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Background: Vasovagal syncope is the most common type of
syncope and is one of the most difficult types to manage.

Purpose: This article reviews the status of mechanisms, diag-
nosis, and management of vasovagal syncope.

Data Sources: MEDLINE search for English-language and
German-language articles on vasovagal syncope published up to
June 1999.

Study Selection: Case reports and series, clinical trials, research
investigations, and review articles from peer-reviewed journals.

Data Extraction: Findings were summarized and discussed in-
dividually. Summaries were made in table format. Statistical anal-
ysis of combined data was inappropriate because of differences
among studies in patient selection, testing, and follow-up.

Data Synthesis: The population of patients with vasovagal syn-
cope is highly heterogeneous. Triggers of vasovagal syncope are
likely to be protean, and many potential central and peripheral
triggers have been identified. The specific mechanisms underlying

the interactions among decreased preload, sympathetic and para-
sympathetic modulation, vasodilation, and cardioinhibition remain
unknown. Tilt-table testing is a widely used diagnostic tool. The
test results should be interpreted in the context of patients’ clin-
ical presentations and with an understanding of the sensitivity and
specificity of the test. Assessment of therapeutic outcomes has
been difficult, primarily because of patient heterogeneity, the large
number of pharmacologic agents available for therapy, and the
sporadic nature of the syndrome complex.

Conclusions: Vasovagal syncope is a common clinical syndrome
that has complex and variable mechanisms and is difficult to
manage. Advancements are being made in laboratory investiga-
tions of its triggering mechanisms. Randomized, controlled trials
of pharmacologic and nonpharmacologic interventions are needed.
Mechanism-targeted therapeutic trials may improve clinical out-
comes.
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The common faint is the prototype of vasovagal syn-
cope. The “vasodepressor” component of syncope was

first suggested by Hunter in 1773 (1) in reference to a
patient undergoing phlebotomy. The “vagally” mediated
cardioinhibition as a primary cause of syncope was noted
in 1888 by Foster (2), who proposed that profound brady-
cardia diminished cerebral perfusion to a level inadequate
to maintain consciousness. Because of the intriguing, com-
plex interactions between the neurologic and cardiovascu-
lar systems, the triggering mechanisms have been thor-
oughly investigated.

Syncope has an enormous medical, social, and eco-
nomic impact on the general population. Approximately 1
million patients are evaluated for syncope annually in the
United States. It has been estimated that 3% to 5% of
emergency department visits and 1% to 6% of hospital
admissions are for evaluation of syncope (3–6). Vasovagal
syncope is the most common type of syncope and is one of
the most difficult types to manage. It has been estimated
that up to 40% of syncopal events evaluated in the out-
patient setting are vasovagal in nature (3, 7). Calkins and
colleagues (8), in a study done at a tertiary care center,
estimated that up to $16 000 of unnecessary diagnostic
testing may be performed on patients who ultimately re-

ceive a diagnosis of vasovagal syncope, emphasizing the
difficulty of making the diagnosis. Although numerous
therapeutic options have been proposed for preventing va-
sovagal syncope, choice of therapy is usually empirical, and
efficacy is suboptimal. This is primarily because of the spo-
radic and episodic nature of the syndrome complex, the
heterogeneous patient population, and difficulties resulting
in the lack of large randomized clinical trials.

The primary objective of this paper is to review the
current understanding of the triggering mechanisms of va-
sovagal syncope and to provide a mechanism-based diag-
nostic and therapeutic approach to this large patient pop-
ulation. The opinions expressed are the results of our
interpretation of the available data in the literature in con-
junction with our own investigational work and clinical
experiences.

METHODS

The data sources were obtained from a MEDLINE
search for English-language and German-language articles
on vasovagal syncope published up to June 1999. The
terms vasovagal syncope and neurocardiogenic syncope were
used in conjunction with the terms mechanisms, diagnosis,
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tilt-table testing, or therapy. Case reports and series, clinical
trials, research investigations, and review articles in peer-
reviewed journals were selected. References were selected
on the basis of their relative pertinence. The language used
for the search was selected on the basis of accessibility.

The funding sources had no role in the design and
execution of the review or in the decision to submit it for
publication.

MECHANISMS

Neurocardiovascular Regulation of Blood Pressure
Physiologic control of blood pressure regulation in-

volves complex afferent signal processing by the central
nervous system and subsequent efferent modulation of
cardiac and vascular targets (Figure 1) (9, 10). Normal
moment-to-moment regulation of arterial pressure is con-
trolled predominantly by stretch-activated (high-pressure)
baroreceptors located in the aortic arch and carotid sinus.
The afferent signals are transmitted from the aortic arch by
the vagus nerve and from the carotid sinus by the glosso-
pharyngeal nerve. Phasic distention of these vascular terri-
tories after cardiac systole results in phasic discharge of
afferent nerves that converge on the nucleus tractus soli-
tarius in the brain stem. At this site, efferent sympathetic

outflow is inhibited and efferent vagal outflow is aug-
mented phasically. This phasic inhibition of sympathetic
drive is responsible for the periodic nature of efferent sym-
pathetic nerve traffic seen in recordings from human mus-
cle nerves (11).

With decreases in the tonic level of arterial pressure,
the mean level of sympathetic outflow increases and vagal
outflow decreases. Conversely, increases in arterial pressure
result in sympathetic withdrawal and vagal augmentation.
Therefore, the arterial baroreceptor system regulates the
beat-to-beat (phasic) firing of efferent sympathetic and va-
gal nerves as well as the tonic level of nerve traffic.

Mean levels of efferent sympathetic outflow are also
regulated by low-pressure baroreceptors located in the
heart walls and intrathoracic vessels (so-called cardiopul-
monary baroreceptors). Increased cardiac filling pressures
activate these receptors, resulting in sympathetic inhibi-
tion. Conversely, decreased filling pressures cause sympa-
thetic excitations because these receptors decrease their fir-
ing rate. Other inputs to these receptors include the cardiac
inotropic state.

The physiologic response to assumption of upright
posture involves activation of this autonomic cycle. Ap-
proximately 300 to 700 mL of blood pools in the lower

Figure 1. Autonomic nervous system regulation of cardiovascular hemodynamic responses.
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extremities while a person stands (12, 13), decreasing in-
travascular volume in the ventricle and at the level of the
aortic arch and carotid sinus. This in turn results in de-
creased afferent neural activity from each of these recep-
tors, ultimately producing increased sympathetic tone to
the vasculature and the heart, with subsequent vasocon-
striction, increased inotropy and heart rate, and mainte-
nance of blood pressure.

Traditional Concept of Vasovagal Response
The pathophysiology of the vasovagal state is incom-

pletely understood, which makes diagnosis and treatment
of vasovagal syncope difficult. The most commonly used
model for triggering vasovagal syncope is the Bezold–
Jarisch reflex (7, 14–20). In broad terms, the Bezold–Jarisch
reflex can be thought of as a perturbation of the negative
feedback loop previously described: Excessive venous pool-
ing triggers a chain of events that culminates in vasodila-
tation and bradycardia (instead of the physiologic compen-
satory responses of vasoconstriction and tachycardia). This
in turn leads to the hypotension and loss of consciousness
associated with vasovagal syncope.

The Bezold–Jarisch reflex is thought to be initiated by
excessive venous pooling, with resulting decreases in ven-
tricular volume and an increase in ventricular inotropy.
This activates sensory receptors that respond to wall ten-
sion located in the inferoposterior portions of the left ven-
tricle (21), paradoxically increasing neural traffic to the
central nervous system (through the afferents in the vagus
nerve). Sympathetic output to the vasculature and the
heart decreases, and parasympathetic activity increases.
Marked vasodilatation, a key component of the vasovagal
response, occurs as a result and is sometimes accompanied
by varying degrees of bradycardia. Hypotension, bradycar-
dia, and the loss of consciousness defining vasovagal syn-
cope follow (Figure 2).

Most of our knowledge of these mechanisms is derived
from studies of animals subjected to hemorrhage (16) or
administration of compounds known to stimulate visceral
afferent nerves (15, 17). Similarities in the efferent re-
sponse (that is, sympathetic withdrawal and relative or ab-
solute bradycardia among different species, including
humans) have led to the notion that similar afferent mech-
anisms are operative. It is likely, however, that multiple

Figure 2. Mechanisms of vasovagal response.

The Bezold–Jarisch reflex indicates that the neurocardiogenic reflex is initiated by the cardiac mechanoreceptor activation. The information is transmitted by the vagal
afferents to the cardiovascular regulatory center in the medulla. The negative feedback response is transmitted by an activation of the vagal efferents and an inhibition of the
sympathetic efferents. Input to the medulla may originate from extracardiac locations as well as directly from the higher central nervous system.
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afferent inputs contribute to the vasovagal response and
that therapies directed at a single putative mechanism will
have limited success.

In open-chest cats subjected to hemorrhage, an initial
sympathetic excitation is followed by sympathetic with-
drawal (16). This withdrawal can be prevented by section
of cardiac afferent nerves, which suggests that it is caused
by some cardiac afferent signal. Similar observations have
been made in rats (22). In conscious dogs, however, se-
quential section of high-pressure baroreceptor afferents and
cardiac afferents did not prevent sympathetic inhibition
late in hemorrhage (23).

In humans, circumstantial support for a trigger of
vasovagal syncope similar to the Bezold–Jarisch reflex has
been described. Serum catecholamine levels have been
shown to increase before vasovagal syncope during head-up
tilt-table testing (24). Use of microelectrodes to directly
measure traffic in human peroneal nerve fascicles has re-
vealed increases in sympathetic nerve activity during the
period leading up to vasovagal syncope, followed by sud-
den decreases at the onset of syncope (18). Decreases in
end-diastolic volume, presumably reflecting increased
venous pooling and decreased preload, have been shown
to accompany vasovagal syncope induced by head-up tilt-
table testing (25, 26).

Additional Mechanisms of Vasovagal Response
Vasovagal syncope in humans, however, is probably

triggered by mechanisms beyond those described by the
Bezold–Jarisch paradigm. For example, a vasodepressor re-
sponse without bradycardia has been observed during va-
sovagal syncope in some heart transplant recipients (Figure
3). The lack of bradycardia with vasovagal syncope sup-
ports the presumption that surgical denervation interrupts
cardiac afferent and efferent transmission. Therefore, trig-
gers of vasovagal syncope beyond those described in the
Bezold–Jarisch reflex are likely to be active. These findings
do not entirely exclude a cardiac contribution to the trig-
gering of vasovagal syncope, however, because complete
denervation cannot be proven (some cardiac afferents and
efferents may remain in the atrial remnants or the veno-
atrial junction) and the lack of a bradycardiac response
may simply reflect vasovagal syncope of a pure vasodepres-
sor nature (27–29).

It has been suggested that many modulators of central
nervous system activity play a role in modulating vasovagal

syncope. In addition, the Bezold–Jarisch reflex may de-
scribe just one of many possible triggers. These include
serotonin (30, 31), adenosine (32), and opioids (33, 34).
b-Endorphin levels have been shown to increase in patients
during syncope (35), and naloxone (an opiate receptor an-
tagonist) has been shown to enhance cardiopulmonary
baroreflex excitation of sympathetic activity (36). Infusion
of naloxone has not been shown to affect the vasovagal
response (37), however, which suggests that b-endorphins
are not uniquely involved in the sole common pathway
leading to vasovagal syncope. Input and interaction of af-
ferent responses in the higher central nervous system have
also been implicated (38, 39). During emotional stress,
modulatory effects from forebrain and hypothalamus could
also play a role in patients with denervated ventricles.

Potential peripheral neural triggers of vasovagal syn-
cope, distinct from those described in the Bezold–Jarisch
reflexes, have also been identified. For example, our group
(40) has shown that sympathetic afferents could be acti-
vated directly by intravenous administration of adenosine.
These observations suggest that adenosine may be an en-
dogenous mediator of vasovagal response when used in
conjunction with head-up tilt-table testing.

In patients with vasovagal syncope, we recently ob-
served that decreases in end-diastolic volume with head-up

Figure 3. A vasovagal response induced by tilt-table
testing and isoproterenol infusion in a patient who
received a cardiac transplant.

Autonomic denervation and absent Bezold–Jarisch reflex are presumed. The top
two tracings are from surface electrocardiogram leads 1 and aVL. The bottom
tracing is a beat-to-beat arterial blood pressure (BP) tracing recorded from the
radial artery. Left. Hemodynamic responses at baseline in the tilted position. Mid-
dle. After isoproterenol infusion at 3 mg/min, the patient became hypotensive and
syncopal without significant decrease in heart rate (HR). Right. Hemodynamic
values during recovery after the patient was returned to the supine position. Re-
produced from Shen and Gersh (7) with permission of the Mayo Foundation.
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tilt-table alone are reversed by addition of isoproterenol
infusion (41). This suggests that decreases in ventricular
volume may not be necessary for development of vasovagal
syncope, further supporting the idea that some triggers are
distinct from those described in the Bezold–Jarisch reflex.
In addition, in patients with syncope induced by head-up
tilt-table testing alone and by head-up tilt-table testing plus
isoproterenol, we have observed that hemodynamic re-
sponses just before onset of symptoms vary considerably
between the two protocols (42). Before onset of syncope,
heart rate and cardiac output were significantly higher and
total peripheral resistance was significantly lower in pa-
tients with isoproterenol-induced vasovagal response than
in patients with vasovagal syncope induced by tilt-table
testing alone. Because triggering mechanisms of the immi-
nent syncope are expected to be most active just before
onset of symptoms, it is likely that these different hemo-
dynamic responses reflect different triggering mechanisms
in the same patient.

The mechanisms of profound vasodilatation, the final
pathway leading to vasovagal syncope, are the focus of
much investigation. Substantial research has been done on
the role of alterations in autonomic tone during vasovagal
syncope. It is generally accepted that changes in sympa-
thetic tone are integral to the vasodilatory response because
alterations in serum levels of norepinephrine and epineph-
rine during head-up tilt-table testing result in syncope (24,
43). It is not clear, however, whether these changes are
active or passive. For example, early research (44) showed
vasodilatation of skeletal muscle blood vessels during syn-
cope induced by phlebotomy and high-pressure thigh cuff.
This vasodilatation was attenuated by sympathectomy or
peripheral nerve block, suggesting that it was active and
mediated by increases in anatomically unidentified sympa-
thetic activity in vasodilator nerve fibers. In contrast, recent
work showing that vasovagal syncope is associated with
withdrawal of sympathetic nerve fiber activity suggests a
more passive role (18). Finally, it has been suggested that
alterations in sympathetic tone mediated by cholinergic
vasodilator nerves (45) play a role in skeletal muscle
dilatation.

Nitric oxide has recently been implicated in the vaso-
dilatory response associated with vasovagal syncope. Evi-
dence for the presence of nitroxidergic nerves in skeletal
muscle (46, 47) and increased metabolism of nitric oxide
in patients with syncope induced by head-up tilt-table test-
ing (48) have been reported. Other studies have shown,

however, that the role of nitric oxide is not unique; infu-
sion of NG-monomethyl-L-arginine (a nitric oxide blocker)
did not prevent vasodilation during syncope (49, 50).

The specific mechanisms underlying the interactions
among decreased preload, sympathetic and parasympa-
thetic modulation, and vasodilatation remain unknown.
Triggers of vasovagal syncope are likely to be protean, and
many potential central and peripheral triggers have been
identified (Figure 2). It would be reasonable, therefore, to
consider the Bezold–Jarisch paradigm a hypothesis that de-
scribes only one of many potential triggering mechanisms.

CLINICAL EVALUATION

History and Physical Examination
A “standard” diagnosis of vasovagal syncope usually

involves clinical history and observation of the patient at
the time of symptoms, if possible. Onset of vasovagal syn-
cope is usually gradual, but sudden loss of consciousness
without warning is not uncommon (7, 51). Information
regarding environmental circumstances at the time of syn-
cope may be helpful. Because vasovagal syncope may be
precipitated by the sight of blood, loss of blood, sudden
stressful or painful experiences, surgical manipulation, or
trauma, a history of childhood syncope may provide a clue
to the cause of vasovagal syncope in adults. Premonitory
signs and symptoms, if present, include pallor, weakness,
lightheadedness, yawning, nausea, diaphoresis, hyperventi-
lation, blurred vision, and impaired hearing immediately
before the syncopal event. If the patient sits or lies down
promptly, frank syncope may be aborted. When conscious-
ness returns, the patient may have a persistent sensation of
weakness but is not usually confused. Although orthostatic
vital signs should be assessed and cardiovascular and neu-
rologic examination should be performed in every patient,
no specific findings from physical examination have been
related to vasovagal syncope.

Tilt-Table Testing
Venous pooling provoked by head-up tilt with exces-

sive myocardial contraction has been demonstrated during
head-up tilt-table testing (26, 52). It is generally thought
that head-up tilt-table testing provokes vasovagal syncope
through the Bezold–Jarisch mechanism. The test is per-
formed by using a specially designed tilting table with a
footboard. The patient is tilted upright, and vasovagal syn-
cope is precipitated in predisposed patients. Protocols for
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head-up tilt-table testing are not standardized, and the du-
ration and angle of tilt used by different investigators vary
considerably. Most recent published reports have tended to
favor tilts that last 30 to 45 minutes at 60° to 80° (53).
Although head-up tilt-table testing is widely used in the
diagnosis of vasovagal syncope, questions relating to its
specificity, sensitivity, and reproducibility make its inter-
pretation and clinical applicability difficult.

Pharmacologic agents are often used to provoke a pos-
itive test result if vasovagal syncope is not induced by
head-up tilt-table testing alone. The agents are chosen for
their effects on autonomic regulation during head-up tilt-
table testing and, by inference, their putative triggering of
the Bezold–Jarisch reflex. For example, because serum con-
centrations of catecholamines are known to increase before
spontaneous vasovagal syncope (24), isoproterenol is often
infused during head-up tilt-table testing to augment the
vasovagal response (54, 55). Similarly, adenosine (with va-
sodilatory and probable direct activation of sympathetic
afferents) (40), nitroglycerin (with direct vasodilatory ac-
tion) (56, 57), edrophonium (with cholinergic action) (58,
59), and other agents have been used to “provoke” syncope
during head-up tilt-table testing. It is expected that diag-
nostic outcomes will differ according to the agent used
because each agent has a specific end target; however, de-
tailed information is not currently available.

Sensitivity—a measure of how often vasovagal syncope
is induced by head-up tilt-table testing in patients with a
history of vasovagal syncope—is difficult to assess. Many
patients with a history of situational syncope undergo
head-up tilt-table testing because their physician is not sure
whether the clinical event was vasovagal in nature. It is not
known whether the syncope induced during head-up tilt-

table testing represents the clinical event; therefore, deter-
mination of the denominator used in determining sensitiv-
ity (that is, the number of patients with a clinical history of
vasovagal syncope) is unclear. Our group prefers to use the
longer but less misleading term positive yield in patients
with a syncopal history or apparent sensitivity to describe
positive results of head-up tilt-table testing in patients re-
ferred for syncope.

The proportion of patients with a clinical history of
syncope reported to have a positive result on head-up tilt-
table testing varies considerably. Most studies report values
that range from 30% to 85% (40, 60–65). This wide
range is partially caused by differences in tilt protocols (tilt
angle and duration), as shown in Table 1. In addition,
differences in patient characteristics at study entry (multi-
ple episodes vs. single episode, rigorous vs. more flexible
evaluation, exclusion of other causes of syncope, age of
patients, and number and type of comorbid conditions) are
likely to have an effect.

Addition of provocative agents to head-up tilt-table
testing can increase the positive yield. As many as 75% of
younger patients with a negative result on head-up tilt-
table testing experienced vasovagal syncope with addition
of isoproterenol infusion (68). The method of isoprotere-
nol infusion (dose, duration, and inclusion of a supine
period before increasing the dose) differs greatly among
investigators, which probably adds to the variation.

Specificity—a measure of how often vasovagal syncope
fails to be induced by head-up tilt-table testing in asymp-
tomatic controls—is usually high, ranging from 80% to
90% or greater (56, 63, 66, 67, 69, 70). It is important to
note that specificity has a much narrower range than sen-
sitivity.

Table 1. Passive Upright Tilt-Table Testing in Patients with Syncope of Unknown Cause

Study (Reference) Total Patients Patients with Positive
Results on Tilt-Table
Testing

Total Controls Controls with Positive
Results on Tilt-Table
Testing

Tilt Angle Tilt Duration

n n (%) n n (%) ° min

Kenny et al. (61) 15 10 (67) 10 1 (10) 40 60
Fitzpatrick et al. (66) 71 53 (75) 27 2 (7) 60 60
Strasberg et al. (65) 40 15 (38) 10 0 (0) 60 60
Raviele et al. (62) 30 15 (50) 8 0 (0) 60 60
Abi-Samra et al. (60) 151 63 (42) 15 0 (0) 60 20
Almquist et al. (54) 15 4 (27) 18 0 (0) 80 10
Grubb et al. (67) 25 6 (24) 6 0 (0) 80 30
Pongiglione et al. (68) 20 4 (20) 0 – 90 15
Shen et al. (63) 111 35 (32) 23 2 (9) 70 45
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When provocative agents, such as isoproterenol, are
used, specificity can decrease substantially. One study re-
ported values as low as 50% (5), although in most other
studies values remained above 80% (71) at lower doses of
isoproterenol. In a randomized crossover study of 111 con-
secutive patients (63), we observed that the positive yields
of passive tilt-table testing and tilt-table testing with an
intermediate dose of isoproterenol (0.05 mg/kg of body
weight per minute) were 32% and 68%, respectively
(P 5 0.002). Positive yield in response to isoproterenol in-
creased in the patient sample at the expense of a modest
reduction of specificity in 23 normal controls (from 91%
to 83%). The procedural time was significantly less for the
single-stage isoproterenol tilt than for passive tilt-table testing.

Reproducibility of head-up tilt responses between tests
varies among published studies (Table 2) (62, 70, 74–76,
78, 79). A positive (syncopal) response is confirmed in
35% to 90% of patients, and a negative response is con-
firmed in 80% to 100% of patients (73, 80). These differ-
ences may reflect different protocols for head-up tilt-table
testing (for example, isoproterenol use and the length and
angle of tilt), different inclusion criteria (presyncope vs.
syncope), or other uncontrolled variables.

Several authors (62, 75, 80) have reported discordant
hemodynamic responses (cardioinhibitory, vasodepressor,
or mixed) between tests in patients with vasovagal syncope
induced by sequential head-up tilt-table testing. This sug-
gests that incomplete concordance with induction of vaso-
vagal syncope may be a function of more than the head-up
tilt-table testing itself. The type of hemodynamic response
during syncope or even the inducibility of syncope proba-
bly reflects the physiologic susceptibility of the patient to
vasovagal syncope at that time. A continuum of symptoms
in response to provocative situations, ranging from no
symptoms to presyncope to full vasovagal syncope, may

reflect the current physiologic susceptibility of the patient.
This has important implications for the use of serial
head-up tilt-table testing to determine the efficacy of ther-
apeutic interventions.

The American College of Cardiology has published
guidelines for head-up tilt-table testing (53). Most studies
generally agree that head-up tilt-table testing is warranted
in patients whose syncope is presumed, but not conclu-
sively known, to be vasovagal and in patients with one or
more of the following: 1) recurrent syncope, including re-
current exercise-induced syncope after exclusion of organic
heart disease; 2) a single syncopal event associated with
injury or motor vehicle accident; 3) a single syncopal event
in a high-risk setting; or 4) syncope of another established
cause whose treatment might be affected by vasovagal
syncope.

Head-up tilt-table testing is not warranted in patients
who have a single syncopal episode without injury in an
intermediate- or low-risk setting and have no clinical fea-
tures that clearly support a diagnosis of vasovagal syncope.
Furthermore, head-up tilt-table testing is contraindicated
in patients with critical obstructive cardiac disease (for ex-
ample, critical proximal coronary artery stenosis, critical
mitral stenosis, or severe left ventricular outflow obstruc-
tion) or critical cerebrovascular stenosis. In several condi-
tions, reasonable differences of opinion exist regarding the
usefulness of head-up tilt-table testing. For example, it is
not proven to be useful in follow-up evaluation of therapy
to prevent recurrence of vasovagal syncope because of the
difficulties associated with reproducibility.

NATURAL HISTORY

Vasovagal syncope often presents in clusters. Multiple
events occur in a relatively short period and are followed by

Table 2. Reproducibility of Results of Tilt-Table Testing

Study (Reference) Protocol for Tilt-Table Test Time between Tests Positive Reproducibility Negative Reproducibility

n/n (%)

de Buitleir et al. (72) 80° tilt, 10-min duration 5 min 8/14 (57) 16/17 (94)
Brooks et al. (73) 70° tilt, 25-min duration 1 d 11/30 (37) 45/56 (80)
Raviele et al. (62) 60° tilt, 60-min duration 3 d 10/14 (71) –
Fitzpatrick et al. (66) 60° tilt, 60-min duration – 24/31 (77) –
Blanc et al. (74) 60° tilt, 60-min duration 7 d 8/13 (62) –
Fish et al. (75) Isoproterenol used 30 min 14–18/21 (67–86) –
Chen et al. (76) Isoproterenol used 30 min 12/15 (80) 8/8 (100)
Grubb et al. (70) Isoproterenol used 5 d 13/14 (93) 6/7 (86)
Sheldon et al. (77) Isoproterenol used 2 wk 23/26 (88) 17/20 (85)

Review Vasovagal Syncope

720 7 November 2000 Annals of Internal Medicine Volume 133 • Number 9 www.annals.org



longer, relatively symptom-free periods. Surprisingly, de-
spite its effect on the choice and evaluation of intervention,
there are few published longitudinal data on the natural
history of untreated vasovagal syncope. Sheldon and col-
leagues (81) presented the most comprehensive analysis, in
which they followed for up to 3 years 101 patients who
were referred for syncope, had vasovagal syncope induced
by head-up tilt-table testing (with or without isoprotere-
nol), and received no drug therapy. Several important re-
sults were reported. First, the probability of remaining free
of recurrent syncope decreased over time (72%, 62%, and
51% at 1, 2, and 3 years, respectively). Second, presence of
recurrent syncope could be predicted from the number and
duration of pretest syncope episodes. The risk for syncope
recurrence always increased with the number of syncope
episodes, and the rate of increase was much greater if the
symptoms occurred over a shorter time. For example, the
probability of remaining syncope-free after 2 years was
26% for a patient with 17 syncope episodes in the 6
months before head-up tilt-table testing but 82% for a
patient with only 2 syncope episodes in the same period.
Overall, only 28% of untreated patients had recurrent syn-
cope during the study. Intratest variables (for example, in-
ducibility of syncope with head-up tilt-table testing or
heart rate during head-up tilt-table testing) did not add to
the prognostic value of these pretest variables. Finally, and
perhaps of most interest, the frequency of syncopal events
decreased substantially after head-up tilt-table testing. The
median frequency of syncope was 0.3 per month before
testing and decreased to 0.03 per month after testing. In
essence, the diagnostic procedure of head-up tilt-table test-
ing and the associated clinical encounter had the effect of a
positive therapeutic intervention. Although a causal rela-
tionship cannot be inferred, the clinical encounter, which
included counseling on avoidance of situational provoca-
tion and assumption of postural maneuvers during presyn-
cope to abort syncope, may play a large role in reducing
frequency of future events even without medical treatment.

TREATMENT

Because the specific physiologic triggers of vasovagal
syncope have not been clearly identified, approaches to
treatment are largely empirical and are based on putative
(but unproven) causal mechanisms. Rational approaches to
treatment are further hampered by the highly variable re-
currence rate of vasovagal syncope. Patients have re-

sponded favorably to many drugs in short-term uncon-
trolled treatment trials.

Infrequent episodes of vasovagal syncope that are pre-
ceded by a warning prodrome probably do not require any
intervention besides counseling and observation. Attention
to hydration and salt intake may suffice, especially in warm
weather. When treatment is considered necessary, it is of-
ten difficult to choose rationally among the widely diverse
published options. b-Adrenergic receptor blockers, anti-
cholinergic agents, disopyramide, adenosine receptor
blockers, selective serotonin reuptake inhibitors, a-adren-
ergic agonists, mineralocorticoids, anticonvulsants, com-
pression hose, and permanent pacemakers, among other
therapies, have been advocated. The vast majority of the
published studies evaluating these therapies, however, are
uncontrolled, unblinded, and relatively short-term, which
limits their usefulness in guiding treatment. A MEDLINE
search from 1969 to the present revealed four controlled
and blinded trials (82–85).

Ward and colleagues (85) performed a randomized,
double-blind, placebo-controlled trial in 16 patients with
recurrent vasovagal syncope. They found substantial im-
provement in quality-of-life score and symptom-free days
after treatment with midodrine (an a-agonist) compared
with placebo. In another randomized, double-blind, placebo-
controlled multicenter trial of an a-agonist, etilefrine, in
126 patients, Raviele and coworkers (84) reported that the
incidence of recurrent syncope and the median time to first
recurrence did not differ in the etilefrine and placebo
groups (24% vs. 24% and 106 days vs. 112 days, respec-
tively). Follow-up was considered complete at 1 year or
when the first episode of syncope occurred.

The effectiveness of a serotonin reuptake blocker,

Table 3. Long-Term Therapy for Vasovagal Syncope

Type of Therapy Specific Therapy

Preload agents Fluids, salt, compression hose, steroids
Vasoconstrictors a1-Adrenergic agonist (ephedrine, midodrine),

adenosine blocker (theophylline),
b2-Adrenergic blocker (propranolol)

Anticholinergic agents Scopolamine, propantheline, disopyramide,
hyoscyamine

Negative cardiac inotropes b1-Adrenergic blocker, disopyramide
Central agents Serotonergic reuptake blockers (fluoxetine,

sertraline), a2-adrenergic agonist (clonidine),
central stimulants (phentermine,
methylphenidate), brain-stem suppressant
(phenobarbital)

Mechanical device Pacemaker therapy for prevention of
bradycardia
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paroxetine, was recently examined in a double-blind, pla-
cebo-controlled study of 68 patients who had not im-
proved with standard therapy. During a mean follow-up of
25 months, syncope recurred in significantly fewer patients
in the paroxetine group (18%) than in the placebo group
(53%). Morillo and colleagues (82) assessed the incidence
of recurrent syncope as a primary end point in a double-
blind study of 21 patients. They observed no difference
between patients who received disopyramide (which has an
anticholinergic effect) and those who received placebo
(27% vs. 30%, respectively). The divergent results of these
four controlled studies could be explained by 1) heteroge-
neous patient population and patient selection, 2) differ-
ences in the size of the study samples and statistical power,
3) different study end points, 4) differences in duration of
follow-up, and 5) a wide range of pharmacologic target
(that is, a-receptor [midodrine, etilefrine], serotonin trans-
porter [paroxetine], and cholinergic receptor [disopyramide]).

Use of pharmacotherapy for vasovagal syncope is lim-
ited by the absence of a large-scale blinded trial of b-
adrenergic blockers, probably the most widely prescribed
therapy for this condition. An often-cited observational
study of b-adrenergic blockers included a sample of 118
patients followed for 28 months in which the recurrence
rate was 10% (86). The study had several limitations, in-
cluding the lack of a control group and the inclusion of
patients with “near syncope” and infrequent syncopal
events. Of the initial 193 patients with a positive response
to tilt-table testing, 20% had no history of frank syncope
and 12% had only one episode of syncope.

Some clinicians advocate permanent pacing as treat-
ment for vasovagal syncope, and anecdotal series have sup-
ported this approach (61, 87, 88). In the North American
Vasovagal Pacemaker Study (89), which attempted to ad-

dress the design errors of the anecdotal series, patients with
at least six lifetime episodes of syncope, positive results on
tilt-table testing, and relative bradycardia during tilt-table
testing were randomly assigned to receive a permanent
pacemaker with or without a rate-drop feature. The rate-
drop feature of the pacemaker allowed detection of the
slope of the decrease in heart rate in addition to the lower
rate-limit detection. If the slope of the decrease in heart
rate in a given time interval exceeded preset values, pacing
was activated at a programmable higher rate. Medical ther-
apy was permitted and was nonstandardized in patients
who received pacing and those who did not. The main
outcome measure was time to recurrence of syncope. Ini-
tially, enrollment of 284 patients was planned. At the first
interim analysis of 54 patients, however, an unexpected
large and beneficial treatment effect was identified and the
study was halted.

The North American Vasovagal Pacemaker Study has
been criticized for the extraordinarily small number of pa-
tients enrolled, the lack of a true control group (that is, the
pacemaker was implanted in all patients but was pro-
grammed off in some), and the lack of standardized med-
ical therapy. In the Vasovagal Pacemaker Study II, which is
now under way, all patients are randomly assigned to
receive pacemakers with effect-pacing mode or no-pacing
mode. Guidelines from the American College of Cardiol-
ogy and the American Heart Association suggest a class IIb
indication for pacing in patients who experience vasovagal
syncope in the presence of significant bradycardia repro-
duced by a head-up tilt with or without isoproterenol or
other provocative maneuvers (90). For treatments with a
class II indication, conflicting evidence or divergent opin-
ions exist about usefulness or efficacy. A class IIb indication
denotes less supporting evidence and opinion.

Figure 4. Clinical guidelines for vasovagal syncope therapy.

Blood pressure and heart rate values are typical baseline ambulatory values, not the values documented during tilt-table testing.
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As these findings show, the clinician must rely on less
than optimally designed studies for guidance in treating
vasovagal syncope. In our group, we have broad guidelines
for treatment, which are summarized in Table 3. Blockers
that may interfere with the Bezold–Jarisch reflex are the
first-line choice because of their antagonistic actions to cat-
echolamines; however, although this choice is logical, it is
not proven. Blockers remain widely used because of their
relatively low-risk pharmacologic profile. In patients with
borderline low blood pressure who may be subject to
symptomatic orthostasis, fludrocortisone, midodrine, and
compression hose are often used initially. Patients with
substantial resting bradycardia may benefit from anticho-
linergic agents, such as propantheline (Figure 4). The du-
ration of pharmacologic therapy should be determined on
an individual basis. A conservative, nondrug approach
should be considered in patients with infrequent occur-
rences and recognizable premonitory symptoms. For pa-
tients with frequent and clustered occurrences, a 6- to 12-
month trial of pharmacologic therapy seems reasonable.
The role of pacing is unclear at this time, and the results of
Vasovagal Pacemaker Study II are eagerly awaited.

The success of therapy for vasovagal syncope is similar
to that for other chronic cardiac diseases, such as atrial
fibrillation, because it is often measured by reduced sever-
ity and frequency of symptoms rather than by total eradi-
cation of symptoms. It is helpful to inform the patient
ahead of time that complete resolution of symptoms is
often not possible and that a satisfactory end point may be
reduced frequency or severity or a longer prodromal pe-
riod. Finally, the role of counseling for avoidance of
prosyncopal behavior cannot be overemphasized. Patients
should be given information on orthostatic changes and
should be told to avoid situations that may result in vol-
ume depletion. In addition, all patients, especially those
who are elderly, should be advised of the effects that
common drugs (including alcohol, diuretics, b-adrenergic
blockers, angiotensin-converting enzyme inhibitors, nitrates,
sildenafil, tricyclic antidepressants, and others) may have
on syncope.
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