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

Nörokardiyojenik senkop ve ilişkili durumlar: 
Otonomik sinir sistemi işlev bozukluğuna bir bakış

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

Özet– Nörokardiyojenik senkopun mekanizması hala tam ola-
rak aydınlatılamamasına ragmen otonom sinir sistemi işlev 
bozukluğu ile ilişkili olduğu bilinmektedir. Bu yazıda nörokardi-
yojenik senkop patogenezinde otonom sinir sisteminin rolünü 
destekleyen en göze çarpıcı konuları araştırırken, temelinde 
otonom sinir sistemi bozukluğunun olduğu bilinen komorbid 
durumları da gözden geçidik. Bu amaçla otonom sinir siste-
minin patogenezdeki rolü ve klinik çıkarımları üzerine odak-
lanarak migren, ortostatik hipotansiyon, postüral ortostatik 
taşikardi sendromu, endotel işlev bozukluğu, kronik yorgunluk 
sendromu ve karotis sinüs hipersensitivitesi tartışıldı. Tilt testi 
sırasında ortaya çıkabilen senkop öncesi kalp atımlarında hız-
lanma ve/veya instabilite ve senkop öncesi instabil solunum 
gibi durumlar da aynı perspektif içinde tartışıldı.
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atients 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.[1] 

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 

perfusion. A clinically sig-
nificant deficiency in one 
or more of these processes 
may lead to syncope.[1]

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 
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severe hypotension and/or bradycardia.[2,3] Vaddadi 
et al.[4] 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,[5] while some forms of migraine are 
also known to be associated with NCS.[6] The occur-
rence of pre-syncopal breathing instability[7] and heart 
rate acceleration during a tilt test have been associated 
with test positivity.[8,9] Fatigue is frequently encoun-
tered in patients experiencing syncope and postural 
orthostatic tachycardia syndrome.[10] 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 a neural reflex typically results in a self-limited epi-
sode of systemic hypotension characterized by both 
bradycardia (asystole or relative bradycardia) and 
peripheral vasodilation.[11,12] Knowing the patient’s 
medical history remains a key diagnostic issue in the 
clinical approach to patients presenting with syncope 
of unknown origin,[13] 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,[14,15] 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.[16,17] 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.[18] Many protocols for 
the tilt test have been proposed,[19] including the West-

minster Protocol, which favors prolonged passive tilt-
ing,[20] and the Minneapolis[21] and Italian protocols, 
which use Nitroglycerin.[22,23] There is substantial evi-
dence that the Italian protocol considerably increases 
the yield of tilt testing without significantly increasing 
false positive rates,[23] while isoproterenol provoca-
tion (Minneapolis) significantly increases the yield of 
false positive results, making its use on a routine basis 
questionable.[24]

Three types of hemodynamic responses during 
tilt tests have been described:[25] 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.[26] 
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.[27] All of 
these phenomena explain the substantial variations in 
the diagnostic yield of the head-up tilt test,[28] which is 
mainly related to the functional and dynamic pattern 
of the ANS, which may modulate each individual’s 
susceptibility to exhibit NCS.[29] 

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.[11] It 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.[30] The decrease in 
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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[31] 
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.[32] Although they have distinct 
pathophysiological mechanisms, both dysautonomic 
and reflex syncope are often designated as NCS.[33] 
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.[34] Dysautonomia is well-known to be 
implicated in the pathogenesis of this syndrome.[5] 

In a study conducted on young patients[35] 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.[36] 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.[37] 

Stewart et al.[38] 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. 

c) 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.[39] A 
link between migraine and NCS has been reported.[6]

In a study to assess ANS dysfunction in patients 
with migraine,[40] 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.[41] 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[42] or a causal factor[43] 
is still controversial.[44,45] 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.[46] 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.[7] 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.[47] 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.[48] 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.[49] Some inves-
tigators[50] have reported variable changes in respira-
tory patterns preceding symptoms of orthostatic intol-
erance, and these alterations often precede syncope. 
Other authors[51] 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,[7] and 
that it occurs in response to increased arterial CO2

[52] 

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,[53,54] which leads to a decrease in cerebral 
flow with a rise of arterial CO2 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.[55] 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.[8,9] 

Many authors[56] 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[55] 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.[8] 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.[57] 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.[58] 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.[59] 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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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.[68]

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,[69] 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.[70]

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.[71,72] 
Finally, data[73,74] 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.[75]

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.[76,77] Chronic fatigue syndrome[10,78] 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 

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.[60] 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.[61] The 
male gender and increasing age were found to be in-
dependent factors of an increased likelihood of abnor-
mal carotid sinus sensitivity.[62] The endothelin system 
is important for the regulation of cardiovascular ho-
meostasis, and studies[63] 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.[64] 

Endothelial dysfunction is known to be involved in 
the pathogenesis of at least some forms of migraine.
[44,45] Carotid sinus hyper- or hypo-sensitivity[65] 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.[43,66] 
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.[66]

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 
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ANS dysfunction may consist of diaphoresis, nausea, 
dysphonia, light-headedness, blurring of vision, and 
tremulousness.[77,79] 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.[80]

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.[81] 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.[82]

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.

Conflict-of-interest issues regarding the authorship or 
article: None declared

REFERENCES

1. Moya A, Sutton R, Ammirati F, Blanc JJ, Brignole M, Dahm 
JB, et al. Guidelines for the diagnosis and management of 
syncope (version 2009). Eur Heart J 2009;30:2631-71. 

2. Abi-Samra F, Maloney JD, Fouad-Tarazi FM, Castle LW. The 
usefulness of head-up tilt testing and hemodynamic investiga-
tions in the workup of syncope of unknown origin. Pacing 
Clin Electrophysiol 1988;11:1202-14.

3. Brignole M. Neurally-mediated syncope. Ital Heart J 
2005;6:249-55.

4. Vaddadi G, Guo L, Esler M, Socratous F, Schlaich M, Chopra 
R, et al. Recurrent postural vasovagal syncope: sympathetic 
nervous system phenotypes. Circ Arrhythm Electrophysiol 
2011;4:711-8.

5. Kanjwal K, Sheikh M, Karabin B, Kanjwal Y, Grubb BP. Neu-
rocardiogenic syncope coexisting with postural orthostatic 
tachycardia syndrome in patients suffering from orthostatic 
intolerance: a combined form of autonomic dysfunction. Pac-
ing Clin Electrophysiol 2011;34:549-54. 

6. Daas A, Mimouni-Bloch A, Rosenthal S, Shuper A. Familial 
vasovagal syncope associated with migraine. Pediatr Neurol 
2009;40:27-30.

7. Porta C, Casucci G, Castoldi S, Rinaldi A, Bernardi L. In-
fluence of respiratory instability during neurocardiogenic 
presyncope on cerebrovascular and cardiovascular dynamics. 
Heart 2008;94:1433-9.

8. Mallat Z, Vicaut E, Sangaré A, Verschueren J, Fontaine G, 
Frank R. Prediction of head-up tilt test result by analysis of 
early heart rate variations. Circulation 1997;96:581-4.

9. Morillo CA, Klein GJ, Jones DL, Yee R. Time and frequency 
domain analyses of heart rate variability during orthostatic 
stress in patients with neurally mediated syncope. Am J Car-
diol 1994;74:1258-62.

10. Naschitz JE, Sabo E, Naschitz S, Rosner I, Rozenbaum M, 
Fields M, et al. Hemodynamics instability score in chronic fa-
tigue syndrome and in non-chronic fatigue syndrome. Semin 
Arthritis Rheum 2002;32:141-8.

11. Freeman R, Wieling W, Axelrod FB, Benditt DG, Benarroch 
E, Biaggioni I, et al. Consensus statement on the definition of 
orthostatic hypotension, neurally mediated syncope and the 
postural tachycardia syndrome. Clin Auton Res 2011;21:69-
72.

12. Grubb BP. Syndromes of autonomic dysfunction associated 
with orthostatic intolerance. [Article in Japanese] J UOEH 
2000;22:19-31. 

13. Morillo CA. Evidence-based common sense: the role of clini-
cal history for the diagnosis of vasovagal syncope. Eur Heart 
J 2006;27:253-4.

14. Sanchez Gelós DF, Otero-Losada ME, Azzato F, Milei J. 
Morning surge, pulse wave velocity, and autonomic function 
tests in elderly adults. Blood Press Monit 2012;17:103-9. 

15. May O, Arildsen H. Simple function tests for autonomic neu-
ropathy have a higher predictive value on all-cause mortality 
in diabetes compared to 24-h heart rate variability. J Diabetes 
Complications 2012;26:246-50. 

16. Grubb BP, Kosinski D. Tilt table testing: concepts and limita-
tions. Pacing Clin Electrophysiol 1997;20:781-7.

17. Benditt DG, Ferguson DW, Grubb BP, Kapoor WN, Kugler 
J, Lerman BB, et al. Tilt table testing for assessing syn-
cope. American College of Cardiology. J Am Coll Cardiol 
1996;28:263-75.



Neurocardiogenic syncope and associated conditions 81

39Q.
32. Kaufmann H. Neurally mediated syncope and syncope due to 

autonomic failure: differences and similarities. J Clin Neuro-
physiol 1997;14:183-96.

33. Grubb BP, Kosinski D. Dysautonomic and reflex syncope 
syndromes. Cardiol Clin 1997;15:257-68.

34. Raj SR. The Postural Tachycardia Syndrome (POTS): patho-
physiology, diagnosis & management. Indian Pacing Electro-
physiol J 2006;6:84-99.

35. Stewart JM. Autonomic nervous system dysfunction in ado-
lescents with postural orthostatic tachycardia syndrome and 
chronic fatigue syndrome is characterized by attenuated vagal 
baroreflex and potentiated sympathetic vasomotion. Pediatr 
Res 2000;48:218-26.

36. Furlan R. Tilt test and orthostatic intolerance: abnormalities 
in the neural sympathetic response to gravitational stimulus. 
[Article in Italian] Ital Heart J Suppl 2001;2:484-90.

37. Furlan R, Piazza S, Dell’Orto S, Barbic F, Bianchi A, Mai-
nardi L, et al. Cardiac autonomic patterns preceding occa-
sional vasovagal reactions in healthy humans. Circulation 
1998;98:1756-61.

38. Stewart JM, Weldon A. Contrasting neurovascular findings 
in chronic orthostatic intolerance and neurocardiogenic syn-
cope. Clin Sci (Lond) 2003;104:329-40.

39. Thomsen LL, Olesen J. The autonomic nervous system and 
the regulation of arterial tone in migraine. Clin Auton Res 
1995;5:243-50.

40. Mosek A, Novak V, Opfer-Gehrking TL, Swanson JW, 
Low PA. Autonomic dysfunction in migraineurs. Headache 
1999;39:108-17.

41. Benjelloun H, Birouk N, Slaoui I, Coghlan L, Bencheikh BO, 
Jroundi I, et al. Autonomic profile of patients with migraine. 
Neurophysiol Clin 2005;35:127-34.

42. Rossato A, Veronese F, Maggioni F, Vedovetto V, Zancan A, 
Biasiolo M, et al. Autonomic dysfunction and endothelial 
changes in migraine sufferers. Panminerva Med 2011;53:13-
8.

43. Hamed SA, Hamed EA, Ezz Eldin AM, Mahmoud NM. Vas-
cular risk factors, endothelial function, and carotid thickness 
in patients with migraine: relationship to atherosclerosis. J 
Stroke Cerebrovasc Dis 2010;19:92-103.

44. Tietjen GE. The role of the endothelium in migraine. Cepha-
lalgia 2011;31:645-7.

45. Vanmolkot FH, de Hoon JN. Endothelial function in migraine: 
a cross-sectional study. BMC Neurol 2010;10:119.

46. Eckberg DL. The human respiratory gate. J Physiol 
2003;548:339-52.

47. Lipsitz LA, Hayano J, Sakata S, Okada A, Morin RJ. Com-
plex demodulation of cardiorespiratory dynamics preceding 
vasovagal syncope. Circulation 1998;98:977-83.

48. Ocon AJ, Medow MS, Taneja I, Stewart JM. Respiration 
drives phase synchronization between blood pressure and 
RR interval following loss of cardiovagal baroreflex dur-

18. Ambrosi P, Djiane P, Durand JM, Harle JR, Donnet A, Pa-
ganelli F, et al. Value and limits of the tilt-test in the etio-
logical diagnosis of transient malaise. Arch Mal Coeur Vaiss 
1992;85:345-50.

19. Fitzpatrick AP, Zaidi A. Tilt methodology in reflex syncope: 
emerging evidence. J Am Coll Cardiol 2000;36:179-80.

20. Fitzpatrick A, Sutton R. Tilting towards a diagnosis in recur-
rent unexplained syncope. Lancet 1989;1:658-60.

21. Almquist A, Goldenberg IF, Milstein S, Chen MY, Chen XC, 
Hansen R, et al. Provocation of bradycardia and hypotension 
by isoproterenol and upright posture in patients with unex-
plained syncope. N Engl J Med 1989;320:346-51.

22. Raviele A, Menozzi C, Brignole M, Gasparini G, Alboni P, 
Musso G, et al. Value of head-up tilt testing potentiated with 
sublingual nitroglycerin to assess the origin of unexplained 
syncope. Am J Cardiol 1995;76:267-72.

23. Bartoletti A, Alboni P, Ammirati F, Brignole M, Del Rosso 
A, Foglia Manzillo G, et al. ‘The Italian Protocol’: a sim-
plified head-up tilt testing potentiated with oral nitroglyc-
erin to assess patients with unexplained syncope. Europace 
2000;2:339-42.

24. Kapoor WN, Brant N. Evaluation of syncope by upright tilt 
testing with isoproterenol. A nonspecific test. Ann Intern Med 
1992;116:358-63.

25. Brignole M, Menozzi C, Del Rosso A, Costa S, Gaggioli G, 
Bottoni N, et al. New classification of haemodynamics of 
vasovagal syncope: beyond the VASIS classification. Analy-
sis of the pre-syncopal phase of the tilt test without and with 
nitroglycerin challenge. Vasovagal Syncope International 
Study. Europace 2000;2:66-76.

26. Zyśko D, Gajek J, Koźluk E, Agrawal AK, Smereka J, 
Checiński I. Clinical relevance of syncope and presyncope 
induced by tilt testing. Acta Cardiol 2009;64:461-5.

27. Zyśko D, Gajek J, Agrawal AK, Rudnicki J. The relevance of 
junctional rhythm during neurocardiogenic reaction provoked 
by tilt testing. Kardiol Pol 2012;70:148-55.

28. Sagristà-Sauleda J, Romero-Ferrer B, Moya A, Permanyer-
Miralda G, Soler-Soler J. Variations in diagnostic yield of 
head-up tilt test and electrophysiology in groups of patients 
with syncope of unknown origin. Eur Heart J 2001;22:857-
65.

29. Kochiadakis GE, Kanoupakis EM, Rombola AT, Igoumenidis 
NE, Chlouverakis GI, Vardas PE. Reproducibility of tilt table 
testing in patients with vasovagal syncope and its relation to 
variations in autonomic nervous system activity. Pacing Clin 
Electrophysiol 1998;21:1069-76.

30. Medow MS, Stewart JM, Sanyal S, Mumtaz A, Sica D, Fr-
ishman WH. Pathophysiology, diagnosis, and treatment of 
orthostatic hypotension and vasovagal syncope. Cardiol Rev 
2008;16:4-20.

31. Bloomfield DM, Sheldon R, Grubb BP, Calkins H, Sutton R. 
Putting it together: a new treatment algorithm for vasovagal 
syncope and related disorders. Am J Cardiol 1999;84:33Q-



Türk Kardiyol Dern Arş82

ing vasovagal syncope. Am J Physiol Heart Circ Physiol 
2011;300:H527-40. 

49. Eckberg DL. Physiological basis for human autonomic 
rhythms. Ann Med 2000;32:341-9.

50. Richardson L, Topor Z, Bhakta D, McCaffrey F, Bruce E, 
Patwardhan A. Assessment of ventilatory sensitivity to car-
bon dioxide changes during orthostasis. Biomed Sci Instrum 
2002;38:301-5.

51. Lagi A, Cencetti S, Cartei A. What Happens before Synco-
pe? Study of the Time Frame Preceding Vasovagal Syncope. 
ISRN Cardiol 2011;2011:659787.

52. Younes M, Ostrowski M, Atkar R, Laprairie J, Siemens A, 
Hanly P. Mechanisms of breathing instability in patients with 
obstructive sleep apnea. J Appl Physiol 2007;103:1929-41.

53. Grubb BP, Gerard G, Roush K, Temesy-Armos P, Montford P, 
Elliott L, et al. Cerebral vasoconstriction during head-upright 
tilt-induced vasovagal syncope. A paradoxic and unexpected 
response. Circulation 1991;84:1157-64.

54. Silvani S, Padoan G, Guidi AR, Bianchedi G, Maresta A. 
Cerebral vasoconstriction in neurally mediated syncope: re-
lationship with type of head-up tilt test response. Ital Heart J 
2003;4:768-75. 

55. Duplyakov D, Golovina G, Sysuenkova E, Garkina S. Can 
the result of a tilt test be predicted in the first five minutes? 
Cardiol J 2011;18:521-6.

56. Grimm W, Wirths A, Hoffmann J, Menz V, Maisch B. Heart 
rate variability during head-up tilt testing in patients with sus-
pected neurally mediated syncope. Pacing Clin Electrophysiol 
1998;21:2411-5.

57. Lippman N, Stein KM, Lerman BB. Failure to decrease para-
sympathetic tone during upright tilt predicts a positive tilt-
table test. Am J Cardiol 1995;75:591-5.

58. Julu PO, Cooper VL, Hansen S, Hainsworth R. Cardiovascu-
lar regulation in the period preceding vasovagal syncope in 
conscious humans. J Physiol 2003;549:299-311.

59. Tan MP, Newton JL, Chadwick TJ, Parry SW. The relation-
ship between carotid sinus hypersensitivity, orthostatic hypo-
tension, and vasovagal syncope: a case-control study. Euro-
pace 2008;10:1400-5.

60. Brignole M, Menozzi C, Gianfranchi L, Oddone D, Lolli G, 
Bertulla A. Carotid sinus massage, eyeball compression, and 
head-up tilt test in patients with syncope of uncertain origin 
and in healthy control subjects. Am Heart J 1991;122:1644-
51.

61. Cooper VL, Hainsworth R. Effects of head-up tilting on baro-
receptor control in subjects with different tolerances to ortho-
static stress. Clin Sci (Lond) 2002;103:221-6.

62. Milton JC, Lee TC, Jackson SH. Determinants of a positive 
response to carotid sinus massage and head-up tilt testing. Eur 
J Intern Med 2009;20:709-11.

63. Lelonek M. Genetics in neurocardiogenic syncope. [Article in 
Polish] Przegl Lek 2006;63:1310-2.

64. Sorrentino S, Forleo C, Iacoviello M, Guida P, D’Andria V, 

Favale S. Endothelin system polymorphisms in tilt test-in-
duced vasovagal syncope. Clin Auton Res 2009;19:347-54. 

65. Madden KM, Lockhart C, Khan K. Arterial stiffness and the 
response to carotid sinus massage in older adults. Aging Clin 
Exp Res 2010;22:36-41. 

66. O’Mahony D. Pathophysiology of carotid sinus hypersensi-
tivity in elderly patients. Lancet 1995;346:950-2.

67. Coupé M, Fortrat JO, Larina I, Gauquelin-Koch G, Gharib 
C, Custaud MA. Cardiovascular deconditioning: From auto-
nomic nervous system to microvascular dysfunctions. Respir 
Physiol Neurobiol 2009;169:10-2. 

68. Schroeder C, Tank J, Heusser K, Diedrich A, Luft FC, Jor-
dan J. Physiological phenomenology of neurally-medi-
ated syncope with management implications. PLoS One 
2011;6:e26489. 

69. Hermosillo AG, Cárdenas M, Márquez MF, Vallejo M. Rela-
tion between Brugada syndrome, autonomic nervous sysytem 
and vasovagal syncope. [Article in Spanish] Arch Cardiol 
Mex 2008;78:7-10.

70. Wichter T. What role for autonomic dysfunction in Brugada 
Syndrome? Pathophysiological and prognostic implications. 
Europace 2008;10:782-3.

71. Olde Nordkamp LR, Wieling W, van Dijk N. Vasovagal syn-
cope as a cause of syncope in long-QT syndrome. J Am Coll 
Cardiol 2011;58:199-200.

72. Morita H, Yamanari H, Ohe T. Evaluation of autonomic ner-
vous activity in patients with congenital long QT syndrome by 
an analysis of RR variability. Jpn Circ J 1996;60:742-8.

73. de Castro RR, Mesquita ET, da Nobrega AC. Parasympathet-
ic-mediated atrial fibrillation during tilt test associated with 
increased baroreflex sensitivity. Europace 2006;8:349-51.

74. Kato H, Masutani S, Hoshiyama M, Shibuya K, Isoda T, Hishi 
T, et al. Neurally mediated syncope complicated with parox-
ysmal atrial fibrillation. Acta Paediatr Jpn 1996;38:695-8.

75. Lok NS, Lau CP. Abnormal vasovagal reaction, auto-
nomic function, and heart rate variability in patients with 
paroxysmal atrial fibrillation. Pacing Clin Electrophysiol 
1998;21:386-95.

76. Mack KJ, Johnson JN, Rowe PC. Orthostatic intolerance and 
the headache patient. Semin Pediatr Neurol 2010;17:109-16.

77. Ulas UH, Chelimsky TC, Chelimsky G, Mandawat A, Mc-
Neeley K, Alshekhlee A. Comorbid health conditions in wom-
en with syncope. Clin Auton Res 2010;20:223-7.

78. Ferreira AC, de Marchena E. Grading autonomic dysfunc-
tion in chronic fatigue syndrome. Semin Arthritis Rheum 
2002;32:137-8.

79. Sullivan SD, Hanauer J, Rowe PC, Barron DF, Darbari A, 
Oliva-Hemker M. Gastrointestinal symptoms associated 
with orthostatic intolerance. J Pediatr Gastroenterol Nutr 
2005;40:425-8.

80. Ríos-Martínez BP, Huitrón-Cervantes G, Márquez MF, 
González-Hermosillo JA, Rangel-Rodríguez GA, Pedraza-
Moctezuma LG. Psychopathology and personality in patients 



Neurocardiogenic syncope and associated conditions 83

with vasovagal syncope. [Article in Spanish] Arch Cardiol 
Mex 2009;79:207-11.

81. Fazelifar AF, Basiri HA, Tolooie A, Haghjoo M, Barakpour 
H, Emkanjoo Z, et al. Can prodromal symptoms predict recur-
rence of vasovagal syncope? Cardiol J 2008;15:446-50.

82. Gajek J, Zyśko D, Mazurek W. Efficacy of tilt training in pa-
tients with vasovagal syncope. Kardiol Pol 2006;64:602-8.

Key words: Autonomic nervous system; Brugada syndrome; co-
morbidity; migraine disorders; respiration; syncope, vasovagal/eti-
ology; tilt-table test.

Anahtar sözcükler: Otonom sinir sistemi; Brugada sendromu; eşlik 
eden bozukluk; migren hastalıkları; solunum; senkop, vazovagal/
etyoloji; tilt testi.


