% at 40 months; 32% of deaths were sudden.1

However, neither syncope nor prolonged HV interval were associ-

ated with a higher risk of death, and pacemaker therapy did not

decrease this risk.135

In conclusion, prolonged HV interval or induction of AV block

by pacing or by pharmacological stress identifies a group of

patients at higher risk of developing AV block in follow-up, but

the absence of abnormal findings does not exclude the develop-

ment of AV block.

2.2.4.3 Suspected tachycardia

In patients with syncope preceded by sudden-onset brief palpita-

tions suggesting SVT, an EPS may be indicated in order to assess

the exact mechanism especially when a curative catheter ablation

procedure can be performed.

In patients with previous myocardial infarction and preserved

LVEF, induction of sustained monomorphic VT is strongly predic-

tive of the cause of syncope,137 whereas the induction of ventricu-

lar fibrillation is considered a non-specific finding.138 The absence

of induction of ventricular arrhythmias identifies a group of

patients at lower risk of arrhythmic syncope.139

The role of EPS and the use of pharmacological challenge by

class I antiarrhythmic drugs in patients with syncope and suspected

Brugada syndrome is controversial.52 In a meta-analysis of world-

wide published data, concerning 1036 patients, in 54% of whom

VT or ventricular fibrillation had been induced by premature

ventricular stimulation, no difference in outcome was observed

in 34 months follow-up.140

Recommendations: electrophysiological study

aClass of recommendation.
bLevel of evidence.

ARVC ¼ arrhythmogenic right ventricular cardiomyopathy; BBB ¼ bundle branch

block; CSNRT ¼ corrected sinus node recovery time; DCM ¼ dilated

cardiomyopathy; EPS ¼ electrophysiological study; ICD ¼ implantable

cardioverter defibrillator; HV ¼ His-ventricle; SVT ¼ supraventricular

tachycardia; VT ¼ ventricular tachycardia.

2.2.5 Adenosine triphosphate test
The test requires the rapid (,2 s) injection of a 20 mg bolus of ATP

(or adenosine) during ECG monitoring. The induction of AV block

with ventricular asystole lasting .6 s, or the induction of AV block

lasting .10 s, are considered abnormal. ATP testing produced an

abnormal response in some patients with syncope of unknown

origin (especially older women without structural heart disease),

but not in controls, thus suggesting that paroxysmal AV block

could be the cause of unexplained syncope. Nevertheless, recent

studies showed no correlation between AV block induced by ATP

and the ECG findings (documented by ILR) during spontaneous

syncope.98,99 Thus, the low predictive value of the test does not

support its use in selecting patients for cardiac pacing. The role of
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endogenous adenosine release in triggering some forms of syncope

due to otherwise unexplained paroxysmal AV block (the so-called

‘adenosine-sensitive syncope’) remains under investigation.

Recommendations: adenosine triphosphate test

aClass of recommendation.
bLevel of evidence.

ATP ¼ adenosine triphosphate test.

2.2.6 Echocardiography and other
imaging techniques
Echocardiography including evaluation of structural and

functional haemodynamic data is a key technique to diagnose the

presence of structural cardiac disease. Echocardiography plays an

important role in risk stratification on the basis of LVEF. In the pres-

ence of structural heart disease, other tests to evaluate a cardiac

cause of syncope should be performed. Echocardiography identifies

the cause of syncope in very few patients when no more tests are

needed (e.g. aortic stenosis, atrial myxoma, tamponade, etc.).

Transoesophageal echocardiography, computed tomography

(CT), and magnetic resonance imaging (MRI) may be performed

in selected cases (e.g. aortic dissection and haematoma, pulmonary

embolism, cardiac masses, pericardial and myocardial diseases,

congenital anomalies of coronary arteries).

Recommendations: echocardiography

aClass of recommendation.
bLevel of evidence.

2.2.7 Exercise stress testing
Exercise-induced syncope is infrequent. Exercise testing should be

performed in patients who have experienced episodes of syncope

during or shortly after exertion. Careful ECG and BP monitoring

should be performed during both the test and the recovery

phase as syncope can occur during or immediately after exercise.

These two situations should be considered separately. Indeed,

syncope occurring during exercise may be due to cardiac causes

(even if some case reports showed that it might be a manifestation

of an exaggerated reflex vasodilatation), whereas syncope occur-

ring after exercise is almost invariably due to a reflex mechanism.

Tachycardia-related exercise-induced second and third degree AV

block has been shown to be located distal to the AV node and pre-

dicts progression to permanent AV block. Resting ECG frequently

shows intraventricular conduction abnormalities.141 There are no

data supporting an indication for exercise testing in a general popu-

lation with syncope.

Recommendations: exercise testing

aClass of recommendation.
bLevel of evidence.

AV ¼ atrioventricular; ECG ¼ electrocardiogram.

2.2.8 Cardiac catheterization
Cardiac catheterization techniques (e.g. coronary angiogram)

should be carried out in suspected myocardial ischaemia or infarc-

tion and to rule out ischaemia-driven arrhythmias.

2.2.9 Psychiatric evaluation
Syncope and psychiatry interact in two ways. Various psychiatric

drugs can contribute to syncope through OH and prolonged QT

intervals. Disruption of a psychiatric drug regimen may have

severe psychiatric consequences and should not be undertaken

without relevant expertise.

The second interaction concerns ‘functional’ attacks. ‘Functional’

is used for conditions that resemble known somatic conditions

without a somatic explanation being found, and with a presumed

psychological mechanism. Two types of patients have to be

included in the differential diagnosis of T-LOC. In both, patients

are non-responsive and do not show normal motor control,

implying that falls are common. In one type gross movements

resemble epileptic seizures; these attacks have been described

as ‘pseudoepilepsy’, ‘non-epileptic seizures’, ‘psychogenic non-

epileptic seizures’, and ‘non-epileptic attack disorder’. In the

other type there are no gross movements, so the attacks resemble

syncope or longer lasting LOC. These attacks have been described

as ‘psychogenic syncope’, ‘pseudosyncope’, ‘syncope of psychiatric

origin’, and ‘medically unexplained syncope’. Note that the latter two
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terms are inconsistent with the definition of syncope because there is

no cerebral hypoperfusion in functional T-LOC.

The basic difference between functional T-LOC and what it

resembles is the absence of a somatic mechanism: in pseudoepilepsy

there is no epileptiform brain activity, and in pseudosyncope BP and

HR are not low, and the electroencephalogram (EEG) does not

show delta activity or flattening during the attack.

The frequency of such attacks is not known, as they vary with

the setting. Functional T-LOC mimicking epilepsy occurs in 15–

20% of cases in specialized epilepsy clinics and in up to 6% in

syncope clinics.142

Diagnosis

Pseudosyncope usually lasts longer than syncope: patients may lie on

the floor for many minutes; 15 min is not exceptional. Other clues

are a high frequency including numerous attacks in a day, and lack of

a recognizable trigger. Injury does not exclude functional T-LOC:

trauma occurred in .50% in pseudoseizures. The eyes are usually

open in epileptic seizures and syncope but are usually closed in func-

tional T-LOC. Documenting attacks is very helpful; parameters to

assess are posture and muscle tone (video recording or neurological

investigation), BP, HR, and EEG. The latter is feasible as functional

disorders are prone to suggestion, allowing a near certain diagno-

sis.142 During tilt testing, the combination of apparent unconscious-

ness with loss of motor control, normal BP, HR, and EEG rules out

syncope and most forms of epilepsy.

Proving the nature of attacks is useful in confirming the diagnosis.

Announcing a ‘psychogenic’ diagnosis to patients may be difficult,

but,without it, referralmaybe impossible.Apsychological explanation

may imply to patients that they are personally responsible or that they

fake attacks on purpose. Patients see their attacks as involuntary, as

they probably are. Stressing that attacks are as involuntary as

syncope or an epileptic seizure avoids stigmatization, avoids counter-

productive clashes, and provides a therapeutic opening.

Recommendations: psychiatric evaluation

aClass of recommendation.
bLevel of evidence.

EEG ¼ electroencephalogram; T-LOC ¼ transient loss of consciousness.

2.2.10 Neurological evaluation
This section discusses neurological disorders causing syncope or

resembling it, and neurological tests in syncope.

2.2.10.1 Clinical conditions

Autonomic failure

In ANF the ANS cannot cope with physiological demands, which is

expressed as OH. Post-exercise hypotension, a related condition,

concerns hypotension directly following the cessation of physical

exercise. There are three categories of ANF.

Primary ANF comprises degenerative neurological disease such as

pure ANF, multiple system atrophy, Parkinson’s disease, and Lewy

body dementia.143

Secondary ANF involves autonomic damage by other diseases, such

as diabetes mellitus, amyloidosis, and various polyneuropathies.143

Drug-induced OH is the most frequent cause of OH; drugs com-

monly causing OH are antihypertensives, diuretics, tricyclic anti-

depressives, phenothiazines, and alcohol. While in primary and

secondary ANF the dysfunction is due to structural damage to

the ANS system (either central or peripheral), in drug-induced

OH the failure is functional.

Neurological evaluation should be considered in primary ANF.

Warning signs are early impotence and disturbed micturition,

and later Parkinsonism and ataxia. Referral in secondary ANF

and in drug-induced OH depends on which physician treats the

underlying disease.

Cerebrovascular disorders

‘Subclavian steal’ refers to rerouting of blood flow to the arm

through the vertebral artery due to stenosis or occlusion of the

subclavian artery. TIA may occur when flow through the vertebral

artery cannot supply both the arm and part of the brain, during for-

ceful use of the arm. Steal most often affects the left side. When

detected with ultrasound, ‘steal’ is asymptomatic in 64%.144

A TIA is only likely to be due to steal when it is vertebrobasilar

(see below) and associated with exercise of one arm. There are

no reliable reports of isolated LOC without focal neurological

symptoms and signs in subclavian steal.

TIA related to a carotid artery does not cause T-LOC. When

almost all cerebral arteries are occluded, transient obstruction of

the remaining vessel subtending a large portion of the brain may

extremely rarely affect consciousness only in the standing position.

Moreover, focal neurological signs are much more prevalent.

TIA of the vertebrobasilar system can cause LOC, but there are

always focal signs, usually limb weakness, gait and limb ataxia, ocu-

lomotor palsies, and oropharyngeal dysfunction. For all practical

purposes a TIA concerns a focal deficit without LOC, and

syncope the opposite.

Migraine

Syncope occurs more often in patients with migraine, who have a

higher lifetime prevalence of syncope and often frequent

syncope.145 Syncopal and migraine attacks do not usually occur

together in these patients.

Epilepsy

Epilepsy can cause T-LOC: patients are non-responsive, fall, and later

have amnesia. This only occurs in tonic, clonic, tonic–clonic, and

atonic generalized seizures. In absence epilepsy in children and

partial complex epilepsy in adults consciousness is altered, not lost;

these patients remain upright during attacks, in contrast to T-LOC.
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Complete flaccidity during unconsciousness argues against epi-

lepsy. The only exception is ‘atonic seizure’, but it is rare, and

occurs without a trigger in children with pre-existing neurological

problems. Movements can be present in both epilepsy and

syncope. In epilepsy movements last �1 min and, in syncope,

seconds. The jerks in epilepsy are coarse, rhythmic, and usually

synchronous, whereas those in syncope are usually asynchronous,

small, and non-rhythmic. However, synchronous jerks may occur

in syncope,146 and eyewitnesses may incorrectly report

movements.147 In syncope movements only occur after the

onset of unconsciousness and after the fall; this is not the case

in epilepsy.

Syncope is usually triggered; epilepsy rarely is. The triggers in

reflex epilepsy such as flashing lights differ from those in

syncope. A typical aura consists of a rising sensation in the

abdomen (epigastric aura) and/or an unusual unpleasant smell. A

rising sensation may rarely occur in syncope. Sweating and pallor

are uncommon in epilepsy. A tongue bite occurs much more

often in epilepsy and is on the side of the tongue whereas it is

the tip in syncope.5,147 Urinary incontinence occurs in both.

Patients may be confused post-ictally a long time in epilepsy,

whereas in syncope clearheadedness is usually immediate

(Table 13). Headache, muscle pain, and elevation of creatinine

kinase and prolactin are more frequent after epilepsy.

Other attacks

Cataplexy concerns paresis or paralysis triggered by emotions, usually

laughter. Patients are conscious, so there is no amnesia. Togetherwith

daytime sleepiness cataplexy ensures a diagnosis of narcolepsy.

Falls may be due to syncope; elderly subjects may not be aware

of having lost consciousness. In some subjects disorders of posture,

gait, and equilibrium may mimic falls in syncope.

The term ‘drop attacks’ is variably used for Menière’s disease,

atonic epileptic seizures, and unexplained falls. The clearest use

of the term concerns middle-aged women (rarely men) who sud-

denly find themselves falling.148 They remember hitting the floor.

Unexplained falls deserve medical attention.148

2.2.10.2 Neurological tests

Electroencephalography

Interictal EEGs are normal in syncope.5,149 An interictal normal

EEG cannot rule out epilepsy, but must always be interpreted in

a clinical context. When uncertain it is better to postpone the diag-

nosis of epilepsy than falsely diagnose it.

An EEG is not recommended when syncope is the most likely

cause of T-LOC, but it is when epilepsy is the likely cause or when

clinical data are equivocal. The EEG may be useful to establish psy-

chogenic pseudosyncope, if recorded during a provoked attack.

Table 13 The value of history for distinguishing seizure from syncope (adapted from Hoefnagels et al.5)
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Computed tomography and magnetic resonance imaging

No studies evaluated the use of brain imaging for syncope. CT or

MRI in uncomplicated syncope should be avoided. Imaging may be

needed based on a neurological evaluation.

Neurovascular studies

No studies suggest that carotid Doppler ultrasonography is valu-

able in patients with typical syncope

Recommendations: neurological evaluation

aClass of recommendation.
bLevel of evidence.

ANF ¼ autonomic failure; EEG ¼ electroencephalography; TIA ¼ transient

ischaemic attack; T-LOC ¼ transient loss of consciousness.

Part 3. Treatment
General principles of treatment of syncope

The principal goals of treatment for patients with syncope are to

prolong survival, limit physical injuries, and prevent recurrences.

The importance and priority of these different goals are depen-

dent on the cause of syncope. For example, in patients with VT

causing syncope, the mortality risk is clearly predominant, while

in patients with reflex syncope it is the prevention of recurrences

and/or limitation of injuries.

Knowledge of the cause of syncope has a key role in selection of

treatment. Once the cause has been ascertained, the second goal is

to assess the mechanism leading to syncope. For example, the

mechanism is obvious in the case of AV block in the context of

intraventricular conduction defects, but it could be more

complex in the context of reflex syncope: is it cardioinhibitory,

vasodepressor, or a mixed response?

Investigations of the cause and mechanism of syncope are

generally performed at the same time and could lead to different

treatments (or absence of treatment). For example, syncope

during the acute phase of an inferior myocardial infarction is

generally of reflex origin, and consequent severe bradycardia,

hypotension, or both are just a part of the infarction and have to

be treated as a complication of the infarct. On the other hand,

recurrent reflex syncope due to severe bradycardia, hypotension,

or both in the absence of an acute disease has to be treated for

what it is. Finally, the optimal treatment of syncope must be

directed to the responsible cause of the global cerebral

hypoperfusion. However, to the extent that these causes are

either unknown or not responsive to present therapy (e.g. there is

no specific treatment for degenerative AV block) treatment is

directed to the mechanisms leading to global cerebral hypoperfu-

sion (pacing in the above-mentioned example). The general frame-

work of treatment is based on risk stratification and the

identification of specific mechanisms when possible, as summarized

in Figure 8.

3.1 Treatment of reflex syncope
and orthostatic intolerance
Introduction

This section deals with measures and interventions for prevention

of reflex syncope (vasovagal, situational, CSS) and syncope second-

ary to ANF with OH. Although there are many physiological mech-

anisms that lead to syncope, the strategies for prevention of

syncope apply to the entire range of causes. The goal of therapy

is primarily prevention of recurrence and associated injuries, and

improvement in quality of life, but not to prolong survival.

Lifestyle measures

Since the 2004 guidelines, the greatest advances in treatment lie in

the field of lifestyle measures, stemming from basic physiological

knowledge and controlled trials.

The cornerstone of the non-pharmacological management of

patients with reflex syncope is education and reassurance regard-

ing the benign nature of the condition. In general, initial treatment

comprises education regarding awareness and possible avoidance

of triggers (e.g. hot crowded environments, volume depletion),

early recognition of prodromal symptoms, and performing

manoeuvres to abort the episode [e.g. supine posture, physical

counterpressure manoeuvres (PCMs)]. If possible, triggers should

be addressed directly, such as cough suppression in cough

Figure 8 Treatment of syncope. ARVC ¼ arrythmogenic right

ventricular cardiomyopathy; CAD ¼ coronary artery disease;

DCM ¼ dilated cardiomyopathy; ECG ¼ electrocardiographic;

HOCM ¼ hypertrophic obstructive cardiomyopathy; ICD ¼

implantable cardioverter defibrillator; SCD ¼ sudden cardiac

death.
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syncope. Careful avoidance of agents that lower BP (including

a-blockers, diuretics, and alcohol) is important.

Additional treatment may be necessary in unpredictable and fre-

quent syncope. In particular when:

† very frequent syncope alters quality of life

† recurrent syncope without, or with very short prodrome

exposes patients to risk of trauma

† syncope occurs during high risk activity (e.g. driving, machine

operation, flying, competitive athletics, etc.).

3.1.1 Reflex syncope
3.1.1.1 Therapeutic options

Physical counterpressure manoeuvres

Non-pharmacological ‘physical’ treatments are emerging as a new

front-line treatment of reflex syncope. Two clinical trials94,95

have shown that isometric PCMs of the legs (leg crossing), or of

the arms (hand grip and arm tensing), are able to induce a signifi-

cant BP increase during the phase of impending reflex syncope that

allows the patient to avoid or delay losing consciousness in most

cases. The results have been confirmed in a multicentre prospec-

tive trial96 which assessed the effectiveness of PCMs in daily life in

223 patients, aged 38+ 15 years, with recurrent reflex syncope

and recognizable prodromal symptoms: 117 patients were ran-

domized to standardized conventional therapy alone and 106

patients received conventional therapy plus training in PCMs.

The median yearly syncope burden during follow-up was signifi-

cantly lower in the group trained in PCMs than in the control

group (P ,0.004); overall 51% of the patients with conventional

treatment and 32% of the patients trained in PCMs experienced

recurrence of syncope (P ,0.005). Actuarial recurrence-free sur-

vival was better in the treatment group (log-rank P ,0.018), result-

ing in a relative risk reduction of 39% (95% confidence interval,

11–53%). No adverse events were reported.

Tilt training

In highlymotivated youngpatientswith recurrent vasovagal symptoms

triggered by orthostatic stress, the prescription of progressively pro-

longed periods of enforced upright posture (so-called ‘tilt training’)

may reduce syncope recurrence.150,151 However, this treatment is

hampered by the low compliance of patients in continuing the training

programme for a long period, and four randomized controlled trials

failed to confirm short-term effectiveness of tilt training in reducing

the positive response rate of tilt testing.152–155

Pharmacological therapy

Many drugs have been tested in the treatment of reflex syncope,

for the most part with disappointing results. The list includes

b-blockers, disopyramide, scopolamine, theophylline, ephedrine,

etilefrine, midodrine, clonidine, and serotonin reuptake inhibitors.

While results have been satisfactory in uncontrolled trials or short-

term controlled trials, several long-term placebo-controlled pro-

spective trials have been unable to show a benefit of the active

drug over placebo, with some exceptions.

Since failure to achieve proper vasoconstriction of the peripheral

vessels is common in reflex syncope, a-agonist vasoconstrictors (eti-

lefrine and midodrine) have been used. Two double-blind acute tilt

studies have showed apparent contrasting effects. Moya et al.93 admi-

nistered etilefrine for 1 week, then repeated the test and found no

difference between active and placebo treatment. In contrast,

Kaufman et al.156 administered a single dose of midodrine just 1 h

before tilt testing, and found a significant reduction in syncope

during tilt with active treatment. Etilefrinewas studied in a randomized

placebo-controlled double-blind clinical trial.157 During follow-up,

patients treated with etilefrine 25 mg twice daily or placebo showed

no difference in frequency or time to recurrent syncope. Thus, the evi-

dence fails to support use of etilefrine. Midodrine was studied in three

small, open label, randomized trials in patients affected by very fre-

quent ‘hypotensive’ symptoms (.1 syncope/month).158–160 Even if

defined as ‘neurally mediated’, there is overlap in clinical features of

patients in these studies with other forms of orthostatic intolerance,

rendering the results difficult to interpret. Positive results were

obtained in one small, randomized trial of paediatric patients.161 The

major limitation of midodrine is frequent dosing, limiting long-term

compliance. Caution in its use in older males is necessary because of

adverse effects on urinary outflow. Overall, these data suggest that

chronic pharmacological treatment with a-agonists alone may be of

little use in reflex syncope, and long-term treatment cannot be

advised for occasional symptoms. Even if not proven, a self-

administered single dose, for example one dose 1 h before prolonged

standing or performing an activity that usually triggers syncope (the

so-called ‘pill in the pocket’ strategy), may be useful in selected patients

in addition to lifestyle measures and PCMs. It must be advised,

however, that currently, midrodine is not available in all countries in

Europe.

Fludrocortisone has been shown to be ineffective in a small, ran-

domized double-blind trial in children.162 Fludrocortisone has been

widely used in adults with reflex syncope, but there is no trial evi-

dence to support this.

b-Blockers have been presumed to lessen the degree of ventri-

cular mechanoreceptor activation owing to their negative inotropic

effect in reflex syncope. This theory has not been supported by the

outcome of clinical trials. A rationale for use of b-blockers in other

forms of neurally mediated syncope is lacking. They may enhance

bradycardia in CSS. b-Blockers have failed to be effective in five

of six long-term follow-up studies.163–167

Paroxetine was shown to be effective in one placebo-controlled

trial, which included highly symptomatic patients from one insti-

tution.168 This has not been confirmed by other studies. Paroxe-

tine may reduce anxiety, which precipitates events. Paroxetine is

a psychotropic drug requiring caution in use in patients without

severe psychiatric disease.

Cardiac pacing

Pacing for reflex syncope has been the subject of five major multi-

centre, randomized controlled trials, which gave contrasting

results.169–173 In all the patients the pre-implant selection was

based on tilt testing response. Adding together the results of the

five trials, 318 patients were evaluated; syncope recurred in 21%

of the paced patients and in 44% of unpaced patients (P

,0.001). A recent meta-analysis of all studies suggested a non-

significant 17% reduction in syncope from the double-blinded

studies, and an 84% reduction in the studies where the control

group did not receive a pacemaker.174 The suboptimal results
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are not surprising if we consider that pacing may affect the

cardioinhibitory component of the vasovagal reflex, but will have

no effect on the vasodepressor component, which is often

dominant.

Two non-randomized trials evaluated the efficacy of pacing by

selecting patients with documented asystole during spontaneous

syncope by ILR. In the study of Sud et al.,175 after the insertion

of a cardiac pacemaker, syncope burden decreased from 2.7

per year to 0.45 per year (P ¼ 0.02). The ISSUE 2 study110

hypothesized that spontaneous asystole and not tilt test results

should form the basis for patient selection for pacemaker

therapy. This study followed 392 patients with presumed reflex

syncope with an ILR. Of the 102 patients with a symptom–

rhythm correlation, 53 underwent loop recorder-guided

therapy, predominantly pacing for asystole. These patients experi-

enced a striking reduction in recurrence of syncope compared

with non-loop recorder-guided therapy (10% vs. 41%, P ¼

0.002). It must be stressed that ISSUE 2 was not a randomized

trial. It merely provides the basis for such a trial, now ongoing,

ISSUE 3.

In conclusion, pacing plays a small role in therapy for reflex

syncope, unless severe spontaneous bradycardia is detected

during prolonged monitoring.

3.1.1.2 Individual conditions

Vasovagal syncope

Management of this condition has been covered above.

A few points require emphasis. Tilt table testing can be

employed to teach the patient to recognize early prodromal symp-

toms. All patients should be taught PCMs, which now form the

cornerstone of therapy together with education and reassurance.

In patients that continue to faint despite adequate lifestyle

measures and PCMs, tilt training may be considered, particularly

in the younger, very symptomatic, well-motivated patients,

despite lack of proven efficacy, because it can act by reassuring

the patient without side effects.

Situational syncope

Treatment strategies are similar to VVS and have been covered.

Treatment of most forms of situational syncope relies heavily on

avoiding or ameliorating the triggering event. Avoidance of the

trigger may be difficult, but the response may be attenuated by

maintenance of central volume, protected posture, and slower

changes in posture.

Carotid sinus syndrome

Cardiac pacing appears to be beneficial in CSS,75–77,176 and,

although only two relatively small, randomized controlled trials

have been undertaken, pacing is acknowledged to be the treatment

of choice when bradycardia has been documented.76,77 Single-

chamber atrial pacing is not appropriate for CSS, and dual-chamber

pacing is generally preferred over single-chamber ventricular

pacing.78,177 There are as yet no randomized studies examining

treatment of dominant vasodepressor CSS, which also pertains

for other vasodepressor conditions.

Recommendations: treatment of reflex syncope

aClass of recommendation.
bLevel of evidence.

CSS ¼ carotid sinus syndrome; PCM ¼ physical isometric counterpressure

manouuvre; VVS ¼ vasovagal syncope.

3.1.2 Orthostatic hypotension and
orthostatic intolerance syndromes
Education regarding the nature of the condition in conjunction

with lifestyle advice outlined above can improve orthostatic symp-

toms markedly, even though the rise in BP is relatively small (10–

15 mmHg); raising the standing BP just enough to be within the

autoregulatory zone can make a substantial functional difference.

Ambulatory BP recordings may be helpful in identifying abnormal

diurnal patterns. These recordings may also help identify supine

or nocturnal hypertension in treated patients.

The principal treatment strategy in drug-induced ANF is elimin-

ation of the offending agent. Expansion of extracellular volume is

an important goal. In the absence of hypertension, patients

should be instructed to take sufficient salt and water intake, target-

ing 2–3 L of fluids per day and 10 g of NaCl.178 Rapid cool water

ingestion is reported to be effective in combating orthostatic intol-

erance and post-prandial hypotension.179 Sleeping with the head of

the bed elevated (108) prevents nocturnal polyuria, maintains a

more favourable distribution of body fluids, and ameliorates noc-

turnal hypertension.180,181

Gravitational venous pooling in older patients can be treated

with abdominal binders or compression stockings.14,182 PCMs

such as leg crossing and squatting should be encouraged in patients

with warning symptoms able to perform them.180
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In contrast to reflex syncope, the use of the a-agonist, mido-

drine, is a useful addition to the first-line treatment in patients

with chronic ANF. It cannot be regarded as a cure, nor is it

helpful in all affected patients, but it is very useful in some.

There is no doubt that midodrine increases BP in both supine

and upright posture and that it amelioriates the symptoms of

OH. Midodrine (5–20 mg, three times daily) has been shown to

be effective in three randomized placebo-controlled trials.183–185

Fludrocortisone (0.1–0.3 mg once daily) is a mineralocorticoid

that stimulates renal sodium retention and expands fluid

volume.186 The evidence in favour of fludrocortisone is from

two small observational studies (in combination with head-up

sleeping) and one double-blind trial in 60 patients; the observa-

tional studies showed haemodymanic benefit and, in the trial,

treated patients were less symptomatic with higher blood press-

ures.186–188

Additional and less frequently used treatments, alone or in com-

bination, include desmopressin in patients with nocturnal polyuria,

octeotride in post-prandial hypotension, erythropoietin in anaemia,

pyridostigmine, use of walking-sticks, frequent small meals, and

judicious exercise of leg and abdominal muscles, especially

swimming.

Recommendations: treatment of orthostatic

hypotension

aClass of recommendation.
bLevel of evidence.

PCM ¼ physical counterpressure manoeuvre.

3.2 Cardiac arrhythmias as
primary cause

Treatment goals are prevention of symptom recurrence, improve-

ment of quality of life, and prolongation of survival.

The basis of syncope in these situations is multifactorial, and is

influenced by the ventricular rate, left ventricular function, and

the adequacy of vascular compensation (including the potential

impact of neurally mediated reflex).

3.2.1 Sinus node dysfunction
In general, cardiac pacemaker therapy is indicated and has

proved highly effective in patients with sinus node dysfunction

when bradyarrhythmia has been demonstrated to account for

syncope by means of ECG documentation during spontaneous

syncope, or as a consequence of abnormal SNRT.134,189 Per-

manent pacing frequently relieves symptoms but may not

affect survival. Despite adequate pacing, syncope recurs in

�20% of patients in long-term follow-up.190 This is due to

the frequent association of a vasodepressor reflex mechanism

with sinus node disease. Newly developed atrial-based

minimal ventricular pacing modes are recommended as an

alternative to conventional DDDR (dual chamber rate-

adaptive pacemaker) pacing in patients essentially needing

atrial support.70,73

Elimination of drugs that may exacerbate or unmask underlying

susceptibility to bradycardia is an important element in

preventing syncope recurrence. However, when substitution is

not feasible, cardiac pacing may be necessary. Percutaneous

cardiac ablative techniques for atrial tachyarrhythmia control

have become of increasing importance in selected patients

with the bradycardia–tachycardia form of sick sinus

syndrome, but are only infrequently used primarily for prevention

of syncope.

3.2.2 Atrioventricular conduction system
disease
Cardiac pacing is the treatment of syncope associated with

symptomatic AV block. The indications and preferential modes

of pacing in AV block have been updated recently. The possible

deleterious role of permanent right ventricular apical pacing has

recently been underscored, but alternative pacing sites are still a

matter of debate. Biventricular pacing should be considered in

those patients with an indication for pacing due to AV bock and

depressed LVEF, heart failure (HF), and prolonged QRS

duration.70,73

3.2.3 Paroxysmal supraventricular and
ventricular tachycardias
In patients with paroxysmal AV nodal reciprocating tachycardia, AV

reciprocating tachycardia, or typical atrial flutter associated with

syncope, catheter ablation is the first-choice treatment. In those

patients, the role of drug therapy is limited to being a bridge to

ablation or when ablation has failed. In patients with syncope

associated with atrial fibrillation or atypical left atrial flutter, the

decision should be individualized.

Syncope due to torsade de pointes is not uncommon and is,

in its acquired form, the result of drugs which prolong the

QT interval. Treatment is the immediate discontinuation of the

suspected drug. Catheter ablation or drug therapy should be con-

sidered in patients with syncope due to VT in the setting of a

normal heart or of heart disease with mild cardiac dysfunction.

ICD is indicated in patients with syncope and depressed

cardiac function, and VT or fibrillation without correctable

cause.71,72 Although in these patients ICD usually does not

prevent syncopal recurrences, it is indicated to reduce the risk

of SCD.
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Recommendations: treatment of syncope due to cardiac

arrhythmias

aClass of recommendation.
bLevel of evidence.

AV ¼ atrioventricular; BBB ¼ bundle branch block; CSNRT ¼ corrected sinus node

recovery time; ECG ¼ electrocardiogram; EPS ¼ electrophysiological study; ICD ¼

implantable cardioverter defibrillator; SVT ¼ supraventricular tachycardia; VT ¼

ventricular tachycardia.

3.2.4 Implanted device malfunction
Infrequently, implantable pacing systems have been associated with

provoking near-syncope or syncope. More often, however,

syncope in such patients may be unrelated to the device.191

When syncope is attributable to the implanted device, it may

occur as a result of pulse generator battery depletion or failure, or

lead failure. Device/lead replacement is indicated and eliminates the

problem. Alternatively, some patients may experience syncope due

to pacemaker syndrome, a condition, which incorporates many poss-

ible mechanisms of hypotension. In pacemaker syndrome with retro-

grade AV conduction, device re-programming to eliminate the

problem is usually feasible, although replacement is occasionally

needed (e.g. replace a single-chamber ventricular with a dual

chamber-pacing system). ICDs may also be associated with

syncope most commonly because even appropriate intervention is

too late to prevent LOC.49 Re-programming of the device (more

aggressive antitachycardia pacing and/or earlier shock) is only

seldom able to solve the problem. In those patients, antiarrhythmic

drugs or catheter ablation may be helpful.

3.3 Syncope secondary to
structural cardiac or
cardiovascular disease

In patients with syncope secondary to structural cardiac disease,

including congenital heart malformations, or cardiopulmonary

disease, the goal of treatment is not only to prevent syncopal

recurrence, but also to treat the underlying disease and to

decrease the risk of SCD.

Structural cardiac or cardiopulmonary disease can be present in

some patients with syncope, and its incidence increases in older

patients. The mere presence of heart disease does not imply

that syncope is related to the underlying cardiac disorder. Some

of these patients have typical reflex syncope, but in others, such

as those with inferior myocardial infarction or aortic stenosis,

the underlying cardiac disease may play a role in triggering or

potentiating a reflex mechanism. In addition, in many of these

patients the underlying cardiac disease may be the substrate for

supraventricular or ventricular arrhythmia that cause syncope.

Treatment of syncope associated with structural heart disease

varies with the diagnosis. In patients with syncope secondary to

severe aortic stenosis or to atrial myxoma, surgical treatment of

the underlying disease is indicated. In patients with syncope sec-

ondary to acute cardiovascular disease, such as pulmonary embo-

lism, myocardial infarction, or pericardial tamponade, treatment

should be directed to the underlying process. In hypertrophic car-

diomyopathy (with or without left ventricle outflow tract obstruc-

tion), specific treatment of the arrhythmia is usually warranted; in

most of these patients, an ICD should be implanted to prevent

SCD. There are no data on the effect of reducing the outflow gra-

dient on relief of syncope. In syncope associated with myocardial

ischaemia, pharmacological therapy and/or revascularization is

clearly the appropriate strategy in most cases. On the other

hand, when syncope is caused by primary pulmonary hypertension

or restrictive cardiomyopathy, it is often impossible adequately to

ameliorate the underlying problem. Other less common causes of

syncope include left ventricular inflow tract obstruction in patients

with mitral stenosis, right ventricular outflow tract obstruction, and

right to left shunting secondary to pulmonary stenosis or pulmon-

ary hypertension.
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3.4 Unexplained syncope in
patients with high risk of sudden
cardiac death

In patients at high risk of SCD a disease-specific treatment is

warranted in order to reduce the risk of death and of life-

threatening events, even if the exact mechanism of syncope is

still unknown or uncertain at the end of a complete work-up. In

these patients the goal of treatment is primarily the reduction of

mortality risk.

It is important to bear in mind, however, that even if an effective

specific treatment of the underlying disease is found, patients may

remain at risk of recurrence of syncope. For example, ICD-treated

patient may remain at risk for fainting because only the SCD risk is

being addressed and not the cause of syncope. An analysis of the

Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT)50 has

shown that ICD did not protect patients against syncope recur-

rence compared with those treated with amiodarone or placebo.

This implies the need for precise identification of the mechanism

of syncope and specific treatment as far as possible.

3.4.1 Ischaemic and non-ischaemic
cardiomyopathies
The risk of death in patients with acute or chronic coronary artery

disease and depressed LVEF is increased. This necessitates evalu-

ation of ischaemia and, if indicated, revascularization. However,

arrhythmia evaluation, including EPS with premature ventricular

stimulation, can still be needed because, when present, the sub-

strate for malignant ventricular arrhythmia may not be ameliorated

by revascularization. Patients with HF and an established ICD indi-

cation by current guidelines should receive an ICD before and

independently of the evaluation of the mechanism of syncope.

This group includes, for example, patients with ischaemic or

dilated cardiomyopathy and depressed LVEF (ranging from

,30% to, 40% and New York Heart Association (NYHA)

class �II according to current guidelines).70–73

Few data exist concerning the therapeutic implications of unex-

plained syncope in patients with ischaemic or dilated cardiomyopa-

thy. A prospective substudy from the Antiarrhythmics Versus

Implantable Defibrillators (AVID) trial47 showed that syncope

patients derived important survival benefit from ICDs. A survival

benefit from the device is also suggested by small retrospective

studies.49,192 However, patients with syncope and HF carry a

high risk of death regardless of the cause of syncope.45 A recent

analysis of the SCD-HeFT49 has shown that appropriate ICD

shocks are more likely in patients with syncope; yet ICD did not

protect against either syncope recurrence or risk of death.

At the two ends of the spectrum, we find on one side the

group of syncope patients with preserved LVEF and negative

EPS that do not warrant aggressive treatment with an ICD,119

and on the other those with congestive HF and severely

depressed LVEF who warrant an ICD despite the fact that it

will not provide protection against syncope. In this group, it

was found that mortality was higher in patients with syncope

compared with those without.49

3.4.2 Hypertrophic cardiomyopathy
Unexplained syncope is a major risk factor for SCD in hyper-

trophic cardiomyopathy particularly if it has occurred in close

temporal proximity (,6 months) to the evaluation (relative

risk .5). Conversely, older (.40 years) patients with remote

episodes of syncope (.5 years before evaluation) and patients

with a typical history of VVS have low risk of SCD.193

However, in addition to self-terminating ventricular arrhythmia,

many other mechanisms can cause syncope in hypertrophic car-

diomyopathy, including SVT, severe outflow tract obstruction,

bradyarrhythmia, decreased BP in response to exercise, and

reflex syncope. The presence or absence of other SCD risk

factors such as family history of SCD, frequent non-sustained

VT, hypotension during exercise, or marked hypertrophy may

help in the determination of risk. Observational studies have

demonstrated that ICD therapy is effective in high risk patients

with hypertrophic cardiomyopathy.71,72

3.4.3 Arrhythmogenic right ventricular
cardiomyopathy/dysplasia
Syncope occurs in about one-third of patients with arrhythmogenic

right ventricular cardiomyopathy (ARVC) referred to tertiary

centres. Young age, extensive right ventricular dysfunction, left ven-

tricular involvement, polymorphic VT, late potentials, epsilon waves,

and family history of SD, in the absence of other competing diag-

noses, indicates therapy with an ICD.71,72 In a multicentre study con-

ducted on 132 patients in order to evaluate the impact of ICD for

prevention of SCD, the patients with unexplained syncope had a

rate of appropriate ICD intervention of �15% per year, a figure

which was similar to that of patients with cardiac arrest or ventricu-

lar tachycardia with haemodynamic compromise.194

3.4.4 Patients with primary electrical
diseases
Unexplained syncope is regarded as an ominous finding in patients

with inherited cardiac ion channel abnormalities. An ICD should be

carefully considered in the absence of another competing diagnosis

or when ventricular tachyarrhythmia cannot be excluded as a cause

of syncope. Nevertheless, the mechanism of syncope may be het-

erogeneous, being caused by life-threatening arrhythmias in some,

but being of a more benign origin, i.e. reflex, in many others. There-

fore, in these settings, it seems that syncope does not necessarily

carry a high risk of major life-threatening cardiac events and yields

a lower sensitivity than a history of documented cardiac

arrest.52,53 In long QT syndrome, especially those with LQTS2

and LQTS3, the number of cardiac events before the age of 18

years, very prolonged QT intervals, and female gender predict a

worse outcome.195 Brugada syndrome patients with a spontaneous

type 1 ECG pattern have a worse outcome than those with a type 2

or drug-induced pattern.52,140 The usefulness of ICD in patients with

syncope is controversial, but it is undoubtely more questionable

than in cardiac arrest survivors. In the largest multicentre study,196

in 220 patients with Brugada syndrome and ICD including 18 (8%)

with a history of cardiac arrest and 88 (40%) with a history of

syncope, the rates of appropriate ICD shocks were 22 and 10%,

respectively, during a mean follow-up period of 38+ 27 months.
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Recommendations: indications for ICD in patients with unexplained syncope and a high risk of SCD

aClass of recommendation.
bLevel of evidence.

HF ¼ heart failure; ECG ¼ electrocardiogram; ICD ¼ implantable cardioverter defibrillator; ILR ¼ implantable loop recorder; LVEF ¼ left ventricular ejection fraction; SCD ¼

sudden cardiac death.

ICD discharge in syncope patients was similar to that of asympto-

matic patients. In a recent study197 that evaluated the outcome of

59 Brugada patients treated with ICD, none of the 31 patients with

syncope received an appropriate ICD shock during a mean of 39

months follow-up, and appropriate device therapy was limited to

cardiac arrest survivors; conversely, the overall complication rate

was high.

However, the differential diagnosis between benign and malig-

nant forms is usually very difficult in the setting of an inherited

disease based on conventional investigations. Consequently, in

some patients there is a rationale for more precise diagnosis (i.e.

ILR documentation) of the mechanism of syncope before embark-

ing on ICD therapy, although existing data are insufficient to make

recommendations. The few available data in the literature on

patients with syncope and short QT syndrome do not permit

any recommendation.

Part 4. Special issues

4.1 Syncope in the elderly

The most common causes of syncope in the elderly are OH, reflex

syncope, especially CSS, and cardiac arrhythmias.198,199 Different

forms may often co-exist in a patient, making diagnosis difficult.

Hospitalization related to OH increases progressively with age:

4.2% of 65- to 74-year-old patients and 30.5% of patients older

than 75 years.57 In symptomatic patients, 25% have ‘age-related’

OH; in the remainder OH is predominantly due to medication

and primary or secondary atrial fibrillation. Supine systolic hyper-

tension is often present in older patients with OH and complicates

treatment, given that most agents used for treatment of OH

exacerbate supine hypertension and vice versa.

Cardioinhibitory CSS is the recognized cause of symptoms in up

to 20% of elderly patients with syncope. CSH of predominantly

vasodepressor form is equally prevalent,198 but its potential role

in syncope is much less clear.

Diagnostic evaluation

Following a standardized algorithm a definite diagnosis may be

obtained in .90% of older patients with syncope.199

Some aspects of the history, which may be difficult to obtain, are

pertinent in older patients. Syncope occurring in the morning

favours OH. One-third of individuals over 65 years are taking

three or more prescribed medications, which may cause or contrib-

ute to syncope. Their withdrawal reduces recurrences of syncope

and falls.200 Medication history should include the time relationship

with onset of syncope. History should include co-morbidity, associ-

ation with physical frailty, and locomotor disability.

Gait, balance instability, and slow protective reflexes are present in

20–50% of community-dwelling elderly. In these circumstances mod-

erate haemodynamic changes, insufficient to cause syncope, may

result in falls. Therefore, it is important to pursue a witness account

of episodes, although this is not available in up to 60% of cases.200

Cognitive impairment is present in 5% of 65 year olds and 20% of

80 year olds. This may attenuate the patient’s memory of syncope

and falls.40 The cognitive status should be determined in addition

to details of social circumstances, injurious events, impact of

events on confidence, and ability to carry out activities of daily life.

Initial evaluation determines a definite diagnosis in a lower pro-

portion than in the young because symptoms suggestive of VVS are

less frequent in older patients.40,198 In all, assessment of the auto-

nomic system (CSM, tilt test) may be necessary.

Evaluation of neurological and locomotor systems, including

observation of gait and balance, is useful. If cognitive impairment

is suspected, the Mini-Mental State Examination should be per-

formed. Otherwise, the clinical examination and diagnostic

work-up is the same as for younger adults with the exception of

routine supine and upright CSM at the first assessment.
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Some important aspects of diagnostic testing and use of devices

in older patients are illustrated:

† OH is not always reproducible in older adults (particularly

medication- and age-related). Therefore, orthostatic BP apprai-

sal should be repeated, preferably in the morning and/or

promptly after syncope.

† CSM is particularly important to use even if non-specific CSH is

frequent without history of syncope.

† In evaluation of reflex syncope in older patients, tilt testing is well

tolerated and safe, with positivity rates similar to those observed

in younger patients, particularly after nitroglycerine challenge.

† Twenty-four hour ambulatory BP recordings may be helpful if

instability of BP is suspected (e.g. medication or post-prandial).

† Due to the high frequency of arrhythmias, an ILRmay be especially

useful in the elderly with unexplained syncope.108,119,120

Evaluation of the frail elderly

Being old is not a contraindication to assessment and treatment.

However, in frail patients, the rigour of assessment will depend

on compliance with tests and on prognosis. Evaluation of mobile,

independent, cognitively normal older adults must be performed

as for younger individuals.

Orthostatic BP measurements, CSM, and tilt testing are well tol-

erated, even in the frail elderly with cognitive impairment.

Multiple risk factors are more common in the frail elderly and

distinguishing falls from syncope may be difficult. In one recent

study, symptomatic elderly patients with cognitive impairment

had a median of five risk factors for syncope or falls.57 There is

some evidence that modification of cardiovascular risk factors

for falls/syncope reduces the incidence of subsequent events in

community-dwelling frail elderly, even in those with dementia,

but not in institutionalized elderly.201 The influence of hypotension

or arrhythmia on cognitive decline in patients with dementia

remains unknown.58

4.2 Syncope in paediatric patients
Diagnostic evaluation

Diagnostic evaluation in paediatric patients is similar to that in

adults. Reflex syncope represents the vast majority of the aetiol-

ogy, but in rare cases syncope is the manifestation of life-

threatening cardiac arrhythmia or structural abnormalities.

Syncope should also be differentiated from epilepsy and psycho-

genic pseudosyncope, which are rare but important causes of

T-LOC in paediatric patients.

Two specific conditions202 occur in early childhood:

(1) Infantile reflex syncopal attacks (also called pallid breath-

holding spells or reflex anoxic seizures), elicited by a brief

unpleasant stimulus, are caused by vagally mediated cardiac

inhibition.

(2) Apnoeic hypoxic T-LOC (also called cyanotic breath-holding

spells), are characterized by an expiratory cessation of respir-

ation during crying, leading to cyanosis and usually T-LOC.

Careful personal and family history and standard ECG are most

important in distinguishing benign reflex syncope (also including

reflex anoxic seizure or breath-holding spells) from other causes.

If the family history is positive, genetic causes of electrical

disease of the heart should be considered first. Some children

with reflex syncope also have a positive family history,203 the gen-

etics of which are not understood. In patients with a typical history

of reflex syncope, normal physical examination and ECG are

usually sufficient to cease investigation. Tilt testing seems to have

high false-negative and false-positive rates and should be used

with caution for primary identification of patients with reflex

syncope. A remarkably high incidence of near-fainting (40%) was

reported during tilt testing after placement of a simple intravenous

line in healthy children and teenagers. Since tilt protocols com-

monly used in adults may lack specificity in teenage patients, in

one study a shorter tilt test duration of 10 min at 60 or 708 was

used and showed a specificity .85%.204

In young patients, syncope may rarely be the initial manifestation of

unusual but life-threatening conditions, like the long QT syndrome,

Kearns–Sayre syndrome (external ophthalmoplegia and progressive

heart block), Brugada syndrome, catecholaminergic polymorphic

VT,Wolff–Parkinson–White syndrome, right ventricular arrhythmo-

genic cardiomyopathy, hypertrophic cardiomyopathy, pulmonary

arterial hypertension, myocarditis, arrhythmia after repaired congeni-

tal heart disease, or anomalous origin of a coronary artery.

Some aspects of the history can suggest a cardiac origin, and

should prompt cardiac evaluation:

† Family history: premature SCD ,30 years; familial heart disease.

† Known or suspected heart disease.

† Event triggers: loud noise, fright, extreme emotional stress.

† Syncope during exercise, including swimming.

† Syncope without prodrome, while supine or sleeping, or pre-

ceded by chest pain or palpitations.

Therapy

The therapeutic approach is the same as in adults. However, it should

be stressed that effectiveness of pharmacological agents and tilt train-

ing for recurrent syncope is undetermined in the absence of well-

designed paediatric trials. Furthermore, even in the presence of VVS

with prolonged asystole, pacemakers should be avoided due to the

relatively transient and benign nature of the syndrome.205

In summary, the key points for the evaluation of syncope in pae-

diatrics are as follows:

† Syncope in childhood is common, the vast majority being of

reflex origin, with only a minority having a potentially life-

threatening cause.

† Discrimination between benign and serious causes is made pri-

marily by history, physical examination, and ECG.

† The cornerstone of therapy for young patients with reflex

syncope includes education and reassurance.

4.3 Driving and syncope

In a survey206 among 104 patients, 3% of patients with syncope

reported it to have occurred while they were driving; only 1%

crashed their vehicles. Among those advised not to drive, only

9% followed this advice. Among patients with life-threatening ven-

tricular arrhythmias enrolled in the AVID trial,207 symptoms sug-

gestive of tachyarrhythmia recurred frequently while driving, but

they were unlikely to lead to motor vehicle accidents (0.4% per

patient-year). The probability of an accident was lower than the
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Recommendations concerning driving in patients with syncope

Group 1: private drivers of motorcycles, cars and other small vehicles with and without a trailer; Group 2: professional drivers of vehicles over 3.5 tons or passenger-carrying

vehicles exceeding eight seats excluding the driver. Drivers of taxicabs, small ambulances, and other vehicles form an intermediate category between the ordinary private driver

and the vocational driver and should follow local legislation.

*Neurally mediated syncope is defined as severe if it is very frequent, or occurring during the prosecution of a ‘high risk’ activity, or recurrent or unpredictable in ‘high risk’ patients

(see Part 3, treatment).

annual accident rate in the general population and was independent

of the duration of abstinence from driving. A recent study208 pro-

vided long-term follow-up information on recurrence of syncope

in a large population who had syncope while driving. Among 3877

consecutive patients evaluated for syncope, 380 (9.8%) had

syncope while driving, which was commonly caused by reflex

syncope (37%) or cardiac arrhythmia (12%). Recurrence of

syncope during driving occurred in only 10 patients. The cumulative

probability of recurrence while driving was 7% in 8 years. Total

recurrence rate and long-term survival in the driving group was

comparable with that of patients who did not have syncope while

driving. For public safety, the risk of syncope-mediated driving acci-

dents (0.8% per year) appeared to be substantially less than in young

(16–24 years) and in elderly drivers (high risk accident groups).

The 2004 ESC Guidelines on syncope made recommendations on

driving and syncope.1 This TF has the benefit of a further relevant

publication.208 Data suggest that the risk of vehicle accident in

patients with a history of syncope is not different from that of the

general population of drivers without syncope. Specific recommen-

dations for driving in patients with an implanted ICD have been

recently published.209 The mere presence of syncope while driving

should not change the clinical evaluation.

Part 5. Organizational aspects

5.1 Management of syncope
in general practice

Syncope is a common phenomenon in general practice

(Figure 6).26,28 Recurrent typical VVS is the most common diagnosis

in this setting. The diagnosis is based upon a carefully taken medical

history and the context of the event. Most of these typical common

faints can be diagnosed by the patient’s general practitioner and need

only reassurance. An active searching for alarming symptoms is rec-

ommended. Alarming symptoms are: syncope during exertion,

syncope in the lying position, absence of external factors, family

history of SCD, or slow recovery from syncope (Tables 9 and 10).

If the diagnosis remains uncertain and there is potential risk of

dangerous consequences then the patient should be referred to

cardiologist, internist, neurologist, psychologist/psychiatrist as

appropriate or to a specialized syncope facility if available.

5.2 Management of syncope in the
Emergency Department

The evaluation of syncope in the setting of ED has changed from

attempts to make a diagnosis of the cause of syncope to risk stra-

tification (Table 8) in order to: (i) recognize patients with life-

threatening conditions and admit them to the hospital; (ii) recog-

nize patients with low risk conditions to be discharged and

referred later to local syncope facilities; (iii) recognize those who

do not need any further evaluation and treatment;210 and (iv)

choose a timing and setting where further diagnostic tests should

be performed in patients with inconclusive initial evaluation.

5.3 Syncope (T-LOC)
Management Unit

Despite publication of several guidelines, current strategies for the

assessment of T-LOC suspected of being syncope vary widely
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among physicians and hospitals. This results in inappropriate use of

diagnostic tests and in many misdiagnosed and/or unexplained

episodes.

It is the opinion of this Syncope TF that a cohesive, structured care

pathway delivered either within a single syncope facility or as a more

multifaceted service, is optimal for quality service delivery. Further-

more, considerable improvement in diagnostic yield and cost-

effectiveness (i.e. cost per reliable diagnosis) can be achieved.

5.3.1 Existing models of Syncope
(T-LOC) Management Units
Models of care delivery vary from a single ‘one site–one stop’

syncope facility to a wider multifaceted service with many special-

ists involved in syncope management.

The Rapid Access Falls and Syncope Service (FASS) adopted by the

Newcastle group is a rapid access, multidisciplinary approach,

based on standardized algorithms,211 to referrals with syncope

and falls for adults of all ages, but with the addition of particular

expertise in the evaluation of older patients with these overlapping

problems. There is a rapid access pathway for inpatients and for

those attending the ED, with as many investigations as possible

completed at the initial assessment. FASS has a full range of tilt

testing, beat-to-beat BP monitoring, and ambulatory monitoring

equipment as well as physiotherapy, occupational therapy, and

specialist nursing expertise. All patients have an initial detailed

assessment by a general physician, geriatrician, or general prac-

titioner with falls and syncope expertise, and then are either

managed at the Service or referred to colleagues associated with

the Service in neurology, neurophysiology, cardiology, or ear

nose and throat surgery, depending on the symptoms and the find-

ings at the initial assessment. This group showed a significant saving

in emergency hospital costs. The savings were attributed to a com-

bination of factors—reduced re-admission rates, rapid access to

day case facilities for ED staff and community physicians, and

reduced event rates because of effective targeted treatment strat-

egies for syncope and falls.64

The Manchester experience is a model of a T-LOC Facility where

cardiologists (with an interest in syncope) and neurologists (with

an interest in epilepsy) developed a multidisciplinary facility for a

comprehensive evaluation of T-LOC with special emphasis on

differential diagnosis between syncope, epilepsy, and psychogenic

episodes.212

A randomized, single centre study213 showed that a SyncopeObser-

vation Unit in the ED, with appropriate resources and multidisciplin-

ary collaboration, could improve the diagnostic yield, reduce hospital

admission, and achieve favourable long-termoutcome in survival and

recurrence of syncope. After initial evaluation patients had telemetry

for up to 6 h, hourly vital signs and orthostatic BP checks, and echo-

cardiogram for patientswith abnormal ECGor cardiovascular exam-

ination. Tilt table testing, carotid sinus massage, and

electrophysiology consultations were available to the ED physicians.

After completion of syncope observational unit evaluation,

follow-up appointment at the outpatient syncope management

unit can be arranged, if the patient is not admitted to hospital.

The model adopted in some Italian hospitals is a functional

Syncope Management Unit managed by cardiologists inside the

Department of Cardiology, with dedicated personnel. Patients

attending this Syncope Unit have preferential access to all other

facilities within the department including admission to the intensive

care unit. Patients are referred to the syncope unit from the ED

and from inpatient or outpatient clinics, but the personnel of the

unit are not usually involved in the initial evaluation of the

patient. In the Evaluation of Guidelines in Syncope Study

(EGSYS) 232,131 implementation of this practice was facilitated by

decision-making software based on the ESC Guidelines, a desig-

nated physician trained in syncope evaluation, and a central super-

visor. Among 19 Italian hospitals, these investigators demonstrated

that 78% of study subjects adhered to the guideline-based evalu-

ation, resulting in a lower hospitalization rate (39% vs. 47%),

shorter in-hospital stay (7.2+ 5.7 vs. 8.1+5.9 days), and fewer

tests performed per patient (median 2.6% vs. 3.4) than historical

controls. More standardized-care patients had a diagnosis of

reflex (65% vs. 46%) and orthostatic syncope (10% vs. 6%). The

mean cost per patient and the mean cost per diagnosis were 19

and 29% lower in the standardized-care group.

5.3.2 Proposed model
The model of care delivery should be that which is most appropri-

ate to existing practice and resources. Referral sources, extent of

screening prior to presentation at the facility, and presenting age

are issues which influence the model of care delivery.

Referral can be directly from family practitioners, ED, acute hos-

pital inpatients, or from institutional settings after the initial screen-

ing and risk stratification (Figure 7, Table 10). In general, half of the

patients with T-LOC are referred to a Syncope Unit for diagnosis

and/or therapy.32,131

Objectives

Any syncope (T-LOC) facility is aimed at reaching the following goals:

† Provide state-of-the-art guideline-based assessment of sympto-

matic patients in order to risk-stratify them, then obtain an accu-

rate aetiological diagnosis and assess prognosis.

† Physician(s) in charge of the syncope facility lead the process of

comprehensive management from those listed above to therapy,

and, if necessary, follow-up. They perform the core laboratory

tests and have preferential access to hospitalization, diagnostic

tests, and therapeutic procedures.

† Reduce hospitalizations. The majority of patients can be investi-

gated as out-patients or day cases.

† Set standards for clinical excellence in adherence to the rec-

ommendations on syncope.

Professional skill mix for the Syncope Unit. It is not appropriate to be

dogmatic regarding the training of personnel responsible for a

syncope facility. In a single dedicated facility the skill mix will

depend on the specialty of the physician in charge of the unit. Car-

diologists (with interest in pacing and electrophysiology), neurol-

ogists (with interest in autonomic disorders and epilepsy),

general physicians, internists, and geriatricians (with interest in

age-related cardiology and falls) have led syncope facilities

without evidence of superiority of any model. If referrals hail

directly from the community and/or from the ED, a broader skill

mix is required. Experience and training in key components of car-

diology, neurology, emergency and geriatric medicine are perti-

nent, in addition to access to psychiatry and clinical psychology.

Core medical and support personnel should be involved full time

or most of the time in the management of the Unit and should

interact with other stakeholders within the hospital and

community.
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Equipment

Core equipment for the Syncope Unit includes: ECG recorders, BP

monitors, tilt table, external and implantable ECG monitoring

systems, 24 h ambulatory BP monitoring, and autonomic function

testing. The facility should have preferential access to echocardio-

graphy, EPS, coronary angiography, stress testing, and, when

needed, CT, MRI, and electroencephalography. Patients should

have preferential access to hospitalization for dedicated thera-

peutic procedures: pacemaker and defibrillator implantation, cath-

eter ablation, etc.

Key points for standardized care delivery:

† A cohesive, structured care pathway—delivered either within a

single syncope facility or as a more multifaceted service—is rec-

ommended for global assessment of patients with T-LOC (sus-

pected syncope).

† Referral can be directly from: family practitioners, ED, acute

hospital inpatients, institutional settings.

† Objectives are to: give the patient continuity of care, reduce

inappropriate hospitalizations, and set standards of clinical

excellence.

† Experience and training in key components of cardiology, neu-

rology, emergency and geriatric medicine are pertinent.
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136. Scheinman MM, Peters RW, Suavé MJ, Desai J, Abbott JA, Cogan J, Wohl B,

Williams K. Value of the H–Q interval in patients with bundle branch block

and the role of prophylactic permanent pacing. Am J Cardiol 1982;50:1316–1322.

137. Olshansky B, Hahn EA, Hartz VL, Prater SP, Mason JW. Clinical significance of

syncope in the electrophysiologic study versus electrocardiographic monitoring

(ESVEM) trial. The ESVEM Investigators. Am Heart J 1999;137:878–886.

138. Mittal S, Hao SC, Iwai S, Stein KM, Markowitz SM, Slotwiner DJ, Lerman BB. Sig-

nificance of inducible ventricular fibrillation in patients with coronary artery

disease and unexplained syncope. J Am Coll Cardiol 2001;38:371–376.

139. Link MS, Kim KM, Homoud MK, Estes NA, Wang PJ. Long-term outcome of

patients with syncope associated with coronary artery disease and a non diag-

nostic electrophysiological evaluation. Am J Cardiol 1999;83:1334–1337.

140. Paul M, Gerss J, Schulze-Bahr E, Wichter T, Vahlhaus C, Wilde AA, Breithardt G,

Eckardt L. Role of programmed ventricular stimulation in patients with Brugada

syndrome: a meta-analysis of worldwide published data. Eur Heart J 2007;28:

2126–2133.

141. Woelfel AK, Simpson RJ Jr, Gettes LS, Foster JR. Exercise induced distal atrio-

ventricular block. J Am Coll Cardiol 1983;2:578–581.

142. Benbadis SR, Chichkova R. Psychogenic pseudosyncope: an underestimated and

provable diagnosis. Epilepsy Behav 2006;9:106–110.

143. Freeman R. Clinical practice. Neurogenic orthostatic hypotension. N Engl J Med

2008;358:615–624.

144. Hennerici M, Klemm C, Rautenberg W. The subclavian steal phenomenon: a

common vascular disorder with rare neurologic deficits. Neurology 1988;38:

669–673.

145. Thijs RD, Kruit MC, van Buchem MA, Ferrari MD, Launer LJ, van Dijk JG.

Syncope in migraine: the population-based CAMERA study. Neurology 2006;66:

1034–1037.

146. Lempert T, Bauer M, Schmidt D. Syncope: a videometric analysis of 56 episodes

of transient cerebral hypoxia. Ann Neurol 1994;36:233–237.

147. Sheldon R, Rose S, Connolly S, Ritchie D, Koshman ML, Frenneaux M. Diagnos-

tic criteria for vasovagal syncope based on a quantitative history. Eur Heart J

2006;27:344–350.

148. Parry SW, Kenny RA. Drop attacks in older adults: systematic assessment has a

high diagnostic yield. J Am Geriatr Soc 2005;53:74–78.

149. Abubakr A, Wambacq I. The diagnostic value of EEGs in patients with syncope.

Epilepsy Behav 2005;6:433–434.

150. Di Girolamo E, Di Iorio C, Leonzio L, Sabatini P, Barsotti A. Usefulness of a tilt

training program for the prevention of refractory neurocardiogenic syncope in

adolescents: a controlled study. Circulation 1999;100:1798–1801.

151. Reybrouck T, Heidbuchel H, Van De Werf F, Ector H. Long-term follow-up

results of tilt training therapy in patients with recurrent neurocardiogenic

syncope. Pacing Clin Electrophysiol 2002;25:1441–1446.

152. Foglia-Manzillo G, Giada F, Gaggioli G, Bartoletti A, Lolli G, Dinelli M, Del

Rosso A, Santarone M, Raviele A, Brignole M. Efficacy of tilt training in the treat-

ment of neurally mediated syncope. A randomized study. Europace 2004;6:

199–204.

153. Kinay O, Yazici M, Nazli C, Acar G, Gedikli O, Altinbas A, Kahraman H,

Dogan A, Ozaydin M, Tuzun N, Ergene O. Tilt training for recurrent neurocar-

diogenic syncope: effectiveness, patient compliance, and scheduling the fre-

quency of training sessions. Jpn Heart J 2004;45:833–843.

154. On YK, Park J, Huh J, Kim JS. Is home orthostatic self-training effective in pre-

venting neurocardiogenic syncope? A prospective and randomized study.

Pacing Clin Electrophysiol 2007;30:638–643.

155. Duygu H, Zoghi M, Turk U, Akyuz S, Ozerkan F, Akilli A, Erturk U, Onder R,

Akin M. The role of tilt training in preventing recurrent syncope in patients

with vasovagal syncope: a prospective and randomized study. Pacing Clin Electro-

physiol 2008;31:592–596.

156. Kaufman H, Saadia D, Voustianiouk A. Midodrine in neurally mediated syncope: a

double-blind randomized cross-over study. Ann Neurol 2002;52:342–345.

157. Raviele A, Brignole M, Sutton R, Alboni P, Giani P, Menozzi C, Moya A. Effect of

etilefrine in preventing syncopal recurrence in patients with vasovagal syncope: a

double-blind, randomized, placebo-controlled trial. The Vasovagal Syncope

International Study. Circulation 1999;99:1452–1457.

158. Samniah N, Sakaguchi S, Lurie KG, Iskos D, Benditt DG. Efficacy and safety of

midodrine hydrochloride in patients with refractory vasovagal syncope. Am J

Cardiol 2001;88:80–83.

159. Perez-Lugones A, Schweikert R, Pavia S, Sra J, Akhtar M, Jaeger F, Tomassoni GF,

Saliba W, Leonelli FM, Bash D, Beheiry S, Shewchik J, Tchou PJ, Natale A. Useful-

ness of midodrine in patients with severely symptomatic neurocardiogenic

syncope: a randomized control study. J Cardiovasc Electrophysiol 2001;12:

935–938.

160. Ward CR, Gray JC, Gilroy JJ, Kenny RA. Midodrine: a role in the management of

neurocardiogenic syncope. Heart 1998;79:45–49.

ESC Guidelines Page 39 of 41



161. Qingyou Z, Junbao D, Chaoshu T. The efficacy of midodrine hydrochloride in

the treatment of children with vasovagal syncope. J Pediatr 2006;149:777–780.

162. Salim MA, Di Sessa TG. Effectiveness of fludrocortisone and salt in preventing

syncope recurrence in children: a double blind, placebo-controlled, randomized

trial. J Am Coll Cardiol 2005:45;484–488.

163. Sheldon R, Rose S, Flanagan P, Koshman ML, Killam S. Effect of beta blockers on

the time to first syncope recurrence in patients after a positive isoproterenol tilt

table test. Am J Cardiol 1996;78:536–539.

164. Madrid AH, Ortega J, Rebollo JG, Manzano JG, Segovia JG, Sánchez A, Peña G,

Moro C. Lack of efficacy of atenolol for the prevention of neurally mediated

syncope in a highly symptomatic population: a prospective, double-blind, ran-

domized and placebo-controlled study. J Am Coll Cardiol 2001;37:554–559.

165. Flevari P, Livanis EG, Theodorakis GN, Zarvalis E, Mesiskli T, Kremastinos DT.

Vasovagal syncope: a prospective, randomized, crossover evaluation of the

effect of propranolol, nadolol and placebo on syncope recurrence and patients’

well-being. J Am Coll Cardiol 2002;40:499–504.

166. Brignole M, Menozzi C, Gianfranchi L, Lolli G, Bottoni N, Oddone D. A con-

trolled trial of acute and long-term medical therapy in tilt-induced neurally

mediated syncope. Am J Cardiol 1992;70:339–342.

167. Sheldon R, Connolly S, Rose S, Klingenheben T, Krahn A, Morillo C, Talajic M,

Ku T, Fouad-Tarazi F, Ritchie D, Koshman ML; POST Investigators. Prevention of

Syncope Trial (POST): a randomized, placebo-controlled study of metoprolol in

the prevention of vasovagal syncope. Circulation 2006;113:1164–1170.

168. Di Girolamo E, Di Iorio C, Sabatini P, Leonzio L, Barbone C, Barsotti A. Effects

of paroxetine hydrochloride, a selective serotonin reuptake inhibitor, on refrac-

tory vasovagal syncope: a randomized, double-blind, placebo-controlled study.

J Am Coll Cardiol 1999;33:1227–1230.

169. Sutton R, Brignole M, Menozzi C, Raviele A, Alboni P, Giani P, Moya A. Dual-

chamber pacing in the treatment of neurally mediated tilt-positive cardioinhibi-

tory syncope: pacemaker versus no therapy: a multicenter randomized study.

The Vasovagal Syncope International Study (VASIS) Investigators. Circulation

2000;102:294–299.

170. Ammirati F, Colivicchi F, Santini M. Permanent cardiac pacing versus medical

treatment for the prevention of recurrent vasovagal syncope: a multicenter, ran-

domized, controlled trial. Circulation 2001;104:52–57.

171. Connolly SJ, Sheldon R, Roberts RS, Gent M. The North American Vasovagal

Pacemaker Study (VPS). A randomized trial of permanent cardiac pacing for

the prevention of vasovagal syncope. J Am Coll Cardiol 1999;33:16–20.

172. Connolly SJ, Sheldon R, Thorpe KE, Roberts RS, Ellenbogen KA, Wilkoff BL,

Morillo C, Gent M; VPS II Investigators. Pacemaker therapy for prevention of

syncope in patients with recurrent severe vasovagal syncope: Second Vasovagal

Pacemaker Study (VPS II): a randomized trial. JAMA 2003;289:2224–2229.

173. Raviele A, Giada F, Menozzi C, Speca G, Orazi S, Gasparini G, Sutton R,

Brignole M; Vasovagal Syncope and Pacing Trial Investigators. A randomized,

double-blind, placebo-controlled study of permanent cardiac pacing for the

treatment of recurrent tilt-induced vasovagal syncope. The vasovagal syncope

and pacing trial (SYNPACE). Eur Heart J 2004;25:1741–1748.

174. Sud S, Massel D, Klein GJ, Leong-Sit P, Yee R, Skanes AC, Gula LJ, Krahn AD.

The expectation effect and cardiac pacing for refractory vasovagal syncope.

Am J Med 2007;120:54–62.

175. Sud S, Klein GJ, Skanes AC, Gula LJ, Yee R, Krahn AD. Implications of mechanism

of bradycardia on response to pacing in patients with unexplained syncope. Euro-

pace 2007;9:312–318.

176. Morley CA, Perrins EJ, Grant PL, Chan SL, Mc Brien DJ, Sutton R. Carotid sinus

syncope treated by pacing. Analysis of persistent symptoms and role of atrioven-

tricular sequential pacing. Br Heart J 1982;47:411–418.

177. Brignole M, Sartore B, Barra M, Menozzi C, Lolli G. Ventricular and dual

chamber pacing for treatment of carotid sinus syndrome. Pacing Clin Electrophysiol

1989;12:582–590.

178. Claydon VE, Hainsworth R. Salt supplementation improves orthostatic cerebral

and peripheral vascular control in patients with syncope. Hypertension 2004;43:

809–813.

179. Schroeder C, Bush VE, Norcliffe LJ, Luft FC, Tank J, Jordan J, Hainsworth R.

Water drinking acutely improves orthostatic tolerance in healthy subjects. Circu-

lation 2002; 106:2806–2811.

180. van Lieshout JJ, ten Harkel AD, Wieling W. Physical manoeuvres for combating

orthostatic dizziness in autonomic failure. Lancet 1992;339:897–898.

181. Omboni S, Smit AA, van Lieshout JJ, Settels JJ, Langewouters GJ, Wieling W.

Mechanisms underlying the impairment in orthostatic tolerance after nocturnal

recumbency in patients with autonomic failure. Clin Sci (Lond) 2001;101:

609–618.

182. Smit AA, Wieling W, Fujimura J, Denq JC, Opfer-Gehrking TL, Akarriou M,

Karemaker JM, Low PA. Use of lower abdominal compression to combat ortho-

static hypotension in patients with autonomic dysfunction. Clin Auton Res 2004;

14:167–175.

183. Jankovic J, Gilden JL, Hiner BC, Kaufmann H, Brown DC, Coghlan CH, Rubin M,

Fouad-Tarazi FM. Neurogenic orthostatic hypotension: a double-blind, placebo-

controlled study with midodrine. Am J Med 1993;95:38–48.

184. Low PA, Gilden JL, Freeman R, Sheng KN, McElligott MA. Efficacy of midodrine

vs placebo in neurogenic orthostatic hypotension. A randomized, double-blind

multicenter study. Midodrine Study Group. JAMA 1997;277:1046–1051.

185. Wright RA, Kaufman HC, Perera R, Opfer-Gehrking TL, McEllogott MA,

Sheng KN, Low PA. A double-blind, dose–response study of midodrine in neu-

rogenic orthostatic hypotension. Neurology 1998;51:120–124.

186. van Lieshout JJ, ten Harkel AD, Wieling W. Fludrocortisone and sleeping in the

head-up position limit the postural decrease in CO in autonomic failure. Clin

Auton Res 2000;10:35–42.

187. Finke J, Sagemüller I. Fludrocortisone in the treatment of orthostatic hypoten-

sion: ophthalmodynamography during standing Dtsch Med Wochenschr 1975;

100:1790–1792.

188. ten Harkel AD, van Lieshout JJ, Wieling W. Treatment of orthostatic hypoten-

sion with sleeping in the head-up tilt position, alone and in combination with flu-

drocortisones. J Intern Med 1992;232:139–145.

189. Alboni P, Menozzi C, Brignole M, Paparella N, Gaggioli G, Lolli G, Cappato R.

Effects of permanent pacemaker and oral theophylline in sick sinus syndrome

the THEOPACE study: a randomized controlled trial. Circulation 1997;96:

260–266.

190. Sgarbossa EB, Pinski SL, Jaeger FJ, Trohman RG, Maloney JD. Incidence and pre-

dictors of syncope in paced patients with sick sinus syndrome. Pacing Clin Electro-

physiol 1992;15:2055–2060.

191. Pavlovic SU, Kocovic D, Djordjevic M, Belkic K, Kostic D, Velimirovic D. The

etiology of syncope in pacemaker patients. Pacing Clin Electrophysiol 1991;14:

2086–2091.

192. Andrews NP, Fogel RI, Pelargonio G, Evans JJ, Prystowsky EN. Implantable defi-

brillator event rates in patients with unexplained syncope and inducible sus-

tained ventricular tachyarrhythmias: a comparison with patients known to

have sustained ventricular tachycardia. J Am Coll Cardiol 1999;34:2023–2030.

193. Spirito P, Autore C, Rapezzi C, Bernabò P, Badagliacca R, Maron MS,
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