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IMPORTANCE Syncope can result from a reduction in cardiac output from serious cardiac

conditions, such as arrhythmias or structural heart disease (cardiac syncope), or other causes,

such as vasovagal syncope or orthostatic hypotension.

OBJECTIVE To perform a systematic review of studies of the accuracy of the clinical

examination for identifying patients with cardiac syncope.

STUDY SELECTION Studies of adults presenting to primary care, emergency departments,

or referred to specialty clinics.

DATA EXTRACTION AND SYNTHESIS Relevant data were abstracted from articles in databases

through April 9, 2019, andmethodologic quality was assessed. Included studies had an

independent comparison to a reference standard.

MAIN OUTCOMES ANDMEASURES Sensitivity, specificity, and likelihood ratios (LRs).

RESULTS Eleven studies of cardiac syncope (N = 4317) were included. Age at first syncope

of at least 35 years was associated with greater likelihood of cardiac syncope (n = 323;

sensitivity, 91% [95% CI, 85%-97%]; specificity, 72% [95% CI, 66%-78%]; LR, 3.3 [95% CI,

2.6-4.1]), while age younger than 35 years was associated with a lower likelihood (LR, 0.13

[95% CI, 0.06-0.25]). A history of atrial fibrillation or flutter (n = 323; sensitivity, 13% [95%

CI, 6%-20%]; specificity, 98% [95% CI, 96%-100%]; LR, 7.3 [95% CI, 2.4-22]), or known

severe structural heart disease (n = 222; range of sensitivity, 35%-51%, range of specificity,

84%-93%; range of LR, 3.3-4.8; 2 studies) were associated with greater likelihood of cardiac

syncope. Symptoms prior to syncope that were associated with lower likelihood of cardiac

syncope weremood change or prodromal preoccupation with details (n = 323; sensitivity, 2%

[95% CI, 0%-5%]; specificity, 76% [95% CI, 71%-81%]; LR, 0.09 [95% CI, 0.02-0.38]),

feeling cold (n = 412; sensitivity, 2% [95% CI, 0%-5%]; specificity, 89% [95% CI, 85%-93%];

LR, 0.16 [95% CI, 0.06-0.64]), or headache (n = 323; sensitivity, 3% [95% CI, 0%-7%];

specificity, 80% [95% CI, 75%-85%]; LR, 0.17 [95% CI, 0.06-0.55]). Cyanosis witnessed

during the episode was associated with higher likelihood of cardiac syncope (n = 323;

sensitivity, 8% [95% CI, 2%-14%]; specificity, 99% [95% CI, 98%-100%]; LR, 6.2 [95% CI,

1.6-24]). Mood changes after syncope (n = 323; sensitivity, 3% [95% CI, 0%-7%]; specificity,

83% [95% CI, 78%-88%]; LR, 0.21 [95% CI, 0.06-0.65]) and inability to remember behavior

prior to syncope (n = 323; sensitivity, 5% [95% CI, 0%-9%]; specificity, 82% [95% CI,

77%-87%]; LR, 0.25, [95% CI, 0.09-0.69]) were associated with lower likelihood of cardiac

syncope. Two studies prospectively validated the accuracy of themultivariable Evaluation

of Guidelines in Syncope Study (EGSYS) score, which is based on 6 clinical variables.

An EGSYS score of less than 3 was associated with lower likelihood of cardiac syncope

(n = 456; range of sensitivity, 89%-91%, range of specificity, 69%-73%; range of LR, 0.12-0.17;

2 studies). Cardiac biomarkers show promising diagnostic accuracy for cardiac syncope,

but diagnostic thresholds require validation.

CONCLUSIONS AND RELEVANCE The clinical examination, including the electrocardiogram as

part of multivariable scores, can accurately identify patients with andwithout cardiac syncope.
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Clinical Scenario

A 70-year-old woman presented to the clinic with her son for ur-

gent assessment of her transient loss of consciousness. There was

no history of episodes of loss of consciousness or cardiac or neuro-

logic disease. Prior to the episode, she was sitting at the table eat-

ing breakfast. She felt nauseated andwarm but did not experience

chest pain, shortness of breath, palpitations, head turning, déjà vu,

or jamais vuprior to theepisode. She lost consciousnessandher son

loweredhertotheground.Heobservedgeneralizedasymmetric limb

twitching for less than 10 seconds. He did not see his mother turn

blue during the loss of consciousness, which lasted for approxi-

mately60seconds.After theepisode, thepatient remembered feel-

ing cold just prior to the loss of consciousness. She was not con-

fused after the loss of consciousness andhadnormalmental status

within5minutes.Her sonpersuadedher tobeevaluatedat theclinic

the day after the episode. On examination, her heart rate was 70/

min and regular and her blood pressurewas 135/85mmHg in both

armswhile sitting and standing. Therewasno trauma to the tongue

and the cardiac and neurologic examination findings were normal.

A 12-lead electrocardiogram (ECG) showed normal sinus rhythm at

80/min,with normal PR interval, QRS duration and axis, andQT in-

terval. Does this patient have cardiac syncope?

Why Is This an Important Question to Answer
With the Clinical Examination?

Syncope is transient lossof consciousnesswith spontaneous recov-

erydue to aglobal reduction in cerebral perfusion. Syncopemaybe

due to serious or benign causes, so accurate diagnosis is essential.

Themostcommoncausesofsyncopearecardiacsyncope, reflexsyn-

cope, and orthostatic hypotension. Transient loss of conscious-

nesswith spontaneous recoverycanalsobedue toseizuresand rare

causes (Box). This review focuses on the accuracy of the clinical ex-

amination for detecting cardiac syncope. Risk assessments of pa-

tients with unexplained syncope in the emergency department,

which predict heterogeneous clinical events rather than identify-

ing a specific diagnosis,3 are not addressed.

TheAnatomic/Physiologic Origins of the Symptoms
and SignsUsed toAnswer This Question

In cardiac syncope, the primary event is amarked reduction in car-

diac output due to cardiopulmonary disease, such as arrhythmia,

structural heart disease, or pulmonary embolism that leads to ce-

rebral hypoperfusion. Theeventmayoccur at rest, in the supinepo-

sition,orduringeffortwhenthepatient isunable to increase thecar-

diac output to meet the increased demand. Cardiac syncope may

beprecededby chest pain, shortness of breath, or palpitations. Pa-

tientsmay havewitnessed cyanosis during unconsciousness. After

awakening, patientsmayhavepersistent cardiac symptoms, abnor-

malities in heart rate or rhythm, abnormal cardiac physical exami-

nation findings, an abnormal electrocardiogram, or abnormal se-

rum troponin or B-type natriuretic peptide levels.

Reflex syncope refers to a centrally mediated reflex reduction

in heart rate, systemic vascular resistance, or both. Vasovagal syn-

cope, the most common form of reflex syncope, is usually initiated

by prolonged sitting or standing, which results in 500 to 800mL of

blood remaining in the distensible veins below the heart. Venous

return, cardiac output, and blood pressure decrease during reflex

syncope. These changes are detected by intracardiac and arterial

baroreceptors, signaling the central nervous system to preserve

cerebral perfusion through reduced vagal tone and increased sym-

pathetic tone. In some patients, the reduction in vagal tone and

increase in sympathetic tone are exaggerated, leading to excessive

increases in heart rate and myocardial contractility against a rela-

tively underfilled ventricle. Intracardiac baroreceptors become

paradoxically overstimulated, leading to a second centrally medi-

ated reflex characterized by an increased vagal tone and reduced

sympathetic tone, reduced heart rate, reduced peripheral vascular

resistance, and a global reduction in cerebral perfusion. Reflex syn-

cope may also be precipitated by afferent central stimuli, such as

pain or the sight of blood during venipuncture; afferent visceral

stimuli, such as a distended stomach or bladder; or pressure on the

carotid sinus baroreceptor, such as from a tight collared shirt while

turning the neck. The efferent vagal component of the reflex leads

to autonomic symptoms, such as headache, sweating, a sense of

cold or warmth, nausea, vomiting, abdominal discomfort, or urge

to defecate (Figure 1).

In syncope due to orthostatic hypotension, the primary disor-

der may be a reduction in venous return, due to conditions such as

volume depletion or gastrointestinal bleeding or a reduction in sys-

temic vascular resistance, caused by medications or disorders of

Box. Causes of Nontraumatic Transient Loss of Consciousness

With Spontaneous Recoverya

Syncope

Cardiac

Orthostatic hypotension

Reflex

Vasovagal

Situational

Carotid sinus hypersensitivity

Seizure

Generalized onset

Motor

Nonmotor

Focal onset with impaired awarenessb

Motor

Nonmotor

Rare Causes

Subclavian steal syndrome

Vertebrobasilar transient ischemic attack

Subarachnoid hemorrhage

a Adapted from Fisher et al1 and Brignole et al.2

b Focal seizures may also progress to bilateral tonic-clonic seizures with

impaired awareness.
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the autonomic nervous system. Patients with orthostatic hypoten-

sion typically experience syncope within 5 minutes of sitting or

standing. The patientmay experience awarning of blurred vision or

lightheadedness prior to loss of consciousness.

Transient lossofconsciousnesswithspontaneous recoverymay

bedue toseizures. Seizuresareaconstellationof symptomsthatoc-

cur because of a transient episode of abnormal excessive or syn-

chronous neuronal activity in the brain.1 There are 2 main types of

seizureonset, focalandgeneralized. In focal seizures,awarenessmay

be preserved or lost. Focal seizures also may be associated with a

variety ofmotor or nonmotor components.Motor features of focal

seizures includeautomatismsor tonic, clonic, or hyperkinetic activ-

ity.Behavioralarrestandcognitive,autonomic,oremotionalchanges

are nonmotor signs of focal seizures. Generalized seizures can also

presentwithmotor andnonmotor features. Themotor features in-

clude tonic-clonic,myoclonic, or other typesofmotor activity.Non-

motor features of generalized seizures include staring spells, drop

attacks, andeyelidmyoclonus.1During the seizure, thepatientmay

appear cyanotic because they are not breathing. The patient’s re-

laxed tonguemaybe injuredby theposterior teethduring tonic con-

traction of the jaw. Although patients with syncope or seizuremay

not recall symptoms just prior to the loss of consciousness, pa-

tients with syncope usually rapidly regain awareness in their envi-

ronment, while patients with seizure may have prolonged confu-

sion (ie, postictal confusion).

Witness accounts of the loss of consciousness are extremely

valuable. Witnesses might report brief asymmetric or symmetric

myoclonic or tonic-clonic movements at the time of loss of con-

sciousness in patientswith syncope. Thesemovements should not

bemistaken for a seizure.4-6 Themovements typically occur at the

timeoforwithin 10 secondsafter the lossof consciousness, butnot

before. The duration ofmovements is usually less than 15 seconds.

When eliciting the history of abnormalmovements fromawitness,

the clinician may avoid diagnostic confusion with seizures by giv-

ing a timed physical demonstration of sustained tonic-clonic activ-

ity indicative of seizures. First responder reports can also provide

important information, includingvital signs,cardiac rhythm,andneu-

rologic status shortly after the episode.

Prevalence

The incidence of syncope in adults is approximately 0.6%per year,

increasing to2%to6%inelderlypatients, andtheprevalenceofsyn-

cope in adults is 18% to 47%.7,8 The cause of transient loss of con-

sciousness for patients presenting to primary care or the emer-

gency department is cardiac syncope in 5% to 21% of cases,

vasovagal syncope in 21% to 48%, orthostatic hypotension in 4%

to 24%, nonsyncopal syndromes (such as psychogenic nonepilep-

tiform events or cataplexy) in 8% to 20%, and unexplained syn-

cope in 17% to 37%.2 Syncope is more common than seizures. The

incidence of seizures is about 0.05% per year and the prevalence

of seizures is about 0.3% to 1.7%.9

Methods

Search Strategy and Study Selection

The MEDLINE, Embase, CINAHL, and Cochrane databases were

searched for articles published from the earliest possible date to

April 9, 2019, using the following Medical Subject Heading terms

and search strategy: “Physical examination or medical history tak-

ing or professional competence or sensitivity and specificity or

reproducibility of results or observer variation or decision support

techniques or Bayes theorem” and “syncope or consciousness

or unconsciousness or seizures.” The terms “consciousness,”

“unconsciousness,” and “seizures” were added to identify poten-

tially relevant articles that were not indexed with the term syn-

cope. The Medical Subject Heading terms were replaced with the

appropriate Emtree terms when Embase was searched, along

with searching for key words related to each Medical Subject

Heading term in the title and abstract. The searches were limited

to articles published in English.

Pairs of investigators (O.T.A., R.J.R., S.S., or E.E.E.) indepen-

dently reviewed all abstracts for English-language studies that in-

cludedat least 10humanparticipants aged 12 years or older. An age

of 12yearsorolderwas includedat this stageof reviewbecausestud-

ies can included a broad range of ages that span from adolescence

to adulthood.

Studieswithavalid referencestandard,10suchascardiologycon-

sultation;noninvasivecardiacevaluation, suchasechocardiography,

Holtermonitoring, loopmonitoring, tilt table testing,or carotid sinus

massage; or invasive cardiac evaluation, such as cardiac catheteriza-

tionor electrophysiologic study,were included. Studies restricted to

patientswith recurrent unexplained syncope, a single defined cause

of syncope, or who had completed invasive cardiac evaluationwere

excluded.The full textarticleofanyabstract thatwasconsideredpo-

tentially relevant by either investigator was obtained. Pairs of inves-

tigators (O.T.A.,R.J.R., S.S., orE.E.E.) independently reapplied the in-

clusioncriteriatothefull textarticles.Additionalarticleswereidentified

by searching the bibliographies of retrieved articles and position pa-

pers of professional organizations.

Assessment ofMethodologic Quality and Data Abstraction

Two important methodologic issues could bias estimates of the ac-

curacy of the clinical examination for detecting cardiac syncope.

First, clinical findings alone are an accepted reference standard for

Figure 1. Stages of Reflex Syncope

Initiation of reflex syncope

Venous blood pooling from prolonged sitting or standing

Central stimuli (eg, pain, sight of blood, emotional stress)

Visceral stimuli (eg, distended stomach or bladder)

Carotid sinus baroreceptor stimulation (eg, pressure on the neck)

Intracardiac baroreceptor stimulation

Efferent response

1

2

Possible autonomic symptoms3

Skin pallor

Sense of cold and warmth

Headache

Diaphoresis

Nausea and vomiting

Abdominal pain

Increased parasympathetic tone

Reduced sympathetic tone

Reduced heart rate

Vasodilation

Global reduction in

blood pressure and 

cerebral perfusion
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vasovagal syncope,2 orthostatic hypotension, and seizures. Clinical

findings that define the reference standardwill have high estimates

of specificity. Second, the reference standard evaluation of syncope

isguidedby resultsof theclinical examination.Patientswitha typical

history for vasovagal syncope, normal cardiac examination findings,

and a normal electrocardiogram, will generally not undergo further

Table 1. Characteristics of Patients in Studies Included in a Review of the Accuracy of Clinical Examinations for Detecting Cardiac Syncope

Finding

No. of Patients
(No. With Cardiac
Syncope) Sensitivity (95% CI) Specificity (95% CI) LR+ (95% CI)a LR− (95% CI)a

Patient Demographics

Atrial fibrillation or flutter17 323 (88) 0.13 (0.06-0.20) 0.98 (0.96-1.0) 7.3 (2.4-22) 0.89 (0.82-0.97)

Severe structural heart disease18,19b 222 (98) 0.35-0.51 0.84-0.93 3.3-4.8 0.58-0.70

History of heart failure18,27b 1633 (299) 0.16-0.41 0.88-0.94 2.7-3.4 0.39-0.78

Age at first syncopal spell >35 y17 323 (88) 0.91 (0.85-0.97) 0.72 (0.66-0.78) 3.3 (2.6-4.1) 0.13 (0.06-0.25)

Precipitating or Predisposing Factors

During effort18,21b 421 (122) 0.12-0.14 0.92-0.99 1.4-15 0.88-0.96

While supine18,21b 421 (122) 0.06-0.14 0.94-0.97 1.1-4.9 0.89-1.0

Prolonged sitting/standing17 323 (88) 0.38 (0.28-0.48) 0.31 (0.25-0.37) 0.54 (0.41-0.72) 2.0 (1.6-2.6)

On way to the toilet17 323 (88) 0.05 (0-0.09) 0.84 (0.79-0.89) 0.28 (0.10-0.76) 1.1 (1.1-1.2)

Stress17 323 (88) 0.08 (0.02-0.14) 0.68 (0.62-0.74) 0.25 (0.12-0.51) 1.4 (1.2-1.5)

Warm place17 323 (88) 0.09 (0.03-0.15) 0.45 (0.39-0.51) 0.17 (0.08-0.33) 2.0 (1.7-2.4)

Pain or medical procedure17 323 (88) 0.06 (0.01-0.11) 0.52 (0.46-0.58) 0.12 (0.05-0.28) 1.8 (1.5-2.1)

After using the toilet17 323 (88) 0 (0-0.03) 0.89 (0.85-0.93) 0.05 (0.003-0.85) 1.1 (1.1-1.2)

Symptoms Prior to the Episode

Dyspnea18,19,21,23 699 (176) 0.18 (0.08-0.36) 0.95 (0.80-0.99) 3.5 (1.5-9.1) 0.87 (0.74-0.94)

Chest pain/angina23,27b 1680 (255) 0.06-0.19 0.95-0.98 3.4-3.8 0.71-0.79

Palpitations17,18,21-23,27 2836 (581) 0.13 (0.09-0.19) 0.93 (0.82-0.98) 1.9 (0.86-4.5) 0.94 (0.89-1.0)

Absence of prodromes18,20-22 1031 (353) 0.43 (0.35-0.51) 0.73 (0.55-0.86) 1.6 (1.0-2.6) 0.79 (0.69-0.96)

Pallor17,23,27 2003(343) 0.22 (0.08-0.48) 0.69 (0.34-0.90) 0.69 (0.58-0.82) 1.2 (1.0-1.4)

Blurred vision17,20-23 1401 (397) 0.16 (0.09-0.28) 0.71 (0.56-0.83) 0.55 (0.27-1.1) 1.2 (0.96-1.5)

Diaphoresis21-23,27 2352 (415) 0.15 (0.10-0.23) 0.69 (0.66-0.71) 0.49 (0.33-0.71) 1.2 (1.1-1.3)

Nausea17,18,21-23,27 2836 (581) 0.11 (0.07-0.18) 0.74 (0.65-0.81) 0.44 (0.31-0.62) 1.1 (1.1-1.3)

Awareness of being about to faint22,23b 620 (150) 0.12-0.38 0.64-0.66 0.35-1.0 0.97-1.3

Sweating or warm feeling17 323 (88) 0.24 (0.15-0.33) 0.38 (0.32-0.44) 0.38 (0.26-0.57) 2.0 (1.6-2.5)

Auditory distortion17 323 (88) 0.14 (0.07-0.21) 0.64 (0.58-0.7) 0.38 (0.22-0.66) 1.3 (1.2-1.5)

Lightheadedness22 412 (116) 0.08 (0.03-0.13) 0.8 (0.75-0.85) 0.38 (0.20-0.75) 1.2 (1.1-1.2)

Numbness or tingling17 323 (88) 0.09 (0.03-0.15) 0.72 (0.66-0.78) 0.33 (0.16-0.66) 1.3 (1.1-1.4)

Abdominal discomfort17,23b 531 (122) 0.029 -0.034 0.84-0.93 0.21-0.39 1.0-1.2

Headache17 323 (88) 0.03 (0-0.07) 0.8 (0.75-0.85) 0.17 (0.06-0.55) 1.2 (1.1-1.3)

Feeling cold22 412 (116) 0.02 (0-0.05) 0.89 (0.85-0.93) 0.16 (0.04-0.64) 1.1 (1.0-1.2)

Mood changes or prodromal
preoccupation with details17

323 (88) 0.02 (0-0.05) 0.76 (0.71-0.81) 0.09 (0.02-0.38) 1.3 (1.2-1.4)

During and After the Episode

Cyanotic during syncope17 323 (88) 0.08 (0.02-0.14) 0.99 (0.98-1.0) 6.2 (1.6-24) 0.93 (0.88-0.99)

Injury19,27b 1533 (241) 0.16-0.25 0.80-0.86 1.13-1.28 0.90-0.98

Numbness or tingling17 323 (88) 0.06 (0.01-0.11) 0.82 (0.77-0.87) 0.31 (0.13-0.76) 1.2 (1.1-1.2)

Nausea17,22b 735 (204) 0.06-0.10 0.65-0.84 0.29-0.38 1.1-1.4

Cannot remember behavior during
syncope17

323 (88) 0.05 (0-0.09) 0.82 (0.77-0.87) 0.25 (0.09-0.69) 1.2 (1.1-1.2)

Mood changes17 323 (88) 0.03 (0-0.07) 0.83 (0.78-0.88) 0.21 (0.06-0.65) 1.2 (1.1-1.2)

Combinations of Findings

Heart disease, abnormal ECG, or both20 198 (115) 0.88 (0.82-0.94) 0.61 (0.51-0.71) 2.3 (1.7-3.0) 0.20 (0.12-0.33)

EGSYS score ≥320,21b 456 (150) 0.89-0.91 0.69-0.73 2.8-3.3 0.12-0.17

Vasovagal score<−217,25b 703 (116) 0.32-0.91 0.81-0.89 1.7-8.6 0.10-0.84

Abbreviations: ECG, electrocardiogram; EGSYS, Evaluation of Guidelines in

Syncope Study; LR, likelihood ratio.

aWhen a finding is present, as the LR+ becomes increasingly greater than 1,

the likelihood of cardiac syncope increases. When a finding is absent, as the

LR− becomes increasingly less than 1, the likelihood of cardiac syncope

decreases. When a finding is present and the LR− becomes increasingly

greater than 1, the likelihood of noncardiac syncope increases.

bSensitivity, specificity, and LRs are reported as ranges.
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testing.Thisraisesthepotential formisclassificationbias,11whichcould

lead to overestimates of sensitivity and specificity.

Pairs of investigators (O.T.A., R.J.R., S.S., or E.E.E.) indepen-

dentlycompletedqualitativemethodological reviewsusingtheQual-

ity Assessment of Diagnostic Accuracy Studies tool12 and resolved

anydisagreementsbyconsensus.A third investigator (S.S. orE.E.E.)

independently performedaqualitativemethodologic reviewwhen

consensus could not be reached. The level of evidence was as-

signed by adapting the grading system developed for the Rational

Clinical Examination series.13Level 1 studieswereprospective stud-

iesof at least 100consecutivepatientswhounderwentan indepen-

dent comparison to a reference standard evaluation. Level 2 stud-

ies were similar to level 1 studies but with fewer than 100 patients.

Level 3 studies were comparisons of patients to a reference stan-

dard thatotherwisedidnotmeet criteria for level 1 or2 studies, such

as retrospectivestudies, studiesofnonconsecutivepatients,or stud-

ies inwhich the independencebetween the test and referencestan-

dard could be inferred, but not confirmed, from the study meth-

ods. Studies below level 3 evidence were excluded. Pairs of

investigators (O.T.A., R.J.R., S.S., or E.E.E.) independently ab-

stracteddataandresolvedanydisagreementsaboutabstracteddata

through discussion. A third investigator (S.S., E.E.E., or D.S.) inde-

pendentlyabstracteddatawhenanagreementcouldnotbereached.

Authors of published studies were contacted for methodologic in-

formation or additional data when necessary.

Analysis

Thesensitivity andspecificityCIswereestimatedusingexactmeth-

ods if cells had zero values.14 If there were values of zero in the 2 ×

2 matrix, 0.5 was added to each cell to calculate likelihood ratios.

Findingsevaluated inonly2studiesweresummarizedwiththerange.

Findingsevaluated in3studiesweresummarizedwithunivariate ran-

domeffectsmeasuresbecausebivariatemethodsmaynotworkwith

fewstudiesorsmall cell values.15Findingsevaluated inat least4stud-

ies were analyzed using bivariate random effects measures, which

accounts for theheterogeneitybetweenstudies.16Wedidnotweigh

for quality measures.

Results

After screening 11 460 abstracts and reviewing 552 full-text ar-

ticles, 540full-text articleswereexcludedbecause thestudydidnot

meet inclusion criteria after full-text review (n = 448), was below

level 3 evidence (n = 75), didnot evaluate anyelements of the clini-

cal examination (n = 13), orwasaduplicatepublication (n = 4) (eFig-

ure in the Supplement). Of the remaining 12 studies, 11 addressed

thequestionof cardiac syncopeorother causesof syncopeand 1ad-

dressed the question of seizure or syncope.

Did This Patient Have Cardiac Syncope?

Among 11 studies that included4317 total patients,17-276studiesen-

rolled patients with syncope presenting to emergency depart-

ments, 3 enrolled patients admitted to hospitals for evaluation of

syncope,and2enrolled inpatientsandoutpatients referredforevalu-

ationof syncope. Inmost studies, the clinical examinationwas com-

pletedbystudypersonnelor trainedexpertphysicians. In thesestud-

ies, 9% to 58%of patients had a final diagnosis of cardiac syncope

and3%to37%remainedundiagnosedafterextensiveworkup.Four

studies were graded as level 1, 2 were graded level 2, and the re-

maining 5were graded level 3. Nine studieswere prospective, all of

whichenrolledconsecutiveparticipants. Sevenstudiesexplicitlyde-

scribed independence between the index clinical examination and

the reference standard assessment. Most studies did not explicitly

ensure that the index clinical examination was independent of the

reference standard assessment (Table 1 and Table 2; eTables 1-3 in

the Supplement).

Patient Demographics

Ageat first syncopeof 35yearsorolderwasassociatedwithgreater

likelihoodofcardiacsyncope(n = 323;sensitivity,91%[95%CI,85%-

97%]; specificity, 72%[95%CI,66%-78%]; likelihood ratio [LR], 3.3

[95%CI,2.6-4.1]),whileage35yearsoryoungerwasassociatedwith

lower likelihood of cardiac syncope (LR, 0.13 [95%CI, 0.06-0.25]).

Ahistoryofatrial fibrillationor flutter (n = 323; sensitivity, 13%[95%

CI, 6%-20%]; specificity, 98% [95%CI, 96%-100%]; LR, 7.3 [95%

CI, 2.4-22]), heart failure (n = 1633; range of sensitivity, 16%-41%;

range of specificity, 88%-94% ; range of LR, 2.7-3.4; 2 studies), or

known severe structural heart disease (n = 222; range of sensitiv-

ity, 35%-51%; range of specificity, 84%-93%; range of LR, 3.3-4.8;

2 studies) were associated with greater likelihood of cardiac syn-

cope (Table 1; eTable 4 in the Supplement).

Precipitating and Predisposing Factors

Predisposing and precipitating factors that were associated with

lower likelihood of cardiac syncopewere pain ormedical procedure

prior to syncope (n = 323; sensitivity, 6% [95% CI, 1%-11%]; speci-

ficity, 52% [95% CI, 46%-58%]; LR, 0.12 [95% CI, 0.05-0.28])

Table 2. The Evaluation of Guidelines in Syncope Study (EGSYS) Scoresa,b

Clinical Variable Points

Palpitations 4

Abnormal ECG/heart diseasec,d 3

Effort syncope 3

Syncope in supine position 2

Neurovegetative prodromese −1

Precipitating and predisposive factorsf −1

Abbreviation: ECG, electrocardiogram

a Adapted from Kariman et al20 and Del Rosso et al.21

bA total score of 3 or more implies an increased risk of cardiac syncope.

c Abnormal ECGwas defined as any of the following: bradycardia less than

40/min, repetitive sinoatrial blocks, sinus pauses greater than 3 seconds,

ST changes >1 mm elevation or depression, QT prolongation �440ms or

more, ventricular tachycardia, atrioventricular block (mobitz 2, second or third

degree atrioventricular block, alternating left and right bundle branch block,

sick sinus syndrome, ventricular and rapid paroxysmal supraventricular

arrhythmias, or sinus pauses and pacemaker malfunction.

dHeart disease was defined as congestive heart failure or any form of structural

heart disease, including ischemic disease, valvular dysfunction,

cardiomyopathy, and congenital heart disease.

eNeurovegetative prodromes: nausea, vomiting, abdominal discomfort, feeling

of cold, sweating, aura, pain in neck or shoulders, blurred vision, and dizziness.

f Precipitating and predisposive factors: position (supine, sitting or standing);

activity (rest, change in posture, during or after exercise, during or

immediately after urination, defaecation, cough or swallowing); predisposing

factors (eg, crowded or warm places, prolonged standing, postprandial

period); and precipitating events (eg, fear, intense pain, neck movements).
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or syncope in a warm place (n = 323; sensitivity, 9% [95% CI,

3%-15%]; specificity, 45% [95% CI, 39%-51%]; LR, 0.17 [95% CI,

0.08-0.33]). Syncope after using the toilet was associated with

a lower likelihood of cardiac syncope, but the CIs were wide (LR,

0.05 [95% CI, 0.003-0.85]). There were inconsistent results for

syncope during effort and syncope while supine (Table 1; eTable 5

in the Supplement).

Symptoms Prior to Syncope

Dyspnea prior to syncope (n = 699; sensitivity, 18% [95% CI, 8%-

36%]; specificity, 95% [95% CI, 80%-99%]; LR, 3.5 [95% CI, 1.5-

9.1]) and chest pain prior to syncope (n = 1680; rangeof sensitivity,

6%-19%; rangeof specificity,95%-98%; rangeofLR,3.4-3.8;2stud-

ies)wereassociatedwithhigher likelihoodofcardiac syncope.There

were inconsistent results for palpitations prior to syncope. Symp-

tomsprior to syncope thatwere associatedwith lower likelihoodof

cardiac syncope were mood change or prodromal preoccupation

with details (n = 323; sensitivity, 2% [95% CI, 0%-5%]; specificity,

76%[95%CI,71%-81%];LR,0.09[95%CI,0.02-0.38]), feelingcold

(n = 412; sensitivity, 2% [95% CI, 0%-5%]; specificity, 89% [95%

CI, 85%-93%]; LR, 0.16 [95% CI, 0.06-0.64]), headache (n = 323;

sensitivity, 3% [95% CI, 0%-7%]; specificity, 80% [95% CI, 75%-

85%], LR, 0.17 [95% CI, 0.06-0.55]), or abdominal discomfort

(n = 531; rangeof sensitivity, 2.9%-3.4%; rangeof specificity, 84%-

93%; range of LR, 0.21-0.39; 2 studies). Pallor and absent pro-

drome were not associated with higher or lower likelihood of car-

diac syncope (Table 1; eTable 6 in the Supplement).

Symptoms and Signs During and After Syncope

Cyanosis witnessed during the episodewas associatedwith higher

likelihoodof cardiac syncope (n = 323; sensitivity, 8%[95%CI, 2%-

14%]; specificity, 99% [95% CI, 98%-100%]; LR, 6.2 [95% CI, 1.6-

24]).Moodchangesafter syncope (n = 323; sensitivity, 3%[95%CI,

0%-7%]; specificity, 83% [95% CI, 78%-88%]; LR, 0.21 [95% CI,

0.06-0.65]) and inability to remember behavior prior to syncope

(n = 323; sensitivity, 5% [95% CI, 0%-9%]; specificity, 82% [95%

CI, 77%-87%]; LR,0.25 [95%CI,0.09-0.69])were associatedwith

lower likelihood of cardiac syncope (Table 1; eTables 7 and 8 in the

Supplement). Injury after syncope was not associated with higher

or lower likelihood of cardiac syncope.

Combinations of Findings

Cardiac syncope was less likely if there was no history of heart dis-

ease and a normal ECG (n = 198; sensitivity, 88% [95% CI, 82%-

94%]; specificity, 61% [95% CI, 51%-71%]; LR, 0.20 [95% CI, 0.12-

0.33]). Two studies prospectively validated the accuracy of the

multivariable Evaluation of Guidelines in Syncope Study (EGSYS)

score (range, −2 to 12;higher scores indicatehigher likelihoodof car-

diac syncope), which is based on 6 clinical variables (Table 1 and

Table2; eTable9 in theSupplement)AnEGSYSscore less than3was

associatedwith lower likelihoodof cardiac syncope (n = 456; range

of sensitivity,89%-91%; rangeof specificity,69%-73%; rangeofLR,

0.12-0.17; 2 studies).

One level 3 study (n = 323) retrospectively validated the mul-

tivariable vasovagal score (Table 1). The vasovagal score assigns

Table 3. Cardiac Biomarkers of Patients in Studies Included in a Review of the Accuracy of Clinical Examinations for Detecting Cardiac Syncope

Finding
No. With Cardiac
Syncope Sensitivity (95% CI) Specificity (95% CI) LR+ (95% CI) LR− (95% CI)

High-sensitivity cardiac troponin T >14 ng/L24 360 (80) 0.74 (0.64-0.84) 0.68 (0.63-0.73) 2.3 (1.9-2.9) 0.39 (0.26-0.56)

High-sensitivity cardiac troponin T 27 1338 (221) NAb NAb NAb

>42 pg/mL 5.1 (3.6-7.1)

5-42 pg/mL 1.0 (0.91-1.1)

<5 pg/mL 0.15
(0.08-0.31)

High-sensitivity cardiac troponin I27 1338 (221) NAb NAb NAb

>31.3 pg/mL 5.4 (3.9-7.6)

2.2-31.3 pg/mL 0.96 (0.87-1.1)

<2.2 pg/mL 0.18
(0.10-0.35)

NT-proBNP above upper limit normal18,19a 222 (98) 0.90-0.90 0.49-0.52 1.8-1.9 0.20-0.21

NT-proBNP ≥210.5 pg/ml26 100 (50) 0.94 (0.9 -1.0) 0.98 (0.94-1.0) 47 (6.7-328) 0.06 (0.02-0.18)

NT-proBNP27 1338 (221) NAb NAb NAb

>1966 pg/mL 5.8 (4.2-8.1)

69-1966 pg/mL 1.1 (1.0-1.2)

<69 pg/mL 0.16
(0.09-0.28)

BNP27 1338 (221) NAb NAb NAb

>302 pg/mL 6.3 (4.6-8.8)

15-302 pg/mL 0.91 (0.82-1.0)

<15 pg/mL 0.20
(0.11-0.40)

Abbreviations: BNP, B-type natriuretic peptide; LR, likelihood ratio; NT-proBNP,

N-terminal pro–B-type natriuretic peptide; NA, not applicable.
a Upper limit of normal >156 pg/mL18and �164 pg/mL.19 Sensitivity, specificity,

and LRs are reported as ranges.

bFor ordinal results with 3 or more levels, sensitivity and specificity no longer

apply. The serial LRs are shown for each threshold.
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points to 7 clinical variables (score range, −14 to 6; a lower score in-

dicates a higher likelihood of cardiac syncope): (1) history of bifas-

cicular block, asystole, supraventricular tachycardia, and/or diabe-

tes (−5 points); (2) blue in the face, as noted by bystanders (−4

points); (3) 35yearsof ageorolder (−3points); (4)memoryofbeing

unconscious (−2points); (5) lightheaded spells or faintingwithpro-

longed sitting or standing (+1 point); (6) sweating or feeling warm

before fainting (+2points); and (7) lightheadedspellsor faintingwith

pain or in medical settings (+3 points). A vasovagal score less than

−2 was associated with a lower likelihood of cardiac syncope (sen-

sitivity, 91% [95% CI, 85%-97%]; specificity, 89% [95% CI, 85%-

93%]; LR for a vasovagal score <−2, 8.6 [95% CI, 5.9-13]), whereas

cardiac syncope was unlikely with a vasovagal score of at least −2

(LR for a vasovagal score�−2, 0.10 [95%CI, 0.05-0.20]). A subse-

quent level 3 study25 of patients with vasovagal syncope and car-

diac syncope found that a vasovagal score of less than −2was asso-

ciatedwith a slightly higher likelihood of cardiac syncope (n = 265;

sensitivity, 32%[95%CI, 15%-49%]; specificity, 81%[95%CI, 77%-

85%]; LR for avasovagal score<−2, 1.7 [95%CI,0.95-3.0]),whereas

a vasovagal scoreof at least −2wasnot associatedwith adifference

in the likelihood of cardiac syncope (LR for a vasovagal score �−2,

0.84 [95% CI, 0.65-1.1]).

Biomarkers

A high-sensitivity cardiac troponin T (Roche assay) greater than or

equal to 42ng/Lwas required to achieveapredefined specificity of

95%forcardiac syncope (LR,5.1 [95%CI, 3.6-7.1]),whereasa thresh-

old of greater than or equal to 31.3 ng/L was required for the high-

sensitivity cardiac troponin I (Abbott assay) to achieve a specificity

of95%(LR,5.4 [95%CI, 3.9-7.6]).27Apredefinedsensitivityof95%

to ruleout cardiac syncopewasachievedwithahigh-sensitivity car-

diac troponin T less than 5 ng/L (LR, 0.15 [95% CI, 0.08-0.31]) or a

high-sensitivity cardiac troponin I less than 2.2 ng/L (LR,0.18 [95%

CI, 0.10-0.35]).27 An N-terminal pro–B-type natriuretic peptide

(NT-proBNP) level greater than 1966 pg/mL (LR, 5.8 [95% CI, 4.2-

8.1])was required toachieveapredefined specificity of95%for rul-

ing in cardiac syncope.27 An elevated NT-proBNP (thresholds of

>156 pg/mL19; �164 pg/mL20; and �210.5 pg/mL26) was associ-

atedwithahigher likelihoodof cardiac syncope,butwithwidevaria-

tions between studies (range of sensitivity, 90%-94%; range of

specificity, 49%-98%; range of LR, 1.8-47). A predefined sensitiv-

ity of 95% to rule out cardiac syncope was achieved with an

NT-proBNP less than 69 pg/L (LR, 0.16 [95% CI, 0.09-0.28]).26 A

normal NT-pro-BNP (thresholds of �156 pg/mL19; <164 pg/mL20;

and<210.5pg/mL27)wasassociatedwitha lower likelihoodofcardiac

Table 4. Distinguishing Seizure From Syncopea

Finding

LR (95% CI)

When Finding Is Present When Finding Is Absent

Seizure Syncope Seizure Syncope

Symptoms28

Head turning 14 (8.2-23) 0.07 (0.04-0.12) 0.59 (0.50-0.70) 1.7 (1.4-2.0)

Unusual posturing 13 (7.6-24) 0.08 (0.04-0.13) 0.67 (0.58-0.77) 1.5 (1.3-1.7)

Bedwetting 6.7 (3.8-12) 0.15 (0.08-0.26) 0.79 (0.71-0.88) 1.3 (1.1-1.4)

Blue color observed by bystanders 5.8 (3.7-8.9) 0.17 (0.11-0.27) 0.72 (0.63-0.82) 1.4 (1.2-1.6)

Limb jerking noted by others 5.6 (4.3-7.2) 0.18 (0.14-0.23) 0.36 (0.27-0.48) 2.8 (2.1-3.7)

Prodromal trembling 4.9 (3.2-7.7) 0.2 (0.13-0.31) 0.75 (0.66-0.85) 1.3 (1.2-1.5)

Prodromal preoccupation 4.5 (1.8-11) 0.22 (0.09-0.56) 0.94 (0.89-0.99) 1.1 (1.0-1.1)

Prodromal hallucinations 4.5 (1.8-11) 0.22 (0.09-0.56) 0.94 (0.89-0.99) 1.1 (1.0-1.1)

Any presyncope 0.27 (0.19-0.39) 3.7 (2.6-5.3) 5.6 (4.4-7) 0.18 (0.14-0.23)

Warmth before a spell 0.23 (0.12-0.46) 4.3 (2.2-8.3) 1.4 (1.3-1.5) 0.71 (0.67-0.77)

Any chest pain 0.22 (0.12-0.39) 4.5 (2.6-8.3) 1.7 (1.5-1.8) 0.59 (0.56-0.67)

Nausea before a spell 0.21 (0.1-0.47) 4.8 (2.1-10) 1.3 (1.2-1.4) 0.77 (0.71-0.83)

Remembered loss of consciousness 0.21 (0.12-0.35) 4.8 (2.9-8.3) 2.1 (1.8-2.3) 0.48 (0.43-0.56)

Presyncope with prolonged sitting/standing 0.18 (0.08-0.4) 5.6 (2.5-13) 1.4 (1.3-1.5) 0.71 (0.67-0.77)

Diaphoresis before a spell 0.17 (0.08-0.37) 5.9 (2.7-13) 1.4 (1.3-1.6) 0.71 (0.63-0.77)

Chest pain before a spell 0.15 (0.04-0.61) 6.7 (1.6-25) 1.1 (1.1-1.2) 0.91 (0.83-0.91)

Palpitations before loss of consciousness 0.12 (0.04-0.31) 8.3 (3.2-25) 1.5 (1.4-1.6) 0.67 (0.63-0.71)

Dyspnea before loss of consciousness 0.08 (0.02-0.33) 13 (3.0-50) 1.3 (1.2-1.4) 0.77 (0.71-0.83)

Loss of consciousness with prolonged
sitting/standing

0.05 (0.01-0.19) 20 (5.3-100) 1.6 (1.5-1.7) 0.63 (0.59-0.67)

Coronary heart disease 0.08 (0.02-0.31) 13 (3.2-50) 1.3 (1.2-1.4) 0.77 (0.71-0.83)

Signs28

Cut tongue 17 (9.9-29) 0.06 (0.03-0.10) 0.56 (0.47-0.67) 1.8 (1.5-2.1)

Behaviors not recalled 4 (3-5.3) 0.25 (0.19-0.33) 0.54 (0.44-0.67) 1.8 (1.5-2.3)

Abbreviation: LR, likelihood ratio.

a Adapted from Sheldon et al.28
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syncope (rangeof LR,0.06-0.21). About36%ofpatientshadause-

ful NT-proBNP result that was either above the predefined thresh-

old for “ruling in” or below thepredefined threshold for “ruling out”

cardiac syncope (Table 3; eTable 10 in the Supplement).27

Differentiating Syncope From Seizure

One level 3 study28 (prevalenceofdefinite seizure, 15%;n = 671pa-

tients) reported thediagnostic accuracy of symptoms and signs for

differentiating seizure from syncope (Table 4). The most useful

symptoms (reportedby thepatient or awitness) for identifyingpa-

tientswith seizureswere head turningduring the event (sensitivity

for seizure, 43% [95% CI, 33%-53%]; specificity for seizure, 97%

[95% CI, 95%-98%]; LR for seizure, 14 [95% CI, 8.2-23]), unusual

posturing during the event (sensitivity for seizure, 35% [95% CI,

26%-45%]; specificity for seizure,97%[95%CI,96%-99%]; LR for

seizure, 13 [95%CI, 7.6-24]), urinary incontinence (sensitivity for sei-

zure, 24%[95%CI, 15%-32%]; specificity for seizure,96%[95%CI,

95%-98%]; LR for seizure, 6.7 [95% CI, 3.8-12]), and the absence

of presyncope (sensitivity for seizure, 77% [95% CI, 68%-85%];

specificity for seizure, 86%[95%CI, 83%-89%]; LR for seizure, 5.6

[95% CI, 4.4-7]). The most useful findings evaluated by the physi-

cian for identifyingpatientswith seizureswere thepresenceof a cut

tongue (sensitivity for seizure, 45% [95% CI, 35%-55%]; specific-

ity for seizure, 97%[95%CI, 96%-99%]; LR for seizure, 17 [95%CI,

9.9-29]) and the patient having no recall of unusual behaviors be-

fore the loss of consciousness (sensitivity for seizure, 53%[95%CI,

43%-63%]; specificity for seizure,87%[95%CI,84%-90%]; LR for

seizure, 4.0 [95% CI, 3.0-5.3]).

The most useful symptoms (reported by the patient or a wit-

ness) for identifying patients with syncopewere loss of conscious-

nesswithprolongedsittingorstanding (sensitivity for syncope,40%

[95% CI, 36%-44%]; specificity for syncope, 98% [95% CI, 95%-

100%]; LR for syncope, 20 [95%CI, 5.3-100]), dyspneabefore loss

of consciousness (sensitivity for syncope, 24% [95% CI, 20%-

27%]; specificity for syncope,98%[95%CI,95%-100%];LRfor syn-

cope, 13 [95%CI,3.0-50]), andpalpitationsbefore lossofconscious-

ness (sensitivity for syncope, 34% [95%CI, 30%-38%]; specificity

for syncope, 96% [95%CI, 92%-100%]; LR for syncope, 8.3 [95%

CI, 3.2-25]). Thepresenceof coronaryheart diseasewas associated

with a higher likelihoodof cardiac syncope (sensitivity for syncope,

25% [95% CI, 22%-29%]; specificity for syncope, 98% [95% CI,

95%-100%]; LR for syncope, 13 [95% CI, 3.2-50]) (Table 5).

Combinations of Findings for Seizures vs Syncope

In thesame level 3 study,28 theauthorsdevelopedand testedaclini-

cal prediction rule in a population of patients referred to a specialty

clinic; 102 patients (15%) had seizures and 437 patients (65%) had

Table 5. Clinical Prediction Rule for Distinguishing Seizure vs Syncopea,b

Symptom Points

Waking with cut tongue 2

Abnormal behavior notedc 1

Loss of consciousness with emotional stress 1

Postictal confusion 1

Head turning to one side during loss of consciousness 1

Prodromal deja vu or jamais vu 1

Any presyncope −2

Loss of consciousness with prolonged standing or sitting −2

Diaphoresis before a spell −2

a Adapted from Sheldon et al.28

bA score �1 suggests seizure and a score <1 suggests syncope.

c Witnessed amnesia, unresponsiveness, unusual posturing, and/or limb jerking.

Figure2.Approach toDeterminingWhether aPatientHasCardiac Syncope

Evaluation of Guidelines in Syncope Study (EGSYS) score of 3 or morea

Vasovagal score (VVS) of less than -2b

Onset at age >35 years

Known structural heart disease, atrial fibrillation/flutter, 

hypertension, or heart failure

Chest discomfort and dyspnea

Cyanosis witnessed during unconsciousness

Abnormal electrocardiogramc

Presence of features that suggest cardiac syncope1

EGSYS score less than 3

VVS score of -2 or more

Presence of features that suggest reflex syncope2

No Yes
Assess for orthostatic hypotension, manage as reflex 

syncope, and consider carotid sinus hypersensitivity

Multivariable seizure score of 1 or more

Head turning during event

Unusual posturing prior to event

Urinary incontinence

Cut tongue

Patient unable to recall behaviors prior to event

Presence of features that suggest seizure3

Assess for orthostatic hypotension, rarer causes of syncope, and 

mimicking syndromes and refer for consultation with syncope specialist

Palpitations

Patient is male

Patient has had 2 or fewer syncope episodes

Family history of sudden cardiac death, syncope, or drowning

Known congenital heart disease

Abnormal cardiac examination

Head rotation or neck pressure prior to event

Cough or sneeze prior to event

Normal electrocardiogram and cardiac examination

No Yes

Yes
Assess for orthostatic hypotension 

and manage as possible seizure
No

Assess for orthostatic hypotension 

and manage as possible cardiac syncope

Features derived from recent guidelines

Features derived from recent guidelines

This approach integrates themain findings of this reviewwith the

recommendations of the European Society of Cardiology and American College

of Cardiology/American Heart Association guidelines.2,29

The approach outlined has not been evaluated or validated in rigorous studies.

a See Table 2 for an explanation of EGSYS.

bSee Table 3 for an explanation of VVS.

c An abnormal electrocardiogram is defined in Table 2 and the Supplement.
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syncopewithanestablishedcause.Theremaining132patients (20%)

withsyncopeofuncertaincausewerenot included in theclinicalpre-

diction rule development and testing. The patients with seizures

were limitedtopatientswithelectroencephalographicevidencethat

supportedthediagnosisof seizures. In this study, somepatientswith

seizures and normal interictal electroencephalograms would have

beenmisclassified as having syncope, whichmay lead to an under-

estimateofaccuracyof theclinicalpredictionrule,especially theposi-

tive likelihood ratio for ruling in seizure. Theauthorsused logistic re-

gression to identify 9 independently useful findings for detecting

patients with seizures, and developed a simplified scoring system

(range, −6 to 7; a lower score indicates a higher likelihood of car-

diac syncope) (Table5).Withascoreofat least 1, themodelwas94%

sensitive and 94% specific (LR for score �1 for seizures, 16; LR for

score <1 for syncope, 16; CIs cannotbederived frommodeleddata).

The study population in which the model was developed showed

a 15% prevalence of seizure, meaning that a score of at least 1

hadapositivepredictivevalueof74%for seizure;witha65%preva-

lence of established syncope, a score less than 1 had a positive pre-

dictive value of 97% for syncope.

Discussion

This review of 11 studies involving patients with suspected cardiac

syncope suggests that the clinical examination canaccurately iden-

tify patients with cardiac syncope. Multivariable clinical prediction

rules are an attractive option because no single variable will accu-

rately diagnose syncope (or seizure). Two level 3 studies involving

a total of 456patients evaluated themultivariableEGSYS score and

showed some promise for excluding the diagnosis of cardiac syn-

cope.Misclassificationbiasandothermethodologic limitationscould

bias toward overly optimistic negative likelihood ratios, so clini-

cians should not use these clinical predictions alone to rule out car-

diac syncope. The vasovagal score (Calgary score) showedpromise

in its initial study,17 butwas not validated in a subsequent indepen-

dent level 3 study.26 Some classically taught findings lack accuracy

(despite themethodologic limitations thatwould inflate accuracy),

suchaspalpitations, diaphoresis, absenceofprodromes,blurredvi-

sion or pallor prior to syncope, and injury after syncope.

The main findings of this review are consistent with existing

European Society of Cardiology and American College of

Cardiology/American Heart Association guidelines.2,29 Figure 2

integrates the main findings of this review with the recommenda-

tions of these 2 guidelines, leaving out biomarkers until the data

are replicated and validated. Both guidelines indicate that cardiac

markers, such as NT-proBNP and troponin, should not be rou-

tinely used but may be useful in select patients. Clinicians may be

asked to evaluate patients after syncope in the emergency

department, where biomarkers are obtained as part of patient

assessment. These markers can have thresholds set so that they

accurately identify patients with and without cardiac syncope,

although about 65% of patients will have nondiagnostic interme-

diate values.27 Application of the sensitivity and specificity of bio-

markers for cardiac syncope requires an understanding of the

assay used by each laboratory and prospectively collected data

from additional populations of patients with syncope. However,

the approach outlined in Figure 2 has not been evaluated or vali-

dated in rigorous studies.

This review has several limitations. Misclassification bias may

have increased the estimates of sensitivity and specificity in some

of the studies. Patients with unexplained syncope were excluded

fromsomeof the studies,whichmayhave increased the sensitivity

andspecificity estimates.Mostof the studiesused structuredques-

tionnaires, trained researchers,orexpert clinicians for theclinical ex-

amination, so diagnostic accuracy by less-trained clinicians is not

known.About 13%ofpatients in the studies reviewedhada final di-

agnosis of unexplained syncope, highlighting the clinical challenge

of establishing a final diagnosis of transient loss of consciousness

when ECG findings and other critical data are not always available.

Scenario Resolution

Thepatient’s clinical assessment revealedno features that raised the

likelihoodof cardiac syncopeandmany features that suggested that

reflex syncopewasmore likely. In addition, her EGSYS score was –1

(rangeof LR,0.12-0.17) andher vasovagal scorewas –1 (rangeof LR,

0.10-0.84), both ofwhichmade cardiac syncope less likely. Thepa-

tient’smultivariable score for seizurewas –4,making syncopemore

likely (LR for score <1 for syncope, 16). Therewas no evidence of or-

thostatic hypotension, so reflex syncope was the most likely diag-

nosis. The physician advised the patient that if she had future simi-

lareventswithwarningsymptoms,sheshould immediately liedown,

elevateher legs in aneffort to avoid lossof consciousness, and seek

medical attention.
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eTable1. Description of Included Studies  
 
 

Study LOE Pros
pecti
ve 

Conse
cutive 

N  Patients and 
Setting 

Index Test Reference Standard Reference Standard Diagnoses 

Sheldo
n 
20061 

3 Yes Yes 418 Patients with one or 
more loss of 
consciousness 
referred to specialty 
clinics and hospital 
cardiology wards in 
Canada and Wales 

Syncope 
symptom 
questionnaire 
completed by 
patients and 
double 
checked for 
completion 
by study 
coordinators 

Documented arrhythmia at time of 
syncope or shortly afterwards, or 
during electrophysiologic study 
Documented structural heart 
disease (aortic stenosis or 
pulmonary embolism) 
Tilt Table Test diagnostic of 
vasovagal syncope or orthostatic 
hypotension 

21%  ‘secondary syncope” mostly due to 
documented arrhythmia; this category  
included 2% with cough syncope, 
autonomic failure,  or hypersensitive 
carotid sinus syndrome 
 
56%  had positive tilt tablet test 
diagnostic of reflex/vasovagal syncope   
 
23% unknown excluded from analysis 
 

Pfister 
20122 

1 Yes Yes 161 Patients with main 
diagnosis of 
syncope admitted to 
a cardiology service 
in Cologne Germany 

NT-pro-BNP Specific testing was initiated by the 
treating physician guided by the 
recent recommendation of the 
European Society of Cardiology for 
the evaluation of syncope.   Cause 
of syncope was defined by two 
independent cardiologists. 

48% cardiac syncope  
15% reflex syncope 
10% orthostatic hypotension 
17% unknown 
  9% non syncopal event 
 

Pfister 
20093 

2 Yes Yes 61 Patients with main 
diagnosis of 
syncope admitted to 
an internal medicine 
service in Cologne 
Germany 

NT-pro-BNP Specific testing was initiated by the 
treating physician guided by the 
recent recommendation of the 
European Society of Cardiology for 
the evaluation of syncope. Cause 
of syncope was defined on the 
basis of all test results by two 
independent cardiologists. 
 

33% cardiac syncope 
26% reflex syncope 
15% orthostatic hypotension 
18% unknown 
  5% non syncopal event 
  3% cerebrovascular 
 
 

Karima
n 
20154 

1 Yes Yes 206 Patients  with 
syncope referred 
within 24 hour of 
symptom initiation in 
three emergency 
departments in Iran 

Clinical exam 
by a single 
emergency 
medicine 
resident.  
EKGs 

Final decision on the cause of 
syncope was made based on the 
results of echocardiography, stress 
testing, prolonged Holter ECG 
monitoring, and 
electrophysiological study.  

56% cardiac syncope 
40% non-cardiac  
  4% unknown; excluded from analysis 
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interpreted by 
an 
independent 
cardiologist. 

In cases of normal cardiac 
evaluations, probable neurologic 
causes were ruled out using tilt 
testing, brain imaging, and carotid 
massage 

Del 
Rosso 
20085 

3 Yes Yes 516 Patients presenting 
to an emergency 
department with 
transient loss of 
consciousness 
within 24 hours of 
the episode to 14 
emergency 
departments in Italy 

Trained 
physician 
using 
decision-
making 
software 
based 
on the 
European 
Society of 
Cardiology 
guidelines. 
EKG 
evaluated by 
emergency 
physician and 
study 
cardiologist 

Diagnostic criteria as per the, 
European Society of Cardiology 
2004.  
 

15% cardiac 
67% reflex (neurally mediated) 
10% orthostatic hypotension 
2.5% unexplained 
 

Del 
Rosso 
20056 

3 Uncl
ear 

Yes 485 Patients referred for 
evaluation of 
unexplained 
syncope within the 
previous 2 months 
to 4 syncope units in 
Italy 

Standardized 
clinical 
assessment 
by study 
personnel.   

mechanical cardiac syncope in the 
presence of severe valvular 
stenosis or other outflow 
obstruction; arrhythmic syncope 
diagnosed by electrocardiographic 
findings or ambulatory 
electrocardiographic recording 
electrophysiologic study  

24% cardiac 
61% reflex (neurally mediated) 
2%  orthostatic hypotension 
15% unexplained excluded from the 
analysis 
 
 

Galizia 
20097 

3 No Yes 242 Patients 65 years or 
older admitted for 
syncope to six 
hospitals in Italy 

Structured 
clinical 
history, 
physical 
exam and 
EKG by study 
personnel at 
specialized 
syncope units 

all suspected episodes of cardiac 
syncope were evaluated following 
a standardized cardiovascular 
assessment.  
 

14% cardiac 
72% non cardiac 
10% unknown; excluded  
  5% non syncopal  excluded 
 

Christ 
20158 

1 Yes Yes 360 Patients with 
syncope or 
presyncope 

high 
sensitivity 

Cardiac cause of syncope 
including dysrhythmia or structural 

22% cardiac  
40% reflex 
20% orthostatic hypotension 
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presenting to an 
emergency room in 
Germany. 

cardiac 
troponin T  

disease of the heart based on 
published diagnostic criteria 

17%  unexplained; included in analysis 
 

Romm
e 
20099 
 

3 Yes Yes 430 Patients with 
transient loss of 
consciousness 
presenting to any 
department at an 
Academic medical 
center, excluded 73 
patients with known 
cardiomyopathy, MI 
or seizures 

Calgary 
vasovagal 
score 
variables 
obtained by 
attending 
physicians 

Selected testing as per European 
Society of Cardiology  guidelines, 
plus all patients received 2 year 
follow up review by study 
personnel, with selected  
expert review of  uncertain cases 
(19% of initial cohort) at 2 years 
 

  7% cardiac 
55% vasovagal syncope 
10% other reflex syncope 
12% unknown cause - excluded 
 6%  psychogenic pseudosyncope 
  1% neurologic/ metabolic causes 
 
 

Stryje
wski 
201810 

2 Yes Yes 100 Patients admitted to 
emergency room 
because of syncope 

NT-pro-BNP  All patients had a history, physical, 
EKG, 24 hour EKG, tilt table test 
and echocardiogram.   

50% cardiac  
50% reflex syncope 

Du Fay 
de 
Lavalle
z11 

1 Yes Yes 1338  Patients aged 40 
years or older, and 
presenting to 
emergency with 
syncope within the 
last twelve hours,  

EGSYS 
BNP 
NT pro BNP 
hs cTnT 
hs TnI 

Excluded patients who did not 
have biomarkers measured 
(n=205) and patients where a final 
diagnosis could not be ascertained 
(n=134).  Reference standard 
blinded to BNP but not troponin 
levels.   

reflex (n=588, 39.9%), orthostatic 
(n=403, 27.3%), other non-cardiac 
(n=126, 8.6%) and syncope 
of unknown etiology (n=134, 9.1%). 

Sheldo
n 
200212 

3 Yes Yes 671 
(539 
analyz
ed) 

Patients with loss of 
consciousness 
recruited from 
specialty clinics and 
cardiology wards, 
132 patients with 
unknown cause 
were excluded from 
analysis.   

All patients 
completed a 
structured 
118 item 
questionnaire 

Documented arrhythmia at time of 
syncope or shortly afterwards, or 
during electrophysiologic study 
Documented structural heart 
disease (aortic stenosis or 
pulmonary embolism) 
Tilt Table Test diagnostic of 
vasovagal syncope or orthostatic 
hypotension.  Seizure was only 
diagnosed if there was a 
diagnostic EEG. 

25% cardiac  
40% reflex syncope 
20% syncope, unknown cause – 
excluded  
15% seizure 
 
 

 

LOE- level of evidence. Level 1 studies were prospective studies of at least 100 consecutive patients who underwent an independent 
comparison to a reference standard evaluation.  Level 2 studies were similar to level 1 studies but with fewer than 100 patients.  Level 3 
studies were comparisons of patients to a reference standard that otherwise did not meet criteria for level 1-2 studies, such as 
retrospective studies, studies of non-consecutive patients, or studies where the independence between the test and reference standard 
could be inferred, but not confirmed, from the study methods.   
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eTable 2.  QUADAS Assessments 
 

Study 1.  2.  3.  4.  5.  If incomplete, state 6.  7.  8.  9.  10.  11.  12.  13.  14.  14a.  14b.  Level of 
Evidence  

Sheldon 20061 + + + +/- +/- Only included patients 
with a verified 
diagnosis 
 

+/-
a 

+/- + + +/- +/- + + + + +/- 3 

Pfister 20122 + +/- + + + 
 

+/- +/- + + + + + + + + +/- 1 

Pfister 20093 + +/- + +/- + 
 

+/- + + + + + + + + + - 2 

Kariman 20154 + + + + +/- 198/206 +/- +/- + +/- + + + + + + - 1 

Del Rosso 20085 + + + + +/- 516/541 + - + + +/- +/- + +/- + + +/- 3 

Del Rosso 20056 + +/- + +/- +/- Only report patients 
who had test and 
reference standard 
completed 

+ +/- + + +/- +/- + - - + +/- 3 

Galizia 20097 +/- +/- +/- + +  - +/- + + +/- + + + + + - 3 

Christ 20158 + + + + +/- 360/397 + +/- + + + + + + + + +/- 1 

Romme 20099 + + + + - 380/430 + - + + + +/- + - + + - 3 

Stryjewski 201810 + +/- + + +  + + + + + + + +/- + + + 2 

Du Fay de Lavallez 201911 + + + +/- +  + + + + + + + + + + - 1 

Sheldon 200212 + +/- + +/- - Only included patients 
with a verified 
diagnosis 

+/- +/- + + + - + - - + +/- 3 
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eTable 3 Legend 

QUADAS Questions, with clarifications/adaptations for our study in italics 

1. Was the spectrum of patients representative of the patients who will receive the test in practice? 

a. + = �The spectrum of patients included in this study was representative of those in whom the test will be 

used in practice. The judgement should be based on both the method of recruitment and the 

characteristics of those recruited.� 

b. - = �Studies which recruit a group of healthy controls and a group known to have the target disorder� or 

�the population studied does not fit into what you specified as acceptable� or studies which only 

examine patients with a specific type of syncope 

c. +/- = �Insufficient information available to make a judgement� 

2. Were selection criteria clearly described? 

a. + = �all relevant information regarding how participants were selected for inclusion in the study has 

been provided� 

b. - = �study selection criteria are not clearly reported� 

c. +/- = �not enough information to score this item as +� 

3. Is the reference standard likely to correctly classify the target condition? 

a. + = �reference standard is likely to correctly classify the target condition or is the best method available�  

i. Cardiac evaluation including (but not limited to) carotid sinus massage, holter monitor, loop 

recorder, tilt table testing,  electrophysiologic testing, expert cardiology consultation 

ii. Neurologic evaluation including electroencephalography (EEG), sleep deprived EEG, 

neuroimaging (Ct scan or MRI of brain), expert neurologic consultation 

b. - = �the reference standard was not likely to have correctly classified the target condition� 

c. +/- = �insufficient information to make a judgement� 

4. Is the time period between reference standard and index test short enough to be reasonably sure that the 

target condition did not change between the two tests? 

a. + = Less than or equal to 30 days between reference standard and index test 

b. - = �the time period between the performance of the index test and the reference standard was 

sufficiently long that disease status may have changed between the performance of the two tests� >= 30 

days 

c. +/- = �insufficient information is provided� 

5. Did the whole sample or a random selection of the sample, receive verification using a reference standard of 

diagnosis? 

a. + = �all patients, or a random selection of patients, who received the index test went on to receive 

verification of their disease status using a reference standard� 

i. 100% 

b. - = �some of the patients who received the index test did not receive verification of their true disease 

state, and the selection of patients to receive the reference standard was not random� 

c. +/- = �information is not reported by the study� 

6. Did patients receive the same reference standard regardless of the index test result? 

a. + = �it is clear patients received verification of their true disease status using the same reference 

standard� 

b. - = �some patients received verification using a different reference standard� 

c. +/- = �information is not reported by the study� 
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7. Was the reference standard independent of the index test (i.e. the index test did not form part of the reference 

standard)? 

a. + = �it is clear from the study that the index test did not form part of the reference standard then this 

item� 

b. - = �appears the index test formed part of the reference standard� 

c. +/- = �information is not reported by the study� 

8. Was the execution of the index test described in sufficient detail to permit replication of the test? 

a. + = �sufficient details or citations to permit replication of the index test� 

b. - = �other cases� 

c. +/- = �details of test performance are partially reported and you feel that you don�t have enough 

information to score this item� 

9. Was the execution of the reference standard described in sufficient detail to permit its replication? 

a. + = �sufficient details or citations to permit replication of the reference standard� 

b. - = �other cases� 

c. +/- = �details of test performance are partially reported and you feel that you do not have enough 

information to score this item� 

10. Were the index test results interpreted without knowledge of the results of the reference standard? 

a. + = �study clearly states that the test results (index or reference standard) were interpreted blind to the 

results of the other test� 

b. - = �this does not appear to be the case� 

c. +/- = �this information is not reported by the study� 

11. Were the reference standard results interpreted without knowledge of the results of the index test? 

a. + = �study clearly states that the test results (index or reference standard) were interpreted blind to the 

results of the other test� 

b. - = �this does not appear to be the case� 

c. +/- = �this information is not reported by the study� 

12. Were the same clinical data available when test results were interpreted as would be available when the test is 

used in practice? 

a. + = �clinical data would normally be available when the test is interpreted in practice and similar data 

were available when interpreting the index test in the study� or vice versa 

b. - = �this is not the case� 

c. +/- = �information is not reported by the study� 

13. Were uninterpretable/ intermediate test results reported? 

a. + = �it is clear that all test results, including uninterpretable/ indeterminate/intermediate are reported� 

b. - = �you think that such results occurred but have not been reported� 

c. +/- = �it is not clear whether all study results have been reported� 

14. Were withdrawals from the study explained? 

a. + = �If it is clear what happened to all patients who entered the study, for example if a flow diagram of 

study participants is reported� 

b. - = �it appears that some of the participants who entered the study did not complete the study, i.e. did 

not receive both the index test and reference standard, and these patients were not accounted for� 

c. +/- = �Not clear whether all patients who entered the study were accounted for� 

15. Did the study provide a clear definition of what was considered to be a �positive� result? 

a. + = Any citation or clinically sensible description of a �positive� result 

b. - = no explanation of a �positive� result 

c. +/- = Explanation of a �positive� result lacks sufficient detail or is incomplete 
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d. Any citation or clinically sensible description = +, no requirement for kappa 

16. Was treatment withheld until both the index test and reference standard were performed? 

a. This will generally by unsure for syncope studies.  Accepting that up to 30 days may pass, we may not 

know what happens in those 30 days 

b. If there is definite evidence of cardiac surgery, electrophysiologic treatments, anti-rhythmic treatments, 

anti-seizure treatments or medication changes = - 
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eTable 4 . Patient Demographics 

 

Finding  Level of 

Evidenc

e 

N (with 

cardiac 

syncope) 

TP FP FN TN Sensitivity (95% CI) Specificity (95% CI 

Age at first syncopal spell >35 yrs 1 3 323 (88) 80 65 8 170 0.91 (0.85-0.97) 0.72 (0.66-0.78) 

Atrial fibrillation or flutter1 3 323 (88) 11 4 77 231 0.13 (0.06-0.20) 0.98 (0.96-1.0) 

History of heart failure2 1 161 (78) 32 10 46 73 0.41 (0.3-0.52) 0.88 (0.81-0.95) 

Chronic heart failure 

(NYHA II-IV)11 

1 1472 (221) 35 73 18

6 

117

8 

0.16 (0.11-0.21) 0.94 (0.93-0.95) 

Heart failure (combined)  1633 (299)     0.16-0.41 0.88-0.94 

Hypertension1 3 323 (88) 32 26 56 209 0.36 (0.26-0.46) 0.89 (0.85-0.93) 

Hypertension11 1 1472 (221) 15

3 

72

8 

68 523 0.69 (0.63-0.75) 0.42 (0.39-0.45) 

Hypertension (combined)  1795 (309)     0.36-0.69 0.42-0.89 

Severe structural heart disease3 2 61 (20) 7 3 13 38 0.35 (0.14-0.56) 0.93 (0.85-1.01) 

Severe structural heart disease2 1 161 (78) 40 13 38 70 0.51 (0.4-0.62) 0.84 (0.76-0.92) 

Severe structural heart disease 

(combined) 

 222 (98)     0.35-0.51 0.84-0.93 
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eTable 5 Precipitating or  predisposing factors 

Finding  Level of 

Evidence 

N (with 

cardiac 

syncope) 

TP FP FN TN Sensitivity (95% CI) Specificity (95% CI 

After using the toilet 1 3 323 (88) 0 25 88 210 0 (0-0.03) 0.89 (0.85-0.93) 

Headaches1 3 323 (88) 4 71 84 164 0.05 (0-0.09) 0.7 (0.64-0.76) 

On the way to the toilet1 3 323 (88) 4 38 84 197 0.05 (0-0.09) 0.84 (0.79-0.89) 

Pain or medical procedure1 3 323 (88) 5 113 83 122 0.06 (0.01-0.11) 0.52 (0.46-0.58) 

Prolonged sitting/standing1 3 323 (88) 33 163 55 72 0.38 (0.28-0.48) 0.31 (0.25-0.37) 

Stress1 3 323 (88) 7 76 81 159 0.08 (0.02-0.14) 0.68 (0.62-0.74) 

Warm place1 3 323 (88) 8 129 80 106 0.09 (0.03-0.15) 0.45 (0.39-0.51) 

During effort2 1 161 (78) 9 7 69 76 0.12 (0.05-0.19) 0.92 (0.86-0.98) 

During effort5 3 260 (44) 6 2 38 214 0.14 (0.04-0.24) 0.99 (0.98-1.0) 

During effort (combined)  421 (122)     0.12-0.14 0.92-0.99 

While supine2 1 161 (78) 5 5 73 78 0.06 (0.01-0.11) 0.94 (0.89-0.99) 

While supine5 3 260 (44) 6 6 38 210 0.14 (0.04-0.24) 0.97 (0.95-0.99) 

While supine (combined)  421 (122)     0.06-0.14 0.94-0.97 
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eTable 6.  Symptoms prior to syncope 

Finding  Level of 

Evidence 

N (with cardiac 

syncope) 

TP FP FN TN Sensitivity 

(95% CI) 

Specificity 

(95% CI 

Chest pain7 3 208 (34) 2 3 32 171 0.06 (0-0.14) 0.98 (0.96-1) 

Angina11 1 1472 (221) 23 62 98 1189 0.19 (0.12-

0.26) 

0.95 (0.94-0.96) 

Chest pain/angina 

combined 

 1680 (255)     0.06-0.19 0.95-0.98 

Dyspnea7 3 208 (34) 3 3 31 171 0.09 (0-0.19) 0.98 (0.96-1) 

Dyspnea2 1 161 (78) 27 15 51 68 0.35 (0.24-

0.46) 

0.82 (0.74-0.9) 

Dyspnea3 2 61 (20) 6 9 14 32 0.3 (0.1-0.5) 0.78 (0.65-0.91) 

Dyspnea5 3 269 (44) 4 2 40 214 0.09 (0.01-

0.17) 

0.99 (0.98-1) 

Dyspnea (combined)  699 (176)     0.18 (0.08-

0.36) 

0.95 (0.80-0.99) 

Palpitations2  1 161 (78) 9 4 69 79 0.12 (0.05-

0.19) 

0.95 (0.9-1) 

Palpitations7  3 208 (34) 1 6 33 168 0.03 (0-0.09) 0.97 (0.94-1) 

Palpitations1  3 323 (88) 21 107 67 128 0.24 (0.15-

0.33) 

0.54 (0.48-0.6) 

Palpitations5 3 260 (44) 4 2 40 214 0.09 (0.01-

0.17) 

0.99 (0.98-1)
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Palpitations6 3 412 (116) 13 38 103 258 0.11 (0.05-

0.17) 

0.87 (0.83-0.91) 

Palpitations11 1 1472 (221) 22 78 99 1173 0.18 (0.11-

0.25) 

0.94 (0.92-0.95) 

Palpitations (combined)  2836 (581)     0.13 (0.09-

0.19) 

0.93 (0.82-0.98) 

Abdominal discomfort7 3 208 (34) 1 13 33 161 0.03 (0-0.09) 0.93 (0.89-0.97) 

Awareness of being about 

to faint7 

3 208 (34) 4 59 30 115 0.12 (0.01-

0.23) 

0.66 (0.59-0.73) 

Awareness of being about 

to faint6 

3 412 (116) 44 106 72 190 0.38 (0.29-

0.47) 

0.64 (0.59-0.69) 

Awareness of being about 

to faint (combined) 

 620 (150)     0.12-0.38 0.64-0.66 

Abdominal discomfort1 3 323 (88) 3 38 85 197 0.03 (0-0.07) 0.84 (0.79-0.89) 

Absence of prodromes4 1 198 (115) 37 9 78 74 0.32 (0.23-

0.41) 

0.89 (0.82-0.96) 

Absence of prodromes2 1 161 (78) 37 45 41 38 0.47 (0.36-

0.58) 

0.46 (0.35-0.57) 

Absence of prodromes5 3 260 (44) 23 56 21 160 0.52 (0.37-

0.67) 

0.74 (0.68-0.80) 

Absence of prodromes6 3 412 (116) 52 86 64 210 0.45 (0.36-

0.54) 

0.71 (0.66-0.76) 

Absence of prodromes 

(combined)  

 1031 (353)     0.43 (0.35-

0.51) 

0.73 (0.55-0.86) 

Auditory distortion1 3 323 (88) 12 84 76 151 0.14 (0.07-

0.21) 

0.64 (0.58-0.70) 



 

 

© 2019 American Medical Association. All rights reserved. 

Blurred vision1 3 323 (88) 27 126 61 109 0.31 (0.21-

0.41) 

0.46 (0.4-0.52) 

Blurred vision4 1 198 (115) 11 29 104 54 0.1 (0.05-0.15) 0.65 (0.55-0.75) 

Blurred vision7 3 208 (34) 1 45 33 129 0.03 (0-0.09) 0.74 (0.67-0.81) 

Blurred vision6 3 412 (116) 30 31 86 265 0.26 (0.18-

0.34) 

0.9 (0.87-0.93) 

Blurred vision5 3 260 (44) 8 68 36 148 0.18 (0.07-

0.29) 

0.69 (0.63-0.75) 

Blurred vision (combined)  1401 (397)     0.16 (0.09-

0.28) 

0.71 (0.56-0.83) 

Diaphoresis7 3 208 (34) 2 50 32 124 0.06 (0-0.14) 0.71 (0.64-0.78) 

Diaphoresis6 3 412 (116) 16 83 100 213 0.14 (0.08-0.2) 0.72 (0.67-0.77) 

Diaphoresis5 3 260 (44) 6 80 38 136 0.14 (0.04-

0.24) 

0.63 (0.57-0.69) 

Diaphoresis11 1 1472 (221) 47 405 174 846 0.21 (0.16-

0.27) 

0.68 (0.65-0.70) 

Diaphoresis (combined)  2352 (415)     0.18 (0.09-

0.35) 

0.63 (0.47-0.77) 

Feeling cold6 3 412 (116) 2 33 114 263 0.02 (0-0.05) 0.89 (0.85-0.93) 

Headache1 3 323 (88) 3 46 85 189 0.03 (0-0.07) 0.8 (0.75-0.85) 

Less than 5 s warning1 3 323 (88) 58 91 30 144 0.66 (0.56-

0.76) 

0.61 (0.55-0.67) 

Duration of prodromes 

less than or equal to 10 

seconds6 

3 412 (116) 93 200 23 96 0.8 (0.73-0.87) 0.32 (0.27-0.37) 
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Lightheadedness6 3 412 (116) 9 60 107 236 0.08 (0.03-

0.13) 

0.8 (0.75-0.85) 

Mood changes or 

prodromal  pre-occupation 

with details 1 

3 323 (88)) 2 57 86 178 0.02 (0-0.05) 0.76 (0.71-0.81) 

Nausea6 3 412 (116) 7 45 109 251 0.06 (0.02-0.1) 0.85 (0.81-0.89) 

Nausea7 3 208 (34) 2 37 32 137 0.06 (0-0.14) 0.79 (0.73-0.85) 

Nausea or vomiting2 1 161 (78) 7 15 71 68 0.09 (0.03-

0.15) 

0.82 (0.74-0.9) 

Nausea or vomiting1 3 323 (88) 17 102 71 133 0.19 (0.11-

0.27) 

0.57 (0.51-0.63) 

Nausea or vomiting5 3 260 (44) 3 76 41 140 0.07 (0-0.15) 0.65 (0.59-0.71) 

Nausea or vomiting11 1 1472(221) 42 384 179 867 0.19 (0.14-

0.24) 

0.69 (0.67-0.72) 

Nausea (combined)  2836 (581)     0.11 (0.07-

0.18) 

0.74 (0.65-0.81) 

Numbness or tingling1 3 323 (88) 8 65 80 170 0.09 (0.03-

0.15) 

0.72 (0.66-0.78) 

Pallor1 3 323 (88) 42 166 46 69 0.48 (0.38-

0.58) 

0.29 (0.23-0.35) 

Pallor7 3 208 (34) 1 15 33 159 0.03 (0-0.09) 0.91 (0.87-0.95) 

Pallor11  1 1472 (221) 45 356 176 895 0.20 (0.15-

0.26) 

0.72 (0.69-0.74) 

Pallor (combined)  2003 (343)     0.22 (0.08-

0.48) 

0.69 (0.34-0.90) 
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Sweating or warm feeling1 3 323 (88) 21 146 67 89 0.24 (0.15-

0.33) 

0.38 (0.32-0.44) 
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eTable 7.  Witnessed During The Episode 

Finding  Level of 

Evidence 

N TP FP FN TN Sensitivity 

(95% CI) 

Specificity 

(95% CI) 

Myoclonic movements 

(Evaluated in presence of 

witness)6 

3 412 (116) 10 20 106 276 0.09 (0.04-0.14) 0.93 (0.9-0.96) 

Cyanotic during syncope1 3 323 (88) 7 3 81 232 0.08 (0.02-0.14) 0.99 (0.98-1.0) 
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eTable 8. After The Syncope 

Finding  Level of 

Evidence 

N TP FP FN TN Sensitivity 

(95% CI) 

Specificity 

(95% CI 

Injury3 2 61 (20) 5 8 15 33 0.25 (0.06-0.44) 0.80 (0.68-0.92) 

Caused Injury11 1 1472 (221) 35 176 186 1075 0.16 (0.11-0.21) 0.86 (0.84-0.88) 

Caused injury (combined)  1533 (241)     0.16-0.25 0.80-0.86 

Mood changes1 3 323 (88) 3 39 85 196 0.03 (0-0.07) 0.83 (0.78-0.88) 

Numbness or tingling1 3 323 (88) 5 43 83 192 0.06 (0.01-0.11) 0.82 (0.77-0.87) 

Cannot remember 

behaviour during syncope1 
3 323 (88) 4 42 84 193 0.05 (0-0.09) 0.82 (0.77-0.87) 

Nausea6 3 412 (116) 7 47 109 249 0.06 (0.02-0.10) 0.84 (0.8-0.88) 

Nausea or vomiting1 3 323 (88) 9 83 79 152 0.10 (0.04-0.16) 0.65 (0.59-0.71) 

Nausea (combined)  735 (204)     0.06-0.10 0.65-0.84 

Abnormal ECG2 1 161 (78) 54 24 24 59 0.69 (0.59-0.79) 0.71 (0.61-0.81) 

Abnormal ECG 3, 2 61 (20) 8 12 12 29 0.40 (0.19-0.61) 0.71 (0.57-0.85) 

Abnormal ECG (combined)       0.40-0.69 0.71-0.71 

 

         

Abnormal EKG: intraventricular conduction block (QRS duration >/= 0.12 sec), Mobitz second or third degree AV block, asymptomatic bradycardia, sinoatrial 

block or sinus pause (./= 3 seconds), Q waves suggesting prior myocardial infarction, signs of myocardial hypertrophy, atrial fibrillation/flutter, pre-excited QRS 

complexes, and short or long Qt interval.2,,3 
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eTable 9.  Combinations of Findings 

 Level of 

Evidence 

N TP FP FN TN Sensitivity 

(95% CI) 

Specificity 

(95% CI 

any of: bifascicular block, 

asystole, diabetes, 

supraventricular tachycardia1 

3 323 (88) 56 8 32 227 0.64 (0.54-0.74) 0.97 (0.95-0.99) 

Heart disease, or abnormal 

ECG , or both4 

1 198 (115) 101 32 14 51 0.88 (0.82-0.94) 0.61 (0.51-0.71) 

EGSYS >=34 1 198 (115) 105 20 10 53 0.91 (0.86-0.96) 0.73 (0.63-0.83) 

EGSYS >=35  3 258 (35) 31 70 4 153 0.89 (0.79-0.99) 0.69 (0.63-0.75) 

EGSYS >=3 (combined)  456 (150)     0.89-0.91 0.69-0.73 

Vasovagal score less than -21 3 323 (88) 80 25 8 210 0.91 (0.85-0.97) 0.89 (0.85-0.93) 

Vasovagal score less than -29 3 380 (28) 9 67 19 285 0.32 (0.15-0.49) 0.81 (0.77-0.85) 

Vasovagal score less than -2 

(combined) 

 703 (116)     0.32-0.91 0.81-0.89 

 

4Abnormal EKG defined as: bradycardia <40 beat/minute, , St changes (>1 mm elevation or depression), QT prolongation (440 ms), ventricular tachycardia, 

atrioventricular block (second or third degree), sick sinus syndrome, ventricular and rapid paroxysmal supraventricular arrhythmias, sinus pauses, and pace 

malfunction.  
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eTable 10.  Biomarkers 

 Level of 

Evidence 

N TP FP FN TN Sensitivity 

(95% CI) 

Specificity 

(95% CI 

Elecsys proBNP assay, Roche 

Diagnostics, NT-pro-BNP (> 156pg/ml)2 

1 161 (78) 70 40 8 43 0.90 (0.83-0.97) 0.52 (0.41-0.63) 

Elecsys proBNP assay, Roche 

Diagnostics, NT-pro-BNP дヱヶヴ ヮｪっﾏﾉ3 

2 61 (20) 18 21 2 20 0.90 (0.77-1.0) 0.49 (0.34-0.64) 

Roche, NT-pro-BNP (>/= 210.5 pg/ml)10 2 100 (50) 47 1 3 49 0.94 (0.87 -1.0) 0.98 (0.94-1.0) 

Elecsys proBNP (Roche Diagnostics)11 

> 1966pg/ml  

>/= 69- </=1966pg/ml  

< 69pg/ml  

 

 

1 
1338 (221) 

 

 

62 

148 

11 

54 

708 

355   

 

 

LR 5.8 (4.2-8.1) a 

      1.1 (1.0-1.2) 

      0.16 (0.09-0.28)  

Architect BNP assay BNP11 

>302pg/ml  

>/= 15 - </= 302pg/ml  

 < 15pg/ml  

1 

1338 (221) 

 

 

69 

141 

11 

  55 

785 

277   

LR 6.3 (4.6-8.8)a 

      0.91 (0.82-1.0) 

      0.20 (0.11-0.40)  

hs-cTnT Roche assay > 14 ng/L8 1 360 (80) 59 89 21 191 0.74 (0.64-0.84) 0.68 (0.63-0.73) 

hs-cTnT Roche assay11 

>42 pg/ml  

>/= 5 - </= 42pg/ml  

< 5pg/ml  

 

1 

1338 (221) 

 

 

55 

158 

8 

55 

798 

264   

LR 5.1 (3.6-7.1) 

     1.0 (0.91-1.1) 

     0.15 (0.08-0.31)  

ARCHITECT High Sensitive STAT 

Troponin I assay (Abbott Laboratories)11 

> 31.3pg/ml  

>/=2.2 - </=31.3pg/ml  

< 2.2pg/ml  

 

1 

1338 (221) 

 

 

59 

153 

9 

55 

810 

252   

 

LR 5.4 (3.9-7.6) a 

     0.96 (0.87-1.1) 

     0.18 (0.10-0.35) 

a For ordinal results with 3 or more levels, sensitivity and specificity no longer apply.  The serial LR are shown for each threshold level. 
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