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Challenges'of'Syncope'Workup'

•  Identify'pts'requiring'immediate'intervention'
when'diagnosis'is'established.'

•  Identify,'among'pts'without'a'diagnosis,'what'is'
the'appropriate'strategy'for'evaluation:'inpatient'
or'outpatient?''

•  To'find'a'costEeffective'way'to'establish'the'
diagnosis.'

'
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Syncope'Definition''

A'paroxysmal'and'transient'loss'of'consciousness'
(TELOC)'due'to'transient'global'cerebral'
hypoperfusion.'
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Conditions'mimicking'syncope''

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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First'Step:'IS'IT'A'SYNCOPE?'

The'importance'of'a'detailed'history'

•  Abrupt'and'transient'LOC''

•  Short'duration'

•  Prodromes'or'not'E'when'without'or'with'short'premonitory'
symptoms'–'more'severe'presentation:'physical'injury;'car'
accident'

•  Loss'of'postural'tone'or'mild'and'brief'convulsive'movements''

•  PostEevent'symptoms'recovery'in'minutes'!
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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. Together with
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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Second'Step:'RISK'''STRATIFICATION'
The'importance'of'a'detailed'history'

•  Are'the'episodes'related'to'emotional'stress'or'effort?''

•  Any'previous'history'or'symptoms'of'CAD'or'HF?'

•  Palpitations'before'syncope?'
•  Autonomic'prodromal'symptoms?''

•  Any'occurrence'in'supine'position?'
•  Family'history'of'SD?'
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270'consecutive'pt'E'145'male'

Average'age:'59'years'old'

HISTORY,'PHYSICAL'EXAMINATION'AND'ECG''

(Initial'evaluation)'

'
'

Independent'risk'factors''

End'point:'Mortality'in'12'months(

''

OESIL(RISK(SCORE(
EMERGENCY(DEPARTMENT(
(
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OESIL(RISK(SCORE(
EMERGENCY(DEPARTMENT(
(
INDEPENDENT'RISK'FACTORS'

•  Age'older'than'65'years''
•  Structural'Heart'Disease'
•  Absence'of'premonitory'symptoms'
•  Abnormal'ECG'

' European'Heart'Journal'(2003)'24,811E19'
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'Predictors'of'cardiac'syncope'E'follow'up'(614'+/E'73'days)'

•  'Abnormal'ECG'and/or'heart'disease.''

•  'Palpitations'before'syncope.'

•  'Syncope'during'effort'or'in'supine'position.''

•  'Absence'of'autonomic'prodromes.''

•  'Absence'of'predisposing'and/or'precipitating'factors.''

'A'score'>/='3'identified'cardiac'syncope'–'sensitivity:'95%'and'specificity:'61%'

The'EGSYS'RISK'SCORE'

Heart.'2008'Jun'2.''
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'''

Syncope:'is'a'Diagnosis'a'Diagnosis'?'
David'Benditt,'Michele'Brignole.'JACC'2003;'41(5):791E4.'

The'only'way'to'determine'a'correct'etiologic'

diagnosis'is'establishing'a'strong'correlation'between'

the'results'of'the'tests'and'the'suspicious'diagnosis,''

based'on'a'detailed'history,'physical'examination'and'

ECG.''
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Syncope'until'unexplained'

What'is'the'next'step?''

Real'time'ECG'monitoring'with'ILR''
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Use'of'an'implantable'loop'recorder'to'increase'
the'diagnostic'yield'in'unexplained'syncope:'
results'from'the'PICTURE'registry'

Europace'(2011)'13,'262–269'

•  Prospective,'multicentre,'observational'study''

•  From'November'2006'until'October'2009'

•  '11'countries.''

•  To'determine'the'effectiveness'of'the'ILR'in'the'
diagnosis'of'unexplained'recurrent'syncope'in'everyday'
clinical'practice.'



was missing for 2% of patients. Patients with syncope had experi-
enced a median of 4 reported events prior to enrolment, of
which three were within the 2 years prior to enrolment. Mean
age (+SD) at first syncope was 55+20 years. Reveal versions
DX/XT were used in 316 patients (55%); the remaining 45%
received Reveal Plus. Baseline characteristics for the 80 patients
without complete follow-up did not differ from those in the
overall population.

Physicians consulted and diagnostic tests
performed before ILR implant
The first specialist consulted for syncope in almost 23% of patients
was an emergency medicine consultant. Cardiologists were the
first specialists consulted in 43% of cases and neurologists in
11% (Figure 1). The last specialist consulted before the referral
for implant of the ILR was a cardiologist in 72% of cases, with
no other specialties represented in more than 10% of cases
(Figure 1). Cardiologists were the most frequently consulted
specialists, with general practitioners second-most consulted phys-
icians overall. Forty-seven per cent of the study population had
consulted a neurologist at some point. Overall, patients had seen
an average of three different specialists for management of their
syncope. Most patients (70%) had been hospitalized at least once
for syncope and one-third (36%) had experienced significant
trauma in association with a syncopal episode.

The median number of tests performed per patient in the total
study population was 13 (IQ range 9–20; Table 2). The tests per-
formed most frequently were echocardiography, ECG, ambulatory
ECG monitoring, in-hospital ECG monitoring, exercise testing, and
orthostatic blood pressure measurements. About half the patient
population had undergone an MRI/CT scan (47%), neurological
or psychiatric evaluation (47%), or electroencephalography (EEG;
39%). In contrast, carotid sinus massage or tilt tests were only
undertaken in one-third of subjects. The ILR was implanted
during the initial phase of the diagnostic work-up (up to four diag-
nostic tests) in 128 patients (22%).

Diagnostic yield
During follow-up, a total of 218 patients (38% of the population)
experienced an episode of syncope, 149 (26% of patients or
68% of episodes) with prodromal symptoms. The percentages of
patients who had a recurrence of syncope were 19, 26, and 36%
after 3, 6, and 12 months, respectively (Figure 2). Ten patients
with an episode during follow-up (5.2% of the population with
an event) had associated severe trauma.

There were 25 symptomatic recurrences without an ILR record-
ing. Time to a syncopal event where Reveal played a role in the
diagnosis showed the recurrence of diagnosis within 180 days as
20%, within 365 days as 30%, and within 462 days as 38%
(Figure 2). The estimated rate of syncope after 30 days of follow-up
was 10% and the estimated rate of diagnosis where Reveal played a
role at this time of follow-up was 9%. Of the 218 events, 23 diag-
noses were reported as not guided by Reveal data and for 12
patients, data were inconclusive. The diagnosis was reported as
guided by Reveal in 78% of cases or 170 patients (Figure 3); the
role in 13 diagnoses was inconclusive.

Table 1 General characteristics of patients at study
enrolment

Total recruitment 570 (100%)

Women 306 (54%)

Age+ SD 61+17

Primary Indication

Unexplained syncope 517 (91%)

Unexplained pre-syncope 42 (7%)

Other 11 (2%)

History

Hypertension 277 (49%)

Coronary artery disease 84 (15%)

Valvular heart disease 30 (5%)

Cardiomyopathy 18 (3%)

Stroke/TIA 57 (10%)

Diagnostic work-up before ILR implant

In an initial phase of diagnostic work-up of syncope 128 (22%)

After full evaluation of mechanism of syncope 386 (68%)

Device Implanted

Reveal DX 264 (46%)

Reveal XT 52 (9%)

Reveal Plus 254 (45%)

Age at first syncope 55+20

Previous syncopes median (IQ range) 4 (2–6)

Syncopes in the last 2 years median (IQ range) 3 (2–4)

Syncopal episodes per year median (IQ range) 2 (1–3.5)

Median interval between first and last episode years
(IQ range)

2 (0–4)

Any previous hospitalization because of syncope 399 (70%)

Any syncopal episodes without prodromes 339 (59%)

Any syncopal episodes with severe trauma 204 (36%)

Any syncopal episodes suggestive of vasovagal origin 86 (15%)

Any situational syncope 39 (7%)

Characteristics of last syncope

After effort 28 (5%)

During effort 144 (25%)

At rest 294 (52%)

Unknown 97 (17%)

Missing 7 (1%)

Symptoms

Muscle spasms (one sided) 8 (1%)

Muscle spasms (two sided) 19 (3%)

Grand mal 10 (2%)

Other muscle spasms 14 (2%)

Transpiration 73 (13%)

Cyanosis 19 (3%)

Angina pectoris 23 (4%)

Palpitations 76 (13%)

Dizziness 163 (29%)

Dyspnoea 33 (6%)

Fatigue 95 (17%)

Other 80 (14%)

None 266 (47%)

N. Edvardsson et al.264
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age (+SD) at first syncope was 55+20 years. Reveal versions
DX/XT were used in 316 patients (55%); the remaining 45%
received Reveal Plus. Baseline characteristics for the 80 patients
without complete follow-up did not differ from those in the
overall population.

Physicians consulted and diagnostic tests
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for syncope and one-third (36%) had experienced significant
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The median number of tests performed per patient in the total
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orthostatic blood pressure measurements. About half the patient
population had undergone an MRI/CT scan (47%), neurological
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•  218'patients'(38%'of'the'population)'experienced'
an'episode'of'syncope''

•  149'(26%'of'patients'or'68%'of'episodes)'had'
prodromal'symptoms.''

•  Ten'patients'(5.2%)'had'severe'trauma'associated'
to'the'event.'

Use'of'an'implantable'loop'recorder'to'increase'
the'diagnostic'yield'in'unexplained'syncope:'
results'from'the'PICTURE'registry'

Europace'(2011)'13,'262–269'



and autonomic function testing should be available.
Algorithms coupled with interactive decision-making
software (see next section) and dedicated rooms for
assessment and investigation are also recommended.

• Fast track access with a separate waiting list and
scheduled follow-up visits.

• On-site preferential access to specialized tests: echocar-
diography, invasive electrophysiological testing, coronary
angiography, stress testing, computed tomography, mag-
netic resonance imaging, and electroencephalography
should be available to the caring physician. Easy access
to hospital beds for dedicated therapeutic procedures
(e.g., pacemaker, defibrillator implantation, catheter
ablation) is essential.

Since the publication of the ESC document, many
investigators have shown in uncontrolled studies that the
use of specialized syncope facilities led to an improvement in
diagnostic yield and cost effectiveness (i.e., cost per reliable
diagnosis) (28,29,40–43). In a randomized controlled
study, Shen et al. (44) found that a designated syncope unit
in the ED significantly improved diagnostic yield, reduced
hospital admissions, and reduced total length of hospital
stay without affecting recurrent syncope and all-cause mor-
tality when compared with standard care. Probably the
largest reported real-world experience is that of the SUP
(Syncope Unit Project) study (26). This prospective multi-
center study documented the current practice of 9 syncope
units in Italy. The study enrolled 941 consecutive patients
affected by unexplained TLOC from March 15, 2008, to
September 15, 2008. The majority of patients (60%) were
referred from out-of-hospital services, 11% and 13% were
immediate and delayed referral, respectively, from the ED
(so-called “protected discharge” with an appointment for
early assessment), and 16% were hospitalized patients. A

diagnosis was established on initial evaluation in 191 pa-
tients (21%) and early by a mean of 2.9 ! 1.6 tests in 541
patients (61%). A likely reflex cause was established in 67%,
orthostatic hypotension in 4%, cardiac in 6%, and nonsyn-
copal in 5% of the cases. The cause of syncope remained
unexplained in 159 patients (18%), despite a mean of 3.5 !
1.8 tests per patient.
Algorithms coupled with interactive decision-making
software. A web-based online interactive decision-making
algorithm is another promising tool that could help physi-
cians in their attempts to follow the guidelines. In addition
to posting educational material, such access could also help
provide suggestions regarding the most appropriate
evidence-based therapy. Because such software were never
intended to be surrogates to a physician’s skills and judg-
ment, use of the software would still require a physician
expert in the field who can take care of and manage these
patients.

The software concept was first tested in the EGSYS 2
study (25). Keeping with the requirements, the authors used
decision-making software based on the ESC guidelines and
ensured the presence of a trained physician at each of the
participating hospitals. The designated physician was
granted access to a specialist who is knowledgeable about
the management of patients with syncope. The strategy led
to adherence to a guideline approach in 86% of 541 patients
and yielded a diagnosis in 98% of cases. Important limita-
tions included the exclusion of outpatients and the required
availability of a “syncope expert” by phone to provide advice.
In another study, a direct but nonrandomized comparison
was made between 745 patients from 18 hospitals that
adopted the same standardized care model and 929 patients
from another 28 hospitals that used the conventional
method (45). The standardized care strategy resulted in
improved diagnostic yield (95% vs. 80%), reduced admission
rate (39% vs. 47%), shorter in-hospital stay (7.2 vs. 8.1
days), fewer tests performed per patient (median 2.6 vs. 3.4),
and 19% reduction in cost.

Recently we developed at the University of Utah a faint
algorithm that incorporated the most recent ESC guidelines
(Fig. 4). The software was validated in 2 studies. In the first
study (46), we found that 6% of the discharges and 58% of
the admissions from the ED were not in accordance with
the ESC guidelines. The adoption of the faint algorithm
would have resulted in a 52% reduction in admission rate
without a significant difference in the prevalence of serious
events in the discharged group. In the second study, we
evaluated prospectively the incremental value of the faint
algorithm in the outpatient setting. We found that the use
of such an algorithm resulted in a significant decrease in the
number of admissions (2% vs. 16%; p " 0.001) and a
significant increase in the number of diagnoses during the
first 45 days of workup (57% vs. 39%; p # 0.02). In
addition, the number of tests or consultations resulting in
additional charges was significantly lower when compared
with conventional methods (1.9 ! 1.0 vs. 2.6 ! 1.2; p #

Figure 3 Time-Dependent Cumulative Diagnostic Yield of ILR

The actuarial curve with its 95% confidence intervals is presented.
ILR # implantable loop recorder.
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Significant progress has been made in the past 3 decades in our understanding of the various causes of loss of
consciousness thanks to the publication of several important studies and guidelines. In particular, the recent
European Society of Cardiology guidelines provide a reference standard for optimal quality service delivery. This
paper gives the reader brief guidance on how to manage a patient with syncope, with reference to the above
guidelines. Despite the progress made, the management of patients with syncope remains largely unsatisfactory
because of the presence of a significant gap between knowledge and its application. Two new concepts aimed
at filling that gap are currently under evaluation: syncope facilities with specialist backup and interactive
decision-making software. Preliminary data have shown that a standardized syncope assessment, especially
when coupled with interactive decision-making software, decreases admission rate and unnecessary testing and
improves diagnostic yield, thus reducing cost per diagnosis. The long-term effects of such a new health care
model on the rate of diagnosis and survival await future studies. (J Am Coll Cardiol 2012;59:1583–91)
© 2012 by the American College of Cardiology Foundation

Syncope and Its Context

Definition. Transient loss of consciousness (TLOC) or
faint are generic terms that encompass all disorders charac-
terized by transient, self-limited, nontraumatic loss of con-
sciousness. The causes of TLOC include syncope, epileptic
seizures, psychogenic, and other rare miscellaneous causes.
What differentiates syncope from the other forms of TLOC
is its unique pathophysiology (i.e., transient global cerebral
hypoperfusion due to low peripheral resistances and/or low
cardiac output) (1).
Epidemiology. TLOC events of suspected syncopal nature
are extremely frequent in the general population (2). A
recent epidemiological study performed in the state of Utah
(3) showed that the yearly prevalence of fainting spells
resulting in medical evaluation was 9.5 per 1,000 inhabit-
ants, with 1 out of 10 patients hospitalized. The majority of
patients did not seek medical help, and only a small fraction
saw a specialist or presented to the emergency department
(ED) (Table 1) (2,3). The first-time incidence of syncope by
age is bimodal (1). Its prevalence is very high in patients
between the ages of 10 and 30 years, is uncommon in adults
with an average age of 40 years, and peaks again in patients
older than 65 years. In the Framingham study (4), the

10-year cumulative incidence of syncope was 11% for both
men and women aged 70 to 79 years and 17% and 19% for
men and women, respectively, age !80 years.
Prognosis. The outcome in patients with syncope is often
related to the severity of the underlying disease rather than
the syncopal event itself. Structural heart disease and ortho-
static hypotension in the elderly patient are associated with
an increased risk of death due to comorbidities (1,5). In the
EGSYS 2 (Guidelines in Syncope Study 2) follow-up study
(6) including 398 patients who presented to the ED with
syncope, death of any cause occurred in 9.2% of patients
during a mean follow-up of 614 days. Among the patients
who died, 82% had an abnormal electrocardiogram (ECG)
and/or heart disease; conversely, only 6 deaths (3%) oc-
curred in patients without abnormal ECG and/or heart
disease, indicating a negative predictive value of 97%.
Mortality was significantly worse in patients with structural
cardiac or cardiopulmonary cause of syncope compared with
that of patients with other causes of syncope.

Classification and Treatment

Traditionally, the causes of syncope are classified according
to etiology and presumed pathophysiology. Figure 1, left
column, shows the classification of syncope based on etiol-
ogy as proposed by the European Society of Cardiology
(ESC) guidelines (1). Because of recent advances in tech-
nology, our ability to make a diagnosis based on the
documentation of spontaneous events has increased. This
resulted in a new classification based on the underlying
mechanism (7). Figure 1, right column, shows the classifi-
cation of syncope based on mechanism. Classification based
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to document any syncopal episode in 25 (43%) patients; in 16 of
these, ILR monitoring is still on-going.

The probability of ILR documentation of a diagnostic event was
similar in patients with associated competing clinical abnormalities/
diagnoses and in those without [15/29 (52%) vs. 13/24 (54%) P ¼ 1.0].

Treatment
A specific ILR-guided therapy was administered in the 15 patients
with arrhythmic syncope: pacemaker in 11, antiarrhythmic drugs in
three patients and reduction of hypotensive drugs in one patient.
These patients were followed up for 22+ 20 months: syncope re-
curred in 2/11 patients on pacemaker therapy and in 3/4 patients
on other therapies. Antiepileptic drugs were continued in six patients
and epileptic attacks recurred in three of these. A reappraisal of one
of the two patients who had a syncopal recurrence after pacemaker
therapy suggested that bothasystolic events and epilepsy coexisted in
the same patient; antiepileptic drug therapy was therefore added, and
no episodes recurred during the following 4 years.

Discussion
Among the various causes of real or apparent T-LOC,1 in this study
epilepsy and unexplained falls were those that were considered
most suitable for ILR recording and diagnosis. The main finding of
our study was that 57% of patients with an initial diagnosis of either
likely epilepsy or unexplained fall had ILR documentation of a
relapse of their index attack and that, in about a quarter of patients,
the final diagnosis was of arrhythmic syncope. Moreover, in the
other patients, in whom no arrhythmia was documented at the
time of a spontaneous attack, ILR monitoring definitely excluded an
arrhythmic cause. Interestingly, syncope and epilepsy coexisted in 1
patient. A recent case report12 has described this association
between two different conditions which have traditionally been con-
sidered unable to coexist in the same patient. Finally, many patients
had no recurrence of real or apparent T-LOC during ILR monitoring.
In some of these, ECG monitoring is still ongoing after 20 months of
follow-up. This finding underlines the fact that, when an ILR strategy is

decided upon, physicians should be prepared to wait even for some
years before obtaining ECG documentation of a spontaneous
attack.13 This study suggests that ILR monitoring provides additional
diagnostic value, in that it can confirm/exclude an arrhythmic mech-
anism, thus helping to distinguish between syncopeand non-syncopal
causes of T-LOC.

However, in order to put the results of this study into a correct
clinical perspective, it must be underlined that the study population
was a very selected group of ‘difficult’ cases in whom the aspecific
presentation (and the lackof historical information due to retrograde
amnesia) of the episodes or the presence of competing abnormal-
ities/diagnoses make differential diagnosis challenging. This is not
the case of the majority of patients affected by epilepsy and fall, in
whom ILR monitoring is unnecessary.

Epilepsy vs. syncope
In most cases, epilepsy is not generally difficult to diagnose and can
easily be distinguished from syncope by means of the conventional
evaluation.14– 16 Epileptic discharges arising from focal cortical dis-
turbances, namely focal epilepsy, have a localized ictal beginning
and are generally easy to distinguish from syncope, even though
any partial seizure may spread to become generalized, thus leading
to a secondary tonic-clonic seizure. In generalized seizures, both
hemispheres are involved and consciousness is lost suddenly which
may imply a differential diagnosis with convulsive syncope.17,18 Elec-
troencephalographic (EEG) findings can help to diagnose epilepsy
and to distinguish between partial and generalized seizures.19 Inter-
ictal EEGs tend to show localized spikes and, on occasion, associated
focal slow waves in patients with partial seizures, but synchronous,
high-amplitude, generalized spike-wave discharge in patients with
primarily generalized seizures. In theory, only a few rare forms of
epilepsy can mimic a syncopal T-LOC. Nevertheless, in clinical prac-
tice, the misdiagnosis of epilepsy is much more frequent and can
occur when precise historical features are lacking or there are abnor-
mal limb movements, such as myoclonic jerks or tonic-clonic activity
mimicking generalized epilepsy.20,21 It is estimated that as many as
20–40% of such patients diagnosed as epileptic actually have neurally
mediated syncope with abnormal limb movements (‘convulsive
syncope’).2,22 An uncorrected diagnosisof epilepsy may have implica-
tions for driving, occupation, and insurance.23 The best available
method of investigating patients with suspected epilepsy is videotele-
metry during EEG and ECG monitoring, but this examination is very
costly and of limited availability.24 Videotelemetry was not per-
formed in our patients by referring neurologists who preferred to
go straight to ILR implantation. Our study demonstrates the utility
of ILR monitoring in such patients as an alternative or in addition to
videotelemetry. Few data are available in the literature; these are
summarized in Table 2. While our results are difficult to compare
with those of small studies and case series, they are consistent with
those of Petkaret al.,8 who founda similarly high incidenceof asystolic
reflex syncope in patients with convulsive T-LOC previously sus-
pected of being of an epileptic nature and treated with antiepileptic
drugs. Although the ECG recording provided by the ILR cannot of
course confirm a diagnosis of epilepsy, the registration of a spontan-
eous attack of tonic-clonic epilepsy can be indirectly inferred by ana-
lyzing the noise recorder in the ILR tracing. In a study by Ho et al.,7 the
EEG recordings of generalized tonic-clonic seizures were considered

Diagnosis after ILR
Clinical evalution and

conventional tests

Suspected
epilepsy
n = 28

Unexplained
fall

n = 29 

No arrhythmia
(epilepsy or non-

arrhythmic syncope)
n = 9 (16%)

Arrhythmic
syncope

n = 15 (26%)

No arrhythmia
(fall or non-arrhythmic

syncope)
n = 9 (16%)

ILR-undocumented
n = 25 (43%)
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Figure 1 Additional diagnostic value of ILR. ILR, implantable loop
recorder.
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identical, and revealed a tonic phase (sustained, rapid, high-frequency
myopotentials) transitioning to a clonic phase (periodic bursts of
high-frequency myopotentials with a decelerating burst frequency
from 3–6 Hz to 1–2 Hz) prior to seizure termination. Similarly,
Pektar et al.8 found muscle artifacts suggestive of tonic-clonic
seizure in 3.9% of patients’ seizures, while the underlying ECG
appeared normal. We did not find such features in this study.

Unexplained fall vs. syncope
A significant overlap between syncope and fall has recently been
recognized.25 Most falls can be easily attributed to incidental (i.e.
any fall related to high velocity action or sports, contact or high-risk
activities, or a state of intoxication) or to accidental causes (any fall
due to slipping or tripping).26 Nevertheless, about 20% of falls
remain unexplained after conventional investigations, and may
warrant ILR implantation.27 Thirty percent of elderly patients with
witnessed syncope have amnesia due to loss of consciousness, and
nearly two-thirds of older patients with orthostatic hypotension pre-
senting with falls deny loss of consciousness.28 For all these reasons,
falls and syncope in elderly patients are often indistinguishable. Car-
diovascular disorders are responsible for a significant number of
patients presenting with a fall related to unexplained loss of con-
sciousness. The cardiovascular abnormalities identified as risk
factors are orthostatic hypotension, carotid sinus hypersensitivity,
abnormal electrocardiogram or echocardiogram finding, history of
fainting, coronary artery disease, and myocardial infarction or heart
failure.29

There are very few data in the literature on ILR monitoring in
patients with unexplained fall (Table 3). While ILR monitoring has
been able to document an episode in a similarly high percentage of

cases in all studies, the results are somewhat contrasting with
regard to the underlying mechanism. In this study, we enrolled
patients who had suffered presumed falls associated to competing
cardiac abnormalities/diagnoses suggesting syncope, or who were
unable to explain the modalityof their fall, thus arousing the suspicion
of a syncopal episode. In 24% of these patients, ILR documentation of
an arrhythmia was obtained. By contrast, in the randomized Safepace
2 study,10 patients with established falls were enrolled on the basis of
the presence of modest cardioinhibitory (mean pause 3.1 s) carotid
sinus hypersensitivity, which prompted the study hypothesis that a
carotid sinus syncope could have been a potential reversible cause
of falling. In the ILR arm, a significant arrhythmia able to explain
T-LOC was documented by ILR only in three patients. No significant
reduction in falls was seen in the pacemaker arm compared with the
ILR arm, thus confirming that the fall was not caused by bradycardia.
Overall, the above studies suggest that patient selection is a crucial
factor in determining the usefulness of ILR in patients with unex-
plained falls.

Limitations
It must be remembered that the ILR can record only ECG traces and
provide information on heart rhythm; it cannot provide any addition-
al information regarding other parameters, such as blood pressure,
oxygen saturation, or brain activity. Consequently, ILR monitoring
was diagnostic only in 15 (26%) patients, in whom a significant
arrhythmia was identified. Four ILRs needed to be implanted in
order to establish a diagnosis of arrhythmic syncope. This figure is
not too much lower than the 35% diagnostic yield provided by ILR
in patients with unexplained syncope.11 However, the diagnostic
yield is likely to be dependent on the criteria used for the selection

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Implantable loop recorder results in suspected epilepsy

Number pts with ILR ILR-documented attack ILR-documented arrhythmias No ILR documentation

Simpson CS6 Na 1 Na NA

Kanjwal K5 Na 3 3 NA

Zaidi2 10 NA 2 (20%) NA

Ho RT7 14 6 (43%) 0 (0%) 8 (57%)

Petkar S8 103 69 (67%) 28 (27%) 34 (33%)

Present study 28 16 (57%) 8 (28%) 12 (43%)

Total 159 91/145 (63%) 38/155 (25%) 54/145 (37%)

NA, not applicable.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Implantable loop recorder results in unexplained falls

Number patients with ILR ILR-documented attack ILR-documented arrhythmias No ILR documentation

Armstrong VL9 6a 3 (50%)a 1 (15%) 3 (50%)

Safepace 210 71 48 (68%) 3 (4%) 23 (32%)

Present study 29 17 (58%) 7 (24%) 12 (41%)

Total 105 68 (65%) 11 (10%) 38 (36%)

aThree patients had isolated fall episodes and three had both syncope and fall episodes; ILR documentation was achieved in these latter cases.
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