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WHY DO WE FAINT?
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The most frequent cause of unexplained transient
loss of consciousness is vasovagal syncope, popularly
referred to as fainting. Impending loss of conscious-
ness may be heralded by blurred vision, cold sweat,
nausea, and abdominal discomfort. In vasovagal syn-
cope, the patient turns pale, blood pressure falls,
and the heart usually slows — sometimes almost to a
halt. Because of insufficient cerebral perfusion, loss
of consciousness and postural tone ensue, and the
person falls. While on the floor, perfusion to the
brain is restored and consciousness is quickly re-
gained, with no neurological sequelae. Not surpris-
ingly, syncope is frequently misdiagnosed as a sei-
zure or cerebrovascular event.

Vasovagal syncope is a benign problem, but in
certain situations it can lead to bone fractures and
head trauma, particularly in the elderly. Astronauts
returning to earth, after exposure to zero gravity, are
prone to vasovagal syncope and this has spurred in-
tensive research on its mechanisms. Vasovagal syn-
cope has been much scrutinized but remains incom-
pletely understood. We know that when vasovagal
syncope occurs, parasympathetic (vagal) outflow to
the sinus node of the heart increases, producing bra-
dycardia. Bradycardia, however, is not the main
cause of the fall in blood pressure, because prevent-
ing the bradycardia by implantation of a pacemaker
or administration of atropine does not prevent the
hypotension and syncope.”'*

It is clear that blood pressure falls because of
vasodilation, which, interestingly, is heterogeneous
— vasodilation occurs in skeletal muscle and prob-
ably in the splanchnic vascular bed, but not in the
skin. The mechanisms responsible for vasodilation
are not well understood. There is a marked reduc-
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tion in sympathetic vasoconstrictor outflow to blood
vessels in leg skeletal muscles, as has convincingly
been shown with direct microneurography record-
ings,]8 and measurements of plasma norepineph-
rine, which falls. Vasopressin, endothelin-1, and an-
giotensin II all increase normally during fainting.'®

The main unanswered question is whether vaso-
dilation is due solely to a reduction in sympathetic
vasoconstrictor traffic (i.e., “passive” vasodilation) or
whether there is also activation of a vasodilator sys-
tem (i.e., “active” vasodilation). Several vasodilator
mechanisms have been proposed. Although sympa-
thetic postganglionic outflow to blood vessels de-
creases, epinephrine release by the adrenal medulla
increases during vasovagal syncope. Hence, vasodila-
tion from activation of Be-adrenergic receptors, in-
duced by a rise in circulating epinephrine, has been
suggested as a possible mechanism.® Blockade of Bo-
adrenergic receptors in the forearm, however, does
not prevent vasodilation during syncope.” In the
1940s, Barcroft and Edholm' postulated a neuro-
genic (sympathetic) vasodilatory mechanism for
skeletal muscle because nerve blocks or sympathec-
tomy in one arm decreased or prevented vasodila-
tion in that forearm (compared with the normal
arm) during syncope induced by tilt, venesection, or
tourniquets in both thighs. Therefore, it was con-
cluded that vasodilation was “actively excited” and
that “there must be sympathetic vasodilator fibers in
the forearm muscles.” A cholinergic mechanism was
suggested by Blair et al. in 1959, based on the find-
ing that the initially symmetrical increase in blood
flow in the two forearms induced by emotional stress
(supposedly a vasodilator mechanism similar to that
occurring during fainting) is reduced by 50% in one
arm by atropine infusion into the brachial artery of
that arm. However, the existence of cholinergic va-
sodilator nerves in humans is very much in doubt.
Uvnas'” examined several species and found cholin-
ergic nerves in some subprimates, but not in any of
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the several primates examined. A factor that is likely
to contribute to vasodilation and hypotension is re-
active hyperemia. Blood flow to the different regions
of the body is determined by the balance of neural
influences (mainly vasoconstrictor) and local factors
(mainly dilator). In the period preceding syncope,
when sympathetic activity is intense and blood flow
very low, vasodilator metabolites will accumulate.
When vasoconstrictor activity ceases, a larger hyper-
emia will occur than would result simply from inhi-
bition of vasoconstrictor activity, and this will con-
tribute to the hypotension.

More recently, the discovery of nitric oxide
(NO), a powerful vasodilator released by endothelial
and other cells, has stimulated renewed interest in
the active vasodilation hypothesis of syncope. The
role of NO-mediated vasodilation is still uncertain,
however. The finding that subjects with tilt-induced
syncope have a doubling in the urinary concentra-
tion of cGMP, a marker of NO activity,'' supports a
role for NO-mediated vasodilation. Furthermore, Di-
etz et al. showed that skeletal muscle vasodilation in
response to mental stress, which may induce vasodi-
lation by a mechanism similar to that occurring dur-
ing fainting, is mediated by nitric oxide.®> However,
recent work from the same group showed no pre-
vention of forearm vasodilation during fainting after
administration of the NO synthase inhibitor, N°-
monomethy-L-arginine (L-NMMA).

CAUSES OF FAINTING

What triggers fainting? Clinical observation shows
that a variety of seemingly different causes can trig-
ger fainting. Depending on the trigger mechanism,
two distinct syndromes emerge. First, fainting may
be of central origin, when vasodilation and bradycar-
dia occur in response to emotions such as intense
fear or revulsion. In these cases, the stimulus must
act on neocortical and limbic structures first. Neu-
rons in the amygdala relay to hypothalamic and
brainstem autonomic nuclei the information based
on conscious evaluation and interpretations of stress-
ors. These neurons may play a key role in emotion-
ally induced syncope. Neuroendocrine and auto-
nomic changes during fainting are similar to those
produced by intense fear. Threatening stimuli elicit
two types of neuroendocrine—autonomic responses,
depending on whether the emotional response is
anger or fear.* When the emotional response is an-
ger, there is sympathetic neuronal activation and in-
creased norepinephrine release (as in the fight-or-
flight response); when the emotion is fear, there is
mainly adrenomedullary activation with increased
epinephrine release but little or no sympathetic post-
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ganglionic activation and no increase in norepi-
nephrine release. A central neural “program” that
evokes the characteristic neuroendocrine and auto-
nomic response of vasovagal syncope has been sug-
gested by findings in the cat'® showing that, by stimu-
lating hypothalamic sites near to those sites
generating the defense reaction, bradycardia, sym-
pathoinhibition, and hypotension are evoked. Emo-
tionally induced fainting represents a specific auto-
nomic response to situations of extreme fear or
particular displeasure. One could speculate that
when individuals perceive the futility of fighting or
fleeing, they may choose a response resembling
primitive freezing or “playing dead.”

The second type of fainting occurs as the result of
failure of normal homeostatic reflexes or due to ex-
cessive excitation of a depressor reflex. One example
of syncope thought to be due to an inappropriate
reflex response is so-called carotid sinus syncope.
The suggested mechanism is that the sinus barore-
ceptors are abnormally stimulated, in the original
classic case by pressure from a stiff-winged collar,
and this leads to a hypotensive reaction. This condi-
tion is now diagnosed by carotid sinus massage,
which, when positive, results in bradycardia, hypo-
tension, or both. Carotid sinus syncope is probably
greatly overdiagnosed, as a more physiological dis-
tension of sinus baroreceptors by applying con-
trolled negative pressures rarely induces such large
responses.

Syncope has also been associated with a number
of other reflexes, including micturition, defecation,
and coughing. Defecating and coughing are essen-
tially Valsalva-like maneuvers involving raised intra-
abdominal and intrathoracic pressures that may re-
sultin a reduction in the venous return to the extent
that cardiac output and blood pressure fall to critical
levels. Micturition syncope may involve several
mechanisms acting in concert to reduce the blood
pressure. Typically, it occurs when a man stands to
urinate after leaving a warm bed. The cutaneous
blood vessels are dilated, and pooling of blood re-
duces venous return. In addition, straining will fur-
ther reduces venous return. An additional factor
may arise from relief of bladder distension, which
may cause reflex vasodilation as the result of decreas-
ing stimulus to bladder stretch receptors.

Most attacks of syncope are associated with a re-
duction in central blood volume occurring during
orthostatic (gravitational) stress, when the volume of
the blood increases in dependent vessels. Part of the
stress is also due to actual loss of blood volume from
capillaries in dependent regions. Orthostatic stress is
greatest when standing motionless, but may also oc-
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cur when sitting still for long periods, particularly on
high stools or aircraft seats for lengthy flights.

The normal “appropriate” response to hypovole-
mia is vasoconstriction. However, at some stage this
is abruptly inhibited, leading to vasodilation, brady-
cardia, and syncope. The ability to tolerate orthostat-
ic stress before “switching” to a vasovagal reaction
varies greatly between subjects. In general, younger
women have lower tolerance than other subjects.'’
Orthostatic stress can usually be countered by con-
traction of muscles in dependent regions that com-
press veins and enhance return of blood to the
heart. Not surprisingly, because syncope occurs
when venous return is inadequate, individuals with
relatively large blood and plasma volumes tend to
have greater tolerance to orthostatic stress. Also, pro-
cedures that increase these volumes, such as salt
loading® or exercise training,'” also increase ortho-
static tolerance and reduce the frequency of synco-
pal attacks.

The trigger mechanism for converting vasocon-
striction and tachycardia to vasodilation and brady-
cardia remains unknown. The formerly held view
was that it was due to abnormal stimulation of affer-
ent nonmyelinated nerves from the ventricle as the
nearly empty heart was stimulated to contract pow-
erfully. This led to the term “neurocardiogenic” syn-
cope. The postulated mechanism was based on the
findings of Oberg and Thoren'® that some nonmy-
elinated vagal afferents were paradoxically stimu-
lated during hemorrhage and that this induced a
Bezold—Jarisch type of response. However, the evi-
dence against this mechanism now seems over-
whelming. First, even in the original report, rela-
tively few receptors showed this paradoxical
response, and most nerves actually decreased their
discharge as the ventricular volume decreased. Sec-
ond, in animals, where the left ventricle was bypassed
and sympathetic nerves strongly stimulated, there
was no hypotensive response. Third, patients who
have had cardiac transplants showed similar vasodi-
lation even though there could have been no affer-
ent neural activity from their ventricles.”

Vasovagal syncope thus remains an intriguing
physiological problem. It is not an abnormal re-
sponse because it can be induced in anyone pro-
vided the stress is sufficiently great, although some
individuals may be abnormally susceptible. The trig-
ger mechanism remains elusive but it does seem of-
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ten to involve central mechanisms, peripheral re-
flexes, or possibly both. It is related to decreases in
effective blood volume, and volume expansion is of-
ten an effective method for the management of pa-
tients with recurrent attacks.

REFERENCES

1. Barcroft H, Edholm O. On the vasodilatation in human skel-
etal muscle during post-hemorrhagic fainting. ] Physiol 1945;
104:161-175.

2. Blair D, Glover W, Greenfield A, Roddie I. Excitation of cho-
linergic vasodilator nerves to human skeletal muscles during
emotional stress. ] Physiol 1959;148:633-647.

3. Dietz NM, Rivera JM, Eggener SE, Fix RT, Warner DO, Joyner
M]. Nitric oxide contributes to the rise in forearm blood flow
during mental stress in humans. J Physiol (Lond) 1994;480:
361-368.

4. Ekman P, Levenson RW, Friesen WV. Autonomic nervous sys-
tem activity distinguishes among emotions. Science 1983;221:
1208-1210.

5. El-Bedawi KM, Wahbha MA, Hainsworth R. Cardiac pacing
does not improve orthostatic tolerance in patients with vaso-
vagal syncope. Clin Auton Res 1994;4:233-237.

6. El-Sayed H, Hainsworth R. Salt supplement increases plasma
volume and orthostatic tolerance in patients with unex-
plained syncope. Heart 1996;75:134-140.

7. Fitzpatrick AP, Banner N, Cheng A, Yacoub M, Sutton R.
Vasovagal reactions may occur after orthotopic heart trans-
plantation. ] Am Coll Cardiol 1993;21:1132-1137.

8. Glover W, Greenfield A, Shanks R. The contribution made by
adrenaline to the vasodilation in the human forearm during
emotional stress. ] Physiol 1962;161:42P-43P.

9. Goldstein D. Stress response patterns. In: Stress, catechol-
amines, and cardiovascular disease. New York: Oxford Uni-
versity Press; 1995. p 287-328.

10. Hainsworth R, El-Bedawi KM. Orthostatic tolerance in pa-
tients with unexplained syncope. Clin Auton Res 1994;4:
239-244.

11. Kaufmann H, Berman J, Oribe E, Oliver J. Possible increase in
the synthesis of endothelial derived relaxing factor (EDRF)
during vasovagal syncope. Clin Auton Res 1993;3:69.

12. Kaufmann H, Oribe E, Oliver JA. Plasma endothelin during
upright tilt: relevance for orthostatic hypotension? Lancet
1991;338:1542-1545.

13. Koizumi K, Kollai M. Control of reciprocal and non-
reciprocal action of vagal and sympathetic efferents: study of
centrally induced reactions. | Auton Nerv Syst 1981;3:
483-501.

14. Lewis T. Lecture on vasovagal syncope and the carotid sinus
mechanism. BMJ 1932;1:873-876.

15. Mtinangi BL, Hainsworth R. Increased orthostatic tolerance
following moderate exercise training in patients with unex-
plained syncope. Heart 1998;80:596-600.

16. Oberg B, Thoren P. Increased activity in left ventricular re-
ceptors during hemorrhage or occlusion of caval veins in the
cat. A possible cause of the vaso-vagal reaction. Acta Physiol
Scand 1972;85:164—173.

17. Uvnas B. Cholinergic vasodilator nerves. Fed Proc 1966;25:
1618-1622.

18. Wallin BG, Sundlof G. Sympathetic outflow to muscles during
vasovagal syncope. ] Auton Nerv Syst 1982;6:287-291.

MUSCLE & NERVE ~ August 2001 983



