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Abstract
Some observations suggest that typical (emotional or orthostatic) vasovagal syncope (VVS) is not a disease, but rather a manifestation 

of a non-pathological trait. We conducted an extensive bibliographic research on the vasovagal reactions in animals, including humans, in 
order to investigate the possible factors that may explain the origin and evolution of VVS. We found two processes which appear relevant 
for the investigation of VVS evolution: fear/threat bradycardia (alarm bradycardia) in animals, mainly during tonic immobility and vasovagal 
reflex during hemorrhagic shock (thoracic hypovolemia) both in animals and humans. The available data suggest that VVS in humans, alarm 
bradycardia in animals and the vasovagal reflex during hemorrhagic shock share the same physiological mechanisms and that is indicative 
of a common evolutionary root. However, during the vasovagal reflex loss of consciousness occurs in humans, but it is absent (or extremely 
rare) in animals. That can be explained as a by-product due to the erect position and the large brain evolved in our species. If the vasovagal 
reflex persisted for millions of years along the vertebrates evolutionary history, we can reasonably assume that it has a function and it is not 
harmful. It could be neutral or beneficial, but the available data suggest it is beneficial; likely, it evolved as an advantageous response to 
stressful and possibly dangerous heart conditions. Emotional or orthostatic vasovagal reflex is preceded by enhanced sympathetic activity, 
which is harmful and possibly dangerous. The transient inhibition of the sympathetic system, together with activation of the vagal tone, 
characterizes VVS. The consequent slowing of the heart rate induced by the vasovagal reflex may constitute a beneficial break of the cardiac 
pump, thereby reducing myocardial oxygen consumption.We suggest that typical VVS should be regarded as a selected response, which 
probably evolved in the ancient past as a defense mechanism of the organism within some ancestral group(s) of vertebrates. 
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Introduction
Vasovagal syncope (VVS) is a clinical manifestation of the vasova-

gal reflex, characterized by the occurrence of bradycardia and  hypo-
tension. VVS can be typical or non-typical. Typical VVS is diagnosed 
when loss of consciousness (LOC) is precipitated by triggers as 
strong emotion/fear or prolonged standing and is associated to auto-
nomic prodromes (pallor, sweating, nausea, abdominal discomfort).1 

In  about 80% of subjects with emotional VVS, LOC can be in-
duced even during orthostatic stress (tilt testing).2 Non-typical VVS 
includes episodes of LOC without any evident trigger and without 
(or only minimal) autonomic prodromes1 and can be diagnosed when 
LOC is induced during tilt testing in the absence of other competing 
diagnosis. Typical VVS  generally starts at young age and the natural 

history is extremely variable.3 VVS is benign and very frequent in the 
general population. The mechanism of the hypotension/bradycardia 
reflex responsible for VVS is not completely understood. Very little 
is known about the afferent part of the vasovagal reflex (i.e., the step 
from trigger to autonomic control and central processing), whereas 
the efferent part of the reflex has been elucidated: hypotension ap-
pears to be secondary to transient withdrawal  of the sympathetic 
system and bradycardia to a transient increase in vagal  tone; both are 
generally preceded by an increase in sympathetic activity.4-9

Typical Vasovagal Syncope As An Evolutionary Selected Trait
In the medical community, VVS is often regarded as a disease. 

That is probably true for VVS starting in old age, which is general-
ly non-typical (without trigger and autonomic prodromes) and fre-
quently associated to other autonomic disturbances, mainly carotid 
sinus hypersensitivity.10-12 In other words, VVS beginning in old peo-
ple seems to be related to the emergence of a pathological process of 
the autonomic nervous system, not yet defined in nosology or, more 
in general, to aging,13,14 even if the efferent pathways leading to hy-
potension and bradycardia appear to be the same as in subjects with 
typical VVS. By contrast, we believe that typical VVS is not a disease 
but an evolutionary selected trait.14 Some observations support this 
view. First, the incidence of spontaneous VVS is very high. It has 
been reported that about 40% of young Duch students with mean 
age of 21 years experienced spontaneous VVS.15  Second, the neural 
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several species during fear-induced tonic immobility.37,38 Under this 
hypothesis, the origin of VVS is therefore related to a selective ad-
vantage initially enjoyed by some ancestral groups when tonic im-
mobility increased the survival during the interaction with predators. 
Finally, the heart defense hypothesis proposes that VVS evolved as 
an advantageous mechanism to reduce myocardial oxygen consump-
tion when cardiac strain is excessive.38-40 Both alarm bradycardia and 
heart defense hypotheses imply that VVS is just a manifestation in 
humans of a general response present in several other vertebrates. 
Vasovagal syncope and similar responses in other vertebrates should 
therefore share the same or very similar physiological mechanisms. 
Vasovagal Reflex In Animals

When investigating the literature dealing with the vasovagal re-
flex in animals, including humans,33 we found two processes, which, 
in our opinion, are relevant for the investigation of VVS evolution: 
alarm bradycardia during tonic immobility in animals  and vasovagal 
reflex during hemorrhagic shock both in animals and humans. We 
found reports of vasovagal reflex only in vertebrates and not in in-
vertebrates.
Alarm Bradycardia In Animals

The most common animal response to fear or threat is active, the so 
called “fight-or-flight” response, which is characterized by increased 
physical activity and systolic BP, tachycardia and dilatation of muscle 
vessels. In contrast to this active response, many animals can show 
a passive response to fear/threat by remaining motionless, above all 
when attacked by predators from which there is not possibility of 
escape, A variety of names have been used to describe this phenom-
enon: tonic immobility, hypnosis, death-feint, fright-paralysis and 
playing dead. The most used name is tonic immobility.

During tonic immobility, which is a reflex and involuntary re-
sponse, the animal typically assumes a recumbent posture to achieve 
the lowest body profile. Muscles are hypertonic, but a certain degree 
of relaxation is possible. Breathing is reduced in rate and amplitude. 
The animal is alert, as shown by electroencephalographic recording,41 
but in a state of catatonic-like reduced responsiveness which simu-
lates the death. 

Two aspects of tonic immobility are relevant for this paper: the 
physiological modifications occurring during this behavior (alarm 
bradycardia) and its selective advantage. These physiological aspects 
are relevant because the alarm bradycardia hypothesis for the evo-
lution of VVS suggests that alarm bradycardia during immobility 
behavior in animals and VVS in man are homologous. The selective 
advantage of tonic immobility is obviously relevant to explain its evo-
lution. We will briefly analyse these two aspects in turn.

The prevalence in the various animal species of alarm bradycar-
dia during tonic immobility is unknown; sometimes an acceleration 
of HR has been observed.42-45 Extensive evidence, however, suggests 
that transient episodes of this phenomenon, documented by using 
a telemetric system, are common in mammals as well as in lower 
vertebrates.

In white-tailed deer fawns, the sudden approach of an intruder 
induced in some animals tonic immobility associated with a decrease 
in HR up to 68%; the duration of bradycardia ranged from 5 seconds 
to about 2 min.46 Similarly, when young red deers were threatened 
by an intruder, HR decreased in some animals up to 85%, and sinus 
pauses > 3 seconds were recorded during tonic immobility; the bra 
dycardic episode generally lasted < 1 min in this case.45 Alarm brad-

pathways involved in the vasovagal response, though not completely 
elucidated, are probably present in all (or almost all) healthy humans. 
In fact, during diagnostic head-up tilt testing at 60°–70°, which in-
duces thoracic hypovolemia through a venous pooling in the legs, 
10–15% of adult subjects without a history of fainting experience 
syncope.16,17 Using stronger stressors, such as a tilting angle of 80° 
in conjunction with low-dose isoproterenol, the percentage of sub-
jects without history of fainting experiencing VVS  increases to 40-
45%.18,19 Among children, the percentage of asymptomatic subjects 
developing vasovagal reactions during tilt testing is also very high, 
approaching 40% even when a mild stressor is applied.20 Also astro-
nauts, who are heavily selected on the basis of their great resistance 
to gravitational changes and cannot be regarded as sick,  have a 20% 
of chances to experience presyncope or franck bradycardic syncope 
during upright posture on the day of landing after a short-duration 
space flight.21  In some studies, subtle alterations have been reported 
in subjects with VVS  during orthostatic stress: impaired venocostric-
tion,22,23 lower increase in total peripheral resistance,22 higher increase 
in heart rate (HR)24 and enhanced sympathetic activity;25 impaired 
baroreflex sensitivity25 and reduced blood volume26 have also been de-
scribed. However, other studies have failed to confirm these subtle al-
terations27-31 and their presence is currently uncertain in subjects with 
VVS. A multiplicity of mechanisms may contribute to these different 
observations. In any case, these subtle alterations cannot be regard-
ed as pathological disorders.. Moreover, a cause-effect relationship 
cannot be clearly established.  All together, these data suggest that  
about 40% of young individuals experience spontaneous VVS  and a 
large fraction of the others experience VVS under orthostatic stress. 
Considering that orthostatic stress is not the only stressor known to 
evoke VVS, it seems reasonable to assume that the vasovagal reflex is 
predisposed in all (or almost all) individuals. Third, subjects with typ-
ical VVS have generally  normal blood pressure (BP) and a normal 
vagal tone outside the syncopal episodes.32 All these aspects of VVS 
are definitely not typical for a disease. 

Since typical VVS is not a disease, but rather a manifestation of a 
non-pathological trait, we investigated the possible factors that can 
explain its origin and evolution.33 To this end, we carried out an ex-
tensive bibliographic research in order to analyze published theories 
dealing with the evolution of VVS and to investigate the vasovagal 
reactions in animals, including humans.
Previous Theories On The Evolution Of Vasovagal Syncope

Two major theories have been put forward to explain the origin 
of VVS,  the Human Violent Conflicts and the Clot Production  
hypotheses. Under the Human Violent  Conflicts hypothesis, the 
VVS evolved during the Paleolithic era only in the human lineage.34 

In situations of inter-group attacks and killing, LOC triggered by 
fear-circuitry activation might have conferred a survival advantage 
to non- combatants, particularly children and women, when threats 
were inescapable. The second theory, the Clot Production hypothe-
sis, suggests that the vasovagal reflex is a defense mechanism against 
hemorrhage in mammals.35,36 During bleeding traumas, the reduc-
tion of BP induced by the vasovagal reflex, would give to the coag-
ulation system a higher chance to produce a clot, thus arresting the 
loss of blood. 

In addition to these two theories, some authors have briefly men-
tioned two other hypotheses for the evolution of VVS. One of these 
hypotheses suggests that VVS is the human homologue of alarm 
bradycardia in animals, which is a decrease in HR documented in 
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well in humans55-62  and it appears to be due to thoracic hypovolemia 
which triggers afferent stimuli from the cardiopulmonary system. 
The hemodynamic response to acute thoracic hypovolemia consists 
of two phases. During the first phase, BP is maintained in the face 
of falling cardiac output by baroreceptors-mediated activation of the 
sympathetic system, as shown in conscious rabbits and dogs by the 
progressive increase in renal sympathetic nerve activity and norep-
inephrine plasma level, which are responsible for vasoconstriction 
and tachycardia.57,59,61 During the second phase, a vasovagal reaction 
occurs in all the mammalian species studied,63 but only when the 
blood volume is reduced by about 30%: BP suddenly falls and HR 
decreases. It has been shown during hemorrhagic shock in cats and 
rabbits that the decrease in BP is secondary to transient withdrawal 
of the sympathetic system, as evidenced by a dramatic decrease in 
renal sympathetic nerve activity.59,60,62,63

The same response (bradycardia and hypotension) observed dur-
ing hemorrhage has been reported in an experimental setting during 
reduction of the venous return by graded occlusion of inferior vena 
cava in conscious rabbits and rats.5,64 After a first phase characterized 
by vasoconstriction and tachycardia, a vasovagal reflex occurs. Even 
in this situation there is  first a progressive rise and then a sudden 
decline in sympathetic nerve activity.64

Comments
The major result of our analysis is that VVS in humans shares the 

same physiological mechanisms observed in the other vertebrates 
and this is indicative of a common evolutionary root.

The Clot Production theory suggests that the vasovagal reflex con-
stitutes  a protective mechanism against hemorrhage.35,36 This theo-
ry is based on the observation that hypertension worsens bleeding 
and that the normalization of BP by liquid infusion in patients with  
bleeding trauma can be harmful, impairing the formation of clots.65 
According with this theory, lowering the BP could reduce blood loss 
until stable blood clotting takes place. Moreover, Casonato et al66 

have reported an increase in von Willebrand factor and factor VIII, 
which facilitate coagulation, in two subjects who experienced VVS 
during venipuncture. These observations are interesting, but since va-
sovagal reflex occurs in humans and animals also during situations 
of fear or emotion, one should assume that two selective forces in-
dependently drove the evolution of the same physiological response; 
this is clearly an unlikely process..

The other theory, the Human Violent Conflicts hypothesis, suggests 
that VVS evolved in the human lineage in situations of inter-group 
attacks.34 Even though VVS is really more frequent in adolescents 
and women, this theory implies that any resemblance between VVS 
in man  and similar responses in non-human animals is the result of 
convergent evolution, that is an independent evolution of similar fea-
tures in species of different lineages. As in most cases of convergent 
evolution, we would expect this similarity to be rather superficial, 
and probably based on different physiological mechanism. We will 
show in the next session that this is not the case. The remaining two 
hypotheses, the alarm bradycardia and the heart defense hypotheses, 
will be discussed in the context of our analysis of the contributions 
offered by the literature on the vasovagal reflex in animals.
Similarities Between Orthostatic Vasovagal Syncope In Man 
And Vasovagal Reflex During Hemorrhagic Shock In Ani-
mals

In these two situations the trigger appears to be the same, i.e., 

ycardia was more frequent in young than in adult individuals.45,46 In 
several other mammals (spotted ground squirrel, western chipmunk, 
and grasshopper mouse), the appearance of a predator, generally a 
snake,  induced tonic immobility associated with a slowing of  HR, 
episodes of sinus arrest and/or second or third degree atrioventricular 
block.43 But the most extreme tonic immobility behavior is probably 
the “playing dead” reaction observed in the opossum.47 During tactile 
stimulation by a dog, the opossum’s reacts with apparent death, prone 
position and marked stiffness of the body. Respiratory rate is reduced 
by about 30%. In some individuals “playing dead” is accompanied by 
a decrease in HR (about 50%), as well as the onset of other signs of 
vagal activation such as salivation, urination and  defecation.  The 
animal is conscious, though looking dead, and at this point the dog 
loses interest in the potential prey. The experiment was repeated af-
ter atropine administration. When the dog approached the opossum, 
the animal displayed tonic immobility, but alarm bradycardia was not 
observed. That means that tonic immobility and alarm bradycardia 
are two different reflexes and that alarm bradycardia is mediated by 
the vagal system.

Alarm bradycardia in response to threat has been documented 
not only in mammals but also in all classes of vertebrates. In birds  
(willow grouse), the HR of some individuals threatened by intruders 
markedly decreased from 120-140 beats/min to 30-40 beats/min.44 

Gaunt et al48 reported that a reptile, a caiman, became motionless 
after the sudden approach of an investigator and the  HR decreased 
from ~ 15 to ~ 5 beats/min. Similarly, an amphibian, the salamander, 
displayed tonic immobility associated with slowing of HR and cardi-
ac pauses when threatened by a moving shadow.42 Various fish species 
stopped swimming and elicited cardiac pauses lasting up to 10-20 
seconds when frightened by moving objects.49

Tonic immobility is not commonly observed in primates or in car-
nivores. To this regard,  Klemm41 suggested that the neocortex exerts 
an inhibiting influence on tonic immobility and that this behavior 
diminishes as the neocortex increases in size.

Adams et al50 investigated the behavior and the cardiovascular 
changes in a carnivore, the cat, during an emotional situation, i.e., 
when preparing to fight in response to an attack of another cat. In 
addition to HR, they measured intra-arterial BP. Just before the at-
tack, the cats were immobile, but tonic immobility was not displayed. 
Electrocardiographic recording shoved in some individuals a marked 
slowing of HR associated to a sudden decrease in BP, as an expres-
sion of withdrawal of sympathetic system. This appears to be a clear 
demonstration of an emotional vasovagal reflex in animals, outside 
tonic immobility. It must be underlined that all the above mentioned 
animals did not lose consciousness during alarm bradycardia.

The evolution of tonic immobility as an anti-predator behavior al-
ternative to “fight-or-flight” to increase the  chances of survival was 
first suggested by Charles Darwin.51 For example, in situations where 
the animal has been caught by a predator, pretending to be dead can 
increase the possibilities to escape in an unguarded moment. Also, 
predators are usually adapted to react to a moving prey, and if escape 
is not possible, immobility can be an advantageous behavior for the 
prey by reducing the attention of the predator. Some experimental 
studies showed that the survival rate was indeed increased by this 
behaviour.52-54

Vasovagal  Reflex During Hemorrhagic Shock In Animals
The vasovagal reflex during hemorrhagic shock has been observed 

in mammals such as rats, rabbits, cats, dogs and rhesus monkeys, as 
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it is unable to induce cerebral hypoperfusion severe enough to elicit  
LOC. Probably, for the same reasons, spontaneous emotional VVS is 
absent (or very rare) in primates and other mammals. In man, who 
recently assumed an erect position and developed a large brain, the 
vasovagal reflex can more easily induce severe cerebral hypoperfusion, 
and, consequently, LOC.

Another hypothesis has recently been postulated to explain the 
occurrence of LOC only in humans, “the brain self-preserving re-
sponse” (Blanc JJ et al, Personal communication). According to this 
hypothesis, when the large human brain senses a decrease in blood 
supply, activates through an unknown mechanism the autonomic 
nervous system in order to drastically decrease BP and HR up to 
LOC, responsible for a fall. After the fall, BP and HR rapidly in-
crease and the subject recovers consciousness without any damage of 
the brain. In other words, “the brain self-preserving response” should 
have developed during the evolution of human being to protect the 
large brain; however, the mechanism of this response remains to be 
elucidated.
Vasovagal Reflex As A “Defense Mechanism”

If the vasovagal reflex has persisted for millions of years along the 
vertebrates evolutionary history, we can reasonably assume that it 
has a function and it is not harmful. It could be neutral or benefi-
cial, but some observations suggest that it could be beneficial. Since 
this phenotype is sporadically displayed, a possible role as a defense 
mechanism appears likely. The open question is “what is the advan-
tage of the vasovagal reaction?” In other words, which hypothesis best 
explain its evolution? Did the vasovagal reflex evolve as an advanta-
geous response to inescapable predators or to stressful and possibly 
dangerous heart conditions? Under the first hypothesis, emotional 
VVS might be an evolutionary relict or correlate of a prey-related be-
havior. Alarm bradycardia is not a constant response during tonic im-
mobility.43,45,47 However, when it occurs associated with the reduction 
of respiratory rate, it may help to better simulate death by lessening  
the movements and/or sounds that accompany normal or increased 
heart and breathing rates that a predator can detect.46 On the other 
hand, under the heart defense hypothesis, the inhibition of the sym-
pathetic system, together with the activation of the vagal system and 
consequent slowing of HR, may 1) constitute a beneficial break of 
cardiac pump (thereby reducing myocardial oxigen consumption), 2) 
permit better diastolic filling and coronary perfusion, and probably 3) 
ameliorate the pumping efficiency of the heart even if BP decreases. 
Thus, both the alarm bradycardia and heart defense  hypotheses seem 
to imply a selective advantage which could explain the evolution of 
the vasovagal reflex, and both advantages are possibly enjoyed today 
in several species. Only the heart defense hypothesis, however, nat-
urally emerges as a unifying theory able to explain the occurrence of 
the vasovagal reflex and its associated selective advantage during both 
emotional and orthostatic stress. The hypothesis that alarm  brady-
cardia during tonic immobility behavior improves survival is fasci-
nating, but it does not directly explain the vasovagal reflex during 
orthostatic stress.
Conclusion:

In conclusion, our extensive analysis of the literature suggests that 
typical VVS in humans has the same origin as the fear and threat 
bradycardia observed in all classes of vertebrates and the vasovagal 
reflex during hemorrhagic shock (thoracic hypovolemia) observed in 
humans and other mammals. The major difference, LOC due to the 

thoracic hypovolemia, which is responsible for the vasovagal reflex 
during prolonged standing or diagnostic tilt testing in humans and 
hemorrhagic shock in animals and humans. The efferent pathway 
also appears to be the same: an increase in sympathetic tone followed 
by withdrawal of the sympathetic system, as shown by the sudden 
decrease in BP and also by micro-neurographic recordings59,60,62,63 and 
then by an increase in vagal activity, as shown by the slowing of HR. 
Since the vasovagal reflex during hemorrhagic shock has been ob-
served in many mammals as well as in humans with the same phys-
iological mechanism,55-62,67 this means that the orthostatic vasovagal 
reflex is predisposed in primates and other mammals.
Similarities Between Emotional Vasovagal Syncope In Man 
And Alarm Bradycardia In Animals

Bradycardia  appears in humans during emotional vasovagal VVS 
and in animals during fear/threat, both in the context of tonic im-
mobility and in the absence of this behavior, as in carnivores.50 We 
believe that there is a similarity in the physiological mechanism re-
sponsible for bradycardia in humans and animals, for the following 
reasons:1) the same trigger evokes the same type of response (brad-
ycardia); 2) both emotional VVS in humans and alarm bradycardia 
in animals are more frequent in the young individuals than in the 
older ones;3,45,46 3) both emotional VVS in humans and alarm brady-
cardia in animals are generally preceded by acceleration of HR, as an 
expression of increased sympathetic activity.43-45,47,48,50 Unfortunately, 
BP has not been measured during alarm bradycardia in the context 
of tonic immobility, possibly because of limited availability of contin-
uous BP measurements. This is a weak point in the analysis and in-
terpretation of the vasovagal reflex. However, the only study in which 
both HR and BP were measured during fear-induced bradycardia, 
the slowing of HR was associated with a sudden decrease in BP;50 
these cardiovascular changes elicited by a trigger such as emotion/
fear suggest that we are dealing with a vasovagal reflex.

The similarities of the triggers and of the efferent response in the 
various types of vasovagal reflex suggest a common evolutionary root. 
Accordingly, typical VVS would not have evolved in the modern hu-
man being, as suggested in the Human Violent Conflicts theory,34 

but it should be regarded as an advantageous response which origi-
nated in the ancient past within some ancestral groups of vertebrates.

If the vasovagal reflex is predisposed in all the vertebrates, from 
fishes to mammals, why is LOC present  in humans, but absent (or 
extremely rare) in animals? Recently van Dijk68 offered a possible 
explanation based on some anatomical or physiological traits evolved 
in the human lineage: 1) the metabolic demand for the brain is low-
er in animals than in humans; for example, in man about 20% of 
cardiac output is destined for the brain, while in apes (gorilla, chim-
panzee) the proportion of cardiac output that needs to be pumped 
upwards is only 4-7%. As a consequence, a cerebral hypoperfusion 
severe enough to elicit LOC  occurs rarely in animals or it does not 
occur; 2) human  legs are relatively more robust than hind legs in 
other primates or other tall or long-necked mammals, and muscle 
pump appears less active in man; as a consequence, upon assuming 
the upright position, gravity causes more venous pooling in the hu-
man legs and, consequently, more orthostatic difficulties. In other 
words, the orthostatic vasovagal reflex appears to be predisposed in 
primates and other mammals. However, for the above mentioned 
reasons, and because and the quadruped or recumbent position, this 
reflex is most likely activated less often in animals. When activated, 



Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation101 Journal Review

www.jafib.com Aug-Sep, 2014 | Vol-7 | Issue-2  

11. McIntosh SJ, Lawson J, Kenny RA. Clinical characteristics of vasodepressor, 
cardioinhibitory and mixed carotid sinus syndrome in the elderly. Am. J. Med.  
1993;95:203–208

12. Alboni P, Brignole M,  Menozzi C, Raviele A, Del Rosso A, Dinelli M, et al. 
Diagnostic value of history in patients with syncope with or without heart disease. 
J. Am. Coll. Cardiol. 2001;37:1921–1928

13. Colman N, Nahm K, Ganzeboom KS, Shen WK, Reitsma JB, Linzer M, et al. 
Epidemiiology of reflex syncope. Clin. Auton. Res. 2004;14:9-17

14. Alboni P, Brignole M, degli Uberti EC. Is vasovagal syncope a disease? Europace 
2007;9:83-87

15. Ganzeboom KS, Colman N, Reitsma JB, Shen WK, Wieling W.  Prevalence and 
triggers of syncope in medical students. Am. J. Cardiol.  2003;91: 1006-1008

16. Raviele A, Menozzi C, Brignole M, Gasparini G, Alboni P, Musso G, et al. Value 
of head-up tilt testing potentiated by sublingual nytroglicerin to assess the origin 
of unexplained syncope. Am. J. Cardiol. 1995;76:267-272

17. Brignole M, Alboni P, Benditt DG, Bergfeldt L, Blanc JJ, Bloch Thomsen PE, 
et al. Guidelines on management (diagnosis and treatment) of syncope – Update 
2004. Europace 2004;6:467-537

18. Kapoor WN, Bront N. Evaluation of syncope by upright tilt test with isoprotere-
nol: a nonspecific test. Ann. Intern. Med. 1992;116:358–363

19. Natale A, Akhtar M, Jazayeri M, Dhala A, Blanch Z, Deshpande S, et al. Prov-
ocation of hypotension during head-up tilt testing in subjects with no history of 
syncope or presyncope. Circulation 1995;92:54–58

20. de Jong-de Vos van Steenwijk CC, Wieling W, Johannes JM, Harns MP, Kuis 
W, Wesseling KH. Incidence of hemodynamic characteristics  of near-fainting in 
healthy 6-16 year old subjects. J. Am. Coll. Cardiol. 1995;25:1615-1621

21. Meck JV, Waters WW, Ziegler MG, deBlock HF, Mills PJ, Robertson D, et al. 
Mechanisms of post-spaceflight orthostatic hypotension low 1-adrenergic recep-
tor responses before flight and central autonomic dysregulation postflight. Am. J. 
Physiol. Heart Circ. Physiol. 2004;286:H1486–495

22. Thomson HL, Atherton JJ, Khafagi FA, Frenneaux MP. Failure of reflex 
venocostriction during exercise in patients with vasovagal syncope. Circulation 
1996;93:953-959

23. Steward JM, McLeod KJ, Sanyal S, Erzberg G, Montgomery LD. Relation of 
postural vasovagal syncope to splanchnic hypervolemia in adolescents. Circulation 
2004;110:2575-2581

24. Furlan R, Piazza S, Dell’Orto S, Barbic F, Bianchi A, Mainardi L, et al. Cardiac 
autonomic patterns preceding occasional vasovagal reactions in healthy humans. 
Circulation 1998;98:1756-1761

25. Bechir M, Bringgeli C, Corti R, Chenevard R, Spieker L, Ruscitzka F, et al. Dys-
functional baroflex regulation of sympathetic nerve activity in patients with vaso-
vagal syncope. Circulation 2003;107:1620-1625

26. Bergenwald L, Freyschuss V, Sjostrand T. The mechanism of orthostatic and hem-
orrhagic fainting. Scand. J. Clin. Lab. Invest. 1977;37:209-216

27. Jaeger FJ, Melonely JD, Castle LW, Fonad-Tarazi FM. Is absolute hypovolemia 
a risk factor for vasovagal response to head-up tilt? Pacing Clin. Electrphysiol. 
1993;16:743-750

28. Morillo CA, Eckberg DL, Ellenbogen KA, Beightol LA, Hoag JB, Tahvanainen 
KU, et al. Vagal and sympathetic mechanisms in patients with orthostatic vasova-
gal syncope. Circulation 1997;96:2509-2513

29. Mosqueda-Garcia R, Furlan R, Fernandez-Violante R, Desai T, Snell M, Jarai Z, 
et al. Sympathetic and baroreceptor reflex function in neurally mediated syncope 
evoked by tilt. J. Clin. Invest. 1997;99:2736-2744

30. Thomson HL, Wright K, Frenneaux M. Baroflex sensitivity in patients with vaso-
vagal syncope. Circulation 1997;95:395-400

31. Fucà G, Dinelli M, Gianfranchi L, Bressan S, Lamborghini C, Alboni P. Do sub-
jects with vasovagal syncope have subtle haemodynamic alterations during ortho-
static stress? Europace 2008;9:751-759

vasovagal reflex only in humans, might be explained as a by-product 
due to the erect position and the large brain evolved in our species. 
We also argue that VVS appears to be a defense mechanism evolved 
to protect the heart during stressful and possibly dangerous condi-
tions. To this regard, it should be underlined that during the vaso-
vagal reflex, the transient withdrawal of the sympathetic system is 
generally preceded by increase in sympathetic activity. The paradox 
of high adrenaline level followed by transient sympathetic inhibition 
seems to be characteristic of the vasovagal reflex both in humans and 
animals. That is, the sympathetic system, activated up to a certain 
level, likely different from individual to individual, inhibits itself. 
This unique mechanism appears to be highly suggestive for a defense 
mechanism because high sympathetic activity could be dangerous. As 
for other defense mechanisms, i.e., antibody production, we should 
not forget that the vasovagal reflex is a potential source of negative 
effects in man, mainly due to the occurrence of LOC. In fact, faint-
ing, which often occurs during upright posture, may lead to traumas. 
In some subjects, VVS is very frequent and may be responsible for 
psychological affections, High recurrence rate of syncopal episodes 
and/or asystolic pauses, probably due to increased susceptibility, 
should be regarded as a harmful excess of the defense response. To 
date, the gene(s) responsible for the vasovagal reflex, and a possible 
genetic polymorphism responsible for enhanced  susceptibility,  have 
not been discovered.
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