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Neurocardiogenic syncope and associated conditions:
insight into autonomic nervous system dysfunction

Norokardiyojenik senkop ve iligkili durumlar:
Otonomik sinir sistemi iglev bozukluguna bir bakis

Antoine Kossaify, M.D., Kamal Kallab, M.D.

Department of Syncope and Electrophysiology, ND Secours/USEK University Hospital, Byblos, Lebanon

Summary- Neurocardiogenic syncope is known to be asso-
ciated with autonomic nervous system dysfunction, although
the mechanism has not been entirely elucidated. In this study,
we sought to highlight the pathogenic role of the autonomic
nervous system in neurocardiogenic syncope and to review
the associated co-morbidities known to have a dysautonomic
basis. Herein we discuss migraine, orthostatic hypotension,
postural orthostatic tachycardia syndrome, endothelial dys-
function, chronic fatigue syndrome, and carotid sinus hyper-
sensitivity with a focus on the pathogenic role of the autonom-
ic nervous system and any consecutive clinical implications.
Other conditions, such as pre-syncopal heart rate acceleration
and/or instability and pre-syncopal breathing instability, which
occur during a tilt test, are discussed in the same perspective.

Patients presenting with syncope are often diffi-
cult to manage, especially if the episode was not
witnessed. Neurocardiogenic syncope (NCS) is the
most frequent cause of syncope, and treatment strate-
gies are based on an incomplete understanding of its
pathophysiology, although autonomic nervous system
(ANS) dysfunction is known to be a major determi-
nant.[!]

During a sustained upright posture under normal
conditions, the decrease in venous return triggers a re-
flex sympathetic reaction that is counteracted by a bal-
anced vagal reaction. Complex interactive processes
involving cardiac output, peripheral vascular resis-
tance, mean arterial pressure, metabolic factors, intra-
vascular blood volume, and cerebrovascular resistance
(with its intrinsic auto-regulation) maintain cerebral

Ozet— Norokardiyojenik senkopun mekanizmasi hala tam ola-
rak aydinlatilamamasina ragmen otonom sinir sistemi islev
bozuklugu ile iligkili oldugu bilinmektedir. Bu yazida norokardi-
yojenik senkop patogenezinde otonom sinir sisteminin roluni
destekleyen en goze carpici konulari arastirirken, temelinde
otonom sinir sistemi bozuklugunun oldugu bilinen komorbid
durumlari da gdzden gegidik. Bu amagla otonom sinir siste-
minin patogenezdeki rolu ve klinik ¢ikarimlari Uzerine odak-
lanarak migren, ortostatik hipotansiyon, postural ortostatik
tasikardi sendromu, endotel islev bozuklugu, kronik yorgunluk
sendromu ve karotis sinUs hipersensitivitesi tartisildi. Tilt testi
sirasinda ortaya ¢ikabilen senkop dncesi kalp atimlarinda hiz-
lanma ve/veya instabilite ve senkop dncesi instabil solunum
gibi durumlar da ayni perspektif icinde tartisildi.

perfusion. A clinically sig-
nificant deficiency in one

ANS  Autonomic nervous system
Oor more Of these Pprocesses  yes Neurocardiogenic syncope
may lead to syncope.!!

Abbreviations:

Current knowledge about the pathophysiology of
NCS is still limited, although there are often common
triggering factors such as excessive pain, heat, or fear,
which are known to initiate an intense sympathetic re-
action. In addition, orthostatis has been suggested as
a main triggering factor, which leads to a reduction in
venous return and activates the mechanoreceptors of
the heart, resulting in vigorous myocardial contrac-
tion in relatively underfilled cardiac chambers. This
process leads to a sudden reduction in the sympathetic
tone as well as to parasympathetic overdrive, which
precipitates the Bezold-Jarisch reflex, resulting in

Received: July 22, 2012 Accepted: November 28, 2012
Correspondence: Antoine Kossaify, M.D. Chu-Nds-HND Secours Hospital, Jbeil PoB 3, Byblos, Lebanon.
Tel: +00 961 323 20 46 e-mail: antoinekossaify @yahoo.com
© 2013 Turkish Society of Cardiology



76

Tirk Kardiyol Dern Ars

severe hypotension and/or bradycardia.*¥ Vaddadi
et al.¥ reported that there are many sympathetic ner-
vous system phenotypes at the electrical, neurochemi-
cal, and cellular level in patients with recurrent NCS.
Interestingly, they found a subnormal norepinephrine
spillover during tilt testing in patients with low supine
systolic blood pressure (<100 mmHg).

Many medical conditions have a physiopatho-
logical basis related to autonomic dysfunction. Some
forms of NCS are known to be correlated with ortho-
static hypotension and postural orthostatic tachycar-
dia syndrome,” while some forms of migraine are
also known to be associated with NCS.!! The occur-
rence of pre-syncopal breathing instability!”! and heart
rate acceleration during a tilt test have been associated
with test positivity.®? Fatigue is frequently encoun-
tered in patients experiencing syncope and postural
orthostatic tachycardia syndrome.l'? In light of this,
we hypothesize that ANS dysfunction represents a
common etiopathogenic mechanism for many con-
ditions, and accordingly, we sought to review and
discuss autonomic dysfunction in the setting of NCS
when associated with each of these conditions.

Autonomic dysfunction and NCS

NCS is defined as a syndrome in which the triggering
of aneural reflex typically results in a self-limited epi-
sode of systemic hypotension characterized by both
bradycardia (asystole or relative bradycardia) and
peripheral vasodilation.l'"!?] Knowing the patient’s
medical history remains a key diagnostic issue in the
clinical approach to patients presenting with syncope
of unknown origin,!3! and can also be used to identify
associated conditions (e.g., migraine, orthostatic hy-
potension, depression) that may help in the assess-
ment of NCS. Many tests (e.g., handgrip test, ortho-
static presser response, Valsalva test, deep breathing
test, postural test, heart rate variability) are available
to assess autonomic function,!'*! although head-up
tilt testing remains the most clinically useful test for
evaluating patients suspected to have NCS.

Head-up tilt testing is simple to perform, but has
many limitations and lacks a uniform standardized
protocol.'!'"l By triggering syncopal episodes in
a controlled atmosphere, this test has allowed for a
greater understanding of the mechanism of NCS and
associated ANS dysfunction.' Many protocols for
the tilt test have been proposed,!'” including the West-

minster Protocol, which favors prolonged passive tilt-
ing,?% and the Minneapolis®?!! and Italian protocols,
which use Nitroglycerin.?>?*! There is substantial evi-
dence that the Italian protocol considerably increases
the yield of tilt testing without significantly increasing
false positive rates,!**! while isoproterenol provoca-
tion (Minneapolis) significantly increases the yield of
false positive results, making its use on a routine basis
questionable.?*

Three types of hemodynamic responses during
tilt tests have been described:™! type 1, the classic
vasovagal syncope pattern, which happens when an
initial rapid and compensatory reflex adaptation to an
upright position occurs (reflex tachycardia) followed
by a steady-state condition with minimal decrease of
tachycardia, until the abrupt onset of syncope; type
2, the dysautonomic vasovagal pattern, which occurs
when the reflex tachycardia and adaptation to an up-
right position are absent, with a progressive fall in
blood pressure until the occurrence of syncope; and
type 3, the orthostatic intolerance pattern, which hap-
pens when a minimal progressive fall in blood pressure
occurs similar to type 2, but without the occurrence of
syncope. The clinical relevance of pre-syncope with-
out bradyarrhythmias during tilt tests is still question-
able, especially after nitroglycerin provocation.l*®!
Similarly, when a cardioinhibitory reaction occurs,
different types of arrhythmias may be observed (sinus
bradycardia, sinus arrest, junctional rhythm, or vari-
able degree of atrioventricular block) and therefore
the relevance of these arrhythmias is questionable
when they are not associated with syncope.?” All of
these phenomena explain the substantial variations in
the diagnostic yield of the head-up tilt test,*®! which is
mainly related to the functional and dynamic pattern
of the ANS, which may modulate each individual’s
susceptibility to exhibit NCS.?]

NCS and associated conditions

a) Orthostatic hypotension

Orthostatic hypotension is defined as a decrease in
systolic blood pressure of at least 20 mm hg or a de-
crease in diastolic blood pressure of at least 10 mm
hg within 3 minutes of standing or a head-up tilt of at
least 60 degrees.['!] Tt has been well established that
orthostatic hypotension is correlated with ANS dys-
function (functional or organic), and when prolonged
and severe, may lead to syncope.*” The decrease in



Neurocardiogenic syncope and associated conditions

77

blood pressure results from the inability of the ANS
to achieve appropriate reflex vasoconstriction and
tachycardia during orthostatism. Orthostatic hypoten-
sion is more prevalent in the elderly because of the
frequent decrease in physiological functions such as
baroreceptor sensitivity, accordingly when orthostasis
is prolonged and non compensated, it may lead to pre-
syncope or syncope.

It is important to distinguish between reflex vaso-
vagal syncope with abrupt vasodepressive reaction*!
and the dysautonomic response due to orthostatic
hypotension, which is characterized by a gradual
and progressive decrease in blood pressure that may
ultimately lead to syncope. Sympathetic efferent ac-
tivity is chronically impaired and vasoconstriction
is deficient upon standing in autonomic failure that
leads to orthostatic hypotension. Conversely, in pa-
tients with NCS, the failure of the efferent sympa-
thetic system is functional and occurs episodically in
response to a trigger.*”! Although they have distinct
pathophysiological mechanisms, both dysautonomic
and reflex syncope are often designated as NCS.P!
Nevertheless, adequate knowledge and an accurate
diagnosis are critical for the management of each of
these vasodepressive orthostatic disorders.

Patients with primary autonomic failure may re-
quire extensive autonomic function tests and should
be seen by a neurologist. Their symptoms can be man-
aged by increasing their salt and water intake. Patients
with reflex syncope can sometimes be managed with
a lifestyle change along with tilt training and may not
initially need medical therapy. The objective of tilt
training is to increase the patient’s orthostatic toler-
ance and to raise his/her syncope threshold by modu-
lating ANS reactivity to orthostatic stress.

b) Postural orthostatic tachycardia syndrome

Postural orthostatic tachycardia syndrome is defined
as the presence of orthostatic intolerance symptoms
for at least 6 months. These symptoms consist of a
persistent heart rate acceleration of at least 30 beats
per minute within 5 to 30 minutes upon assuming an
upright posture in the absence of any secondary cause
of tachycardia.**! Dysautonomia is well-known to be
implicated in the pathogenesis of this syndrome.!

In a study conducted on young patients’®! with
chronic fatigue syndrome and postural orthostatic

tachycardia syndrome, most of the patients were re-
ported to have a positive tilt test, orthostatic tachy-
cardia, and ANS dysfunction (characterized by de-
creased vagal baroreflex and potentiated sympathetic
vasomotion).

In subjects suffering from NCS, an increase in
cardiac and vascular sympathetic tone has been docu-
mented during orthostatism in the prodromal phase
followed by an increase in vagal activity leading to
exaggerated bradycardia/hypotension.*! In addition,
patients with orthostatic intolerance and postural
orthostatic tachycardia may have a prolonged pre-
syncopal phase during which the sympathetic nerve
exhibits high activity.l*”

Stewart et al.’¥ reported that patients with postural
orthostatic tachycardia syndrome had a markedly in-
creased heart rate, unstable blood pressure, and ab-
normal blood pooling in the lower extremities during
orthostatic stress. Conversely, patients with organic
autonomic failure had a persistent global dysautono-
mia (both sympathetic and vagal) that is independent
of body posture. In this setting, beta-blockers should
be an efficient treatment for both postural orthostatic
tachycardia and NCS.

¢) Migraine

Migraine is a condition characterized by recurring
headaches, usually affecting one side of the head. Mi-
graines have a multifactorial etiology, and dysautono-
mia has been suggested as a main etiologic factor.”! A
link between migraine and NCS has been reported.

In a study to assess ANS dysfunction in patients
with migraine,*” the patients underwent many tests
(Valsalva maneuver, sustained handgrip, cold press-
er test, head-up tilt test, deep breathing) and it was
concluded that subjects suffering from migraine with
aura had resting supine sympathetic hypofunction and
intact parasympathetic function. More importantly,
their sympatho-vagal imbalance was increased with
head-up tilt.

Benjelloun et al.*!! reported that patients with mi-
graine had a vagal hyperactivity and a deficiency of
the alpha sympathetic system. He also reported that
the dynamic fluctuations in ANS contribute to the de-
velopment of aura and associated symptoms in mi-
graine (e.g., phonophobia, photophobia, nausea and
diarrhea). Endothelial dysfunction has been com-
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monly described in patients suffering from migraine,
but whether it is a consequence!? or a causal factor*!
is still controversial.**#! From the clinical point of
view, the association between migraine, endothelial
dysfunction, and NCS should raise the issue of treat-
ments used to protect endothelial function such as
beta-blockers (also efficient on migraine) and angio-
tensin-converting enzyme inhibitors.

d) Breathing instability

Respiratory sinus arrhythmia is due to continuous
and phasic alterations in the membrane potentials of
pre-ganglionic autonomic motoneurons.*?! Breath-
ing instability is a poorly defined breathing pattern
that consists of variable breathing cycles and/or am-
plitude, which may be triggered by stress or anxiety.
Porta et al.["! reported that breathing instability occurs
frequently during the pre-syncopal phase of a head-
up tilt test, and that it consists mainly of a polypneic
irregular breathing pattern. The resulting hypocapnia
impairs middle cerebral artery flow, thus facilitat-
ing the onset of syncope. Lipsitz et al.l*”! reported
that during tilt testing, non-syncopal subjects had no
change in respiratory dynamics during matched time
periods of pre-syncope when compared with synco-
pal subjects. Accordingly, breathing instability may
facilitate syncope. Ocon et al.¥ reported that the loss
of the cardiovagal baroreflex along with thoracic hy-
povolemia is supplanted by respiratory reflexes with
hyperpnea and breathing instability, which facilitates
the occurrence of syncope.

Breathing instability during the pre-syncopal
phase of the tilt test is a frequently reported phenom-
enon. The involvement of ANS in this phenomenon
is obvious, and there is growing evidence suggest-
ing that fluctuations of arterial pressure during pre-
syncope result from the influence of respiration on
sympathetic and vagal motoneurons.*”’ Some inves-
tigatorsP®® have reported variable changes in respira-
tory patterns preceding symptoms of orthostatic intol-
erance, and these alterations often precede syncope.
Other authors®! reported that breathing instability
during the pre-syncopal phase can cause baroreflex
failure, which facilitates syncope.

The exact mechanism of breathing instability is
poorly understood. However, there is growing evi-
dence that it is related to ANS tone fluctuations,” and
that it occurs in response to increased arterial CO, >

with a marked accentuation of sympathetic tone (pre-
syncopal phase) followed by a sudden shift of control
to vagal tone (syncopal phase). During the pre-syn-
copal phase of the tilt test, there is a cerebral vaso-
constriction,** which leads to a decrease in cerebral
flow with a rise of arterial CO, triggering an abnor-
mal breathing pattern and breathing instability. From
the clinical point of view, the occurrence of breathing
instability during the tilt test indicates the imminent
occurrence of syncope. This allows the physician and
personnel to be prepared to intervene adequately and
promptly.

e) Heart rate acceleration, instability,
and variability

Heart rate variability is a useful tool for the noninva-
sive evaluation of ANS activity. Abnormal heart rate
variability is known to be related to ANS dysfunction,
and this finding can help to predict the positivity of tilt
testing.l** In patients with NCS, the analysis of mark-
ers for ANS activity has shown an increased sympa-
thetic tone with diminished or preserved parasympa-
thetic activity just before the onset of syncope.’®*]

Many authors® have demonstrated that the analy-
sis of heat rate variability allows one to predict tilt test
results during the five minutes preceding the onset of
syncope. Other authors™ reported that results of the
tilt test can be predicted by analyzing the spectral pa-
rameters of heart rate variability during the first five
minutes of the test. Mallat et al.® reported that an early
sustained increase in heart rate during the first 6 min-
utes of the tilt test had a significant positive predictive
value, while Lippman et al.’” reported that the absence
of a decrease in RMSSD (root mean square standard
deviation) in response to orthostatic stress had 100%
specificity and 41% sensitivity for predicting a positive
test result. Julu et al.’® described the phases of heart
rate instability during the pre-syncopal period of tilt
test as follows: after an initial heart rate acceleration
(phase 1), there is a persistent tachycardia (phase 2),
then heart rate instability (phase 3), followed by a car-
dioinhibitory response when syncope occurs (phase 4).

f) Endothelial dysfunction, carotid sinus
hypersensitivity, and baroreceptor control

Tan et al.®”! found that carotid sinus hypersensitivity
and orthostatic hypotension are likely to co-exist in
individuals with positive tilt testing. More interesting-
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ly, they reported that subjects with carotid sinus hy-
persensitivity had a significantly greater trend toward
dysautonomic responses during tilt testing, and that
this finding could be the result of an age-associated
delay in sympathetic responses.

In a population with a mean age of 60£18 years
presenting with syncope of unknown origin, Brignole
et al.[* found that carotid sinus syndrome - when per-
formed both in the supine and in the standing posi-
tion- was positive in 49% of cases and that the tilt test
was positive in 48%. The authors therefore suggested
that a common underlying neuroautonomic mecha-
nism is present.

During orthostatic stress, an increase in the reflex
sensitivity of the carotid baroreceptor plays an im-
portant role in maintaining adequate blood pressure.
Failure of this baroreflex orthostatic modulation may
be involved in the pathogenic process of NCS.!! The
male gender and increasing age were found to be in-
dependent factors of an increased likelihood of abnor-
mal carotid sinus sensitivity.[®? The endothelin system
is important for the regulation of cardiovascular ho-
meostasis, and studies!®! have shown that endothelial
function is strongly involved in the pathogenesis of
NCS. Also, polymorphism of the 3A/4A gene coding
for endothelin 1 has been found to predispose patients
to syncope.[*!

Endothelial dysfunction is known to be involved in
the pathogenesis of at least some forms of migraine.
(44451 Carotid sinus hyper- or hypo-sensitivity!®> in the
elderly may simply be related to endothelial dysfunc-
tion, and this issue has important implications for the
management of NCS in atherosclerotic patients.[*¢!
Reduced carotid sinus compliance in arteriosclerotic
patients may reduce afferent impulse in the barore-
flex pathway, and this “relative deafferentation” may
cause baroreflex postsynaptic hypersensitivity.[6!

Prolonged bed rest or any other condition causing
a status of “weightlessness” may cause cardiovascular
deconditioning, associating orthostatic intolerance, an
increase in resting heart rate, and a decrease in physi-
cal capability. This phenomenon is due to a tempo-
rary impairment of endothelial function at the level of
microcirculation, and is also a result of a significant
decrease in the sensitivity of the spontaneous barore-
flex.[67)

From the clinical point of view, when making a

diagnosis of NCS in the elderly, it is essential to keep
in mind that atherosclerotic changes in carotids and
endothelial dysfunction affect the baroreceptors. This
may play a significant role in the pathogenesis and
severity of NCS, and management should accordingly
target the involved processes.[¥!

g) Other conditions associated with autonomic
dysfunction

Many cardiac pathologies such as Brugada syndrome,
atrial fibrillation, and long QT syndrome may be as-
sociated with autonomic nervous dysfunction. The
main clinical hallmark of Brugada syndrome is the
occurrence of polymorphic ventricular arrhythmias in
the resting state and during sleep when the vagal tone
is dominant. Also, ECG signs of Brugada syndrome
may be unmasked or intensified by vagal stimulation.
NCS has been described in patients with Brugada
syndrome,'®! and there is increasing evidence that au-
tonomic dysfunction contributes significantly to the
arrhythmogenesis in the disease. New prognostic in-
formation with potential impact on the refinement of
risk stratification and treatment algorithms in Brugada
syndrome remains to be determined, and the proposed
autonomic tests to identify patients at high risk are
still undeveloped.!”

Syncope in the setting of long QT syndrome is de-
finitively a red flag, nevertheless data suggest that the
vast majority of syncopal episodes in these patients
are caused by NCS. ANS dysfunction has already been
demonstrated in patients with long QT syndrome, but
whether these patients exhibit more NCS than the
general population remains to be demonstrated.”!-’
Finally, datal”>" suggest that episodes of paroxysmal
atrial fibrillation are provoked by changes in auto-
nomic tone, and that abnormal heart rate variability is
associated with autonomic imbalance and paroxysmal
atrial fibrillation.”

Other conditions have been described in the set-
ting of orthostatic intolerance and NCS, and these
may be due to the expression of autonomic dysfunc-
tion and/or the consequence of the related psycho-
somatic effect.l’®’”) Chronic fatigue syndrome!'®”! is
frequently reported in patients subject to NCS, and
it may be related to functional hemodynamic insta-
bility, such as postural tachycardia syndrome and/
or orthostatic intolerance. Other symptoms preced-
ing NCS or encountered during NCS and related to



80

Tirk Kardiyol Dern Ars

ANS dysfunction may consist of diaphoresis, nausea,
dysphonia, light-headedness, blurring of vision, and
tremulousness.’”” Patients subject to NCS may also
exhibit significant levels of anxiety, depression and
pessimism. Whether these psychological profiles are
a consequence of or simply co-morbid conditions has
not been completely elucidated.®”

Some prodromal symptoms are useful in predict-
ing the trend of NCS progression. For example, the
occurrence of diaphoresis in the prodromal phase
predicts more syncopal or pre-syncopal spells during
follow-up.!! Finally, for management implications,
and given the functional rather than organic pattern of
ANS dysfunction in this setting, tilt training has been
shown to be effective, and must be considered in the
majority of patients before the initiation of medical
therapy.®?

Conclusion

In this review, we focused on the role of ANS in the
pathogenesis of NCS and associated conditions. This
may open new areas for future research in the man-
agement of NCS and associated conditions, which
could improve the quality of life for patients.

Postural orthostatic syndromes, migraine, endo-
thelial dysfunction, abnormal heart rate variability,
and chronic fatigue syndrome are co-morbidities with
potential dysautonomic etiology that are frequently
encountered in patients with NCS. There is a wide
heterogeneity of etiopathogenic factors underlying
NCS and its associated co-morbidities. However,
ANS dysfunction is a common pathway that should
be regarded as dynamic and functional rather than as
static and as an organic phenomenon in this setting.
This issue is critical for better diagnosis and manage-
ment of NCS and its associated conditions.
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