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Abstract The most frequent cause of syncope in young
athletes is noncardiac etiology. The mechanism of non-
cardiac syncope (NCS) in young athletes is neurally-me-
diated (reflex). NCS in athletes usually occurs either as
orthostasis-induced, due to a gravity-mediated reduced
venous return to the heart, or in the context of exercise.
Exercise-related NCS typically occurs after the cessation of
an exercise bout, while syncope occurring during exercise
is highly indicative of the existence of a cardiac disorder.
Postexercise NCS appears to result from hypotension due
to impaired postexercise vasoconstriction, as well as from
hypocapnia. The mechanisms of postexercise hypotension
can be divided into obligatory (which are always present
and include sympathoinhibition, histaminergic vasodila-
tion, and downregulation of cardiovagal baroreflex) and
situational (which include dehydration, hyperthermia and
gravitational stress). Regarding postexercise hypocapnia,
both hyperventilation during recovery from exercise and
orthostasis-induced hypocapnia when recovery occurs in an
upright posture can produce postexercise cerebral vaso-
constriction. Athletes have been shown to exhibit differ-
ential orthostatic responses compared with nonathletes,
involving augmented stroke volume and increased periph-
eral vasodilation in the former, with possibly lower
propensity to orthostatic intolerance.
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Key Points

Postexercise syncope results from not only
hypotension but also hypocapnia.

The most critical factor predisposing to postexercise
hypotension is impaired postexercise
vasoconstriction.

Athletes appear to exhibit lower propensity to
orthostatic intolerance and more advantageous
orthostatic responses compared with nonathletes.

1 Introduction

While a cardiac disorder can be identified during exercise
in a small minority of young athletes with a history of
syncope, by far the most frequent cause of syncope in this
group is noncardiac syncope (NCS) [1]. A cardiac etiology
in young athletes presenting with complaints of syncope
should always be ruled out through a diligent diagnostic
work-up, including a detailed clinical history, physical
examination, electrocardiogram, echocardiogram and
exercise test, before reaching the final diagnosis of NCS.
NCS in athletes usually occurs either as orthostasis-induced
or after the cessation of exercise. Exercise-related NCS can
cause injury, especially when occurring in dangerous sit-
uations, such as in diving, motor sports and road cycling
[1, 2].

The importance of the study of the mechanisms under-
lying NCS in athletes relies, first, on the identification of
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possible modifiable predisposing factors that, if changed,
could decrease the incidence of NCS in athletes, and,
second, on the implementation of more effective measures
in the acute treatment of athletes with NCS targeting the
relevant mechanisms. Similar considerations regarding the
pathophysiology of NCS in competitive athletes apply in
individuals engaging in routine vigorous physical exercise
in the settings of recreation or occupation. Thus, this
review discusses the mechanisms underlying the occur-
rence of NCS in athletes, as well as the pathophysiological
differences in the orthostatic responses between athletes
and nonathletes.

2 Methodology

A literature search based on PubMed listings to 30
December 2017 using ‘athletes AND syncope’, ‘athletes
AND orthostatic intolerance’, ‘athletes AND tilt test’,
‘exercise AND syncope’, ‘exercise AND orthostatic intol-
erance’ and ‘exercise AND tilt test’ as the search terms
identified 2330 articles. Moreover, an examination of the
reference list of the articles identified by this search strat-
egy was performed and only the articles that were judged
relevant were selected for inclusion in the review.

3 Mechanisms of Noncardiac Syncope (NCS)
in Athletes

NCS in young athletes is of reflex origin (i.e. neurally
mediated), mostly unrelated to exercise or occurring after
exercise [1]. Our study group recently demonstrated that
hemodynamic responses preceding reflex syncope during
the head-up tilt test (HUT) in athletes were, in decreasing
order of incidence, mixed, cardioinhibitory and vasode-
pressor [3]. With regard to the afferent pathway of reflex
syncope in athletes, the following entities are evident:
vasovagal syncope mediated by orthostatic stress; situa-
tional syncope associated with specific circumstances, such
as exercise and deglutition, among which the postexercise
setting is the most frequent; and carotid sinus syncope [4].
A limitation of many studies evaluating athletes with a
history of NCS was the overrepresentation of athletes
seeking advice due to recurrent episodes of syncope that
had been frequent or severe, while those with mild forms of
reflex syncope were less likely to be recruited [5].

3.1 Orthostasis-Induced NCS in Athletes
Transition from a supine to upright posture is normally

accompanied by a gravity-mediated reduced venous return
to the heart, with reduced left ventricular (LV) filling
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pressures [6]. The decreased cardiac preload induces a
reduction of stroke volume (SV) and cardiac output (CO),
eventually leading to reduced systolic blood pressure (SBP)
[6, 7]. Concomitantly, this reduction of SBP induces the
baroreflex-mediated inhibition of the parasympathetic
nervous system (PNS) and activation of the sympathetic
nervous system (SNS) [6, 7]. Both inhibition of PNS and
activation of SNS lead to upregulation of heart rate (HR),
which prevents a great decrease in CO, while activation of
SNS induces enhanced peripheral vasoconstriction, result-
ing in the upregulation of diastolic blood pressure (DBP)
[6-8]. Thus, despite the reduction of CO, the transition
from a supine to upright posture is normally accompanied
by preserved mean blood pressure (MBP) due to increased
peripheral vasoconstriction in the conscious athlete, while
syncope appears to result from the fall of MBP below the
lower limit of cerebral autoregulation [3]. Our study group
recently investigated the pathophysiology of NCS in ath-
letes and proposed a novel diagnostic strategy for HUT in
athletes based on hemodynamic parameters [3]. Specifi-
cally, athletes with a history of recent NCS had decreased
total peripheral resistance index (TPRI) and increased
cardiac index (CI) accompanied by decreased sympathetic
activation during passive HUT for 30 min compared with
athletes without a history of NCS [3]. These results indi-
cated that the most critical factor predisposing athletes to
NCS during upright standing is possibly inadequate
peripheral vasoconstriction due to suboptimal sympathetic
activation, with the greater CI of these athletes serving to
compensate for the decreased TPRI [3]. In this study, HUT
yielded 34% sensitivity and 94% specificity for the iden-
tification of athletes with a history of NCS based on the
occurrence of syncope during HUT, while further stratifi-
cation of negative tilt test responders, characterizing their
results as positive when TPRI < 2800 dyne-sec-m*/cm’
and CI > 3 L/(min-m?), resulted in 85% sensitivity and
76% specificity [3].

3.2 Exercise-Related NCS in Athletes
3.2.1 Timing of Occurrence of Exercise-Related NCS

Exercise-related NCS has been reported to occur mostly
after exercise [1, 9]. With regard to NCS during exercise,
the better described cases refer to older individuals with
sympathetic dysfunction, where blood pressure (BP) fails
to increase during exercise due to impairment of sympa-
thetic vasoconstriction [10]. Distinguishing if the syncopal
event occurred during or after exercise is crucial since it
will lead to direct implications in evaluation and manage-
ment. Syncopal episodes occurring during exercise without
prodromal symptoms are highly indicative of cardiac eti-
ology; however, in real practice, the distinction of whether
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syncope occurred during or after exercise may be quite
difficult, or even impossible, for sports characterized by
rapid ‘starts and stops’, such as soccer, volleyball or bas-
ketball [5]. Our study group recently reported a case of an
athlete experiencing syncope during a 5-km running race,
just after a sudden inversion of the route (U turn) [11].
Although the symptoms of the athlete in this report
occurred during running, implying at a first glance the
diagnosis of syncope occurring during exercise, a more
detailed analysis of the circumstances indicated that these
symptoms were, in essence, postexercise from a patho-
physiological view [11]. Furthermore, there is a possibility
that a modifiable noncardiac condition during exercise,
such as hyperthermia, hypoglycemia or hyponatremia, may
have caused discomfort, prompting the cessation of exer-
cise, with syncope eventually occurring immediately after
the sudden termination of exercise [12]. Therefore, the
abovementioned considerations indicate that there is a
possibility of misclassification of some postexercise epi-
sodes of syncope as falsely occurring during exercise [13].

3.2.2 Postexercise NCS

The incidence of syncope during postexercise HUT has
been found to be increased compared with during HUT
performed before exercise, with this effect appearing to
attenuate with increasing time interval between the cessa-
tion of exercise and the start of HUT [8, 14]. The transition
from supine to upright standing has been associated with
greater increase in HR and reduction of SBP after exercise
in individuals with postexercise orthostatic intolerance (OI)
compared with subjects not experiencing postexercise OI.
In addition, DBP has been shown to decrease in postexercise
OI subjects in contrast to the normal elevation of DBP in the
non-postexercise OI group [8]. Postexercise Ol may be
determined more by the postexercise MBP per se rather than
postexercise hypotension (PEH), defined as the drop of
postexercise MBP from preexercise MBP, due to the fact
that the most critical factor for the occurrence of postexer-
cise syncope appears to be the fall of postexercise MBP
below the lower limit of cerebral autoregulation, and not the
change from preexercise to postexercise MBP [3, 15]. More
intense exercise has been shown to reduce the time to pos-
texercise presyncope during combined HUT and application
of lower body negative pressure (LBNP) 15 min after the
end of exercise [16]. The reported greater PEH after more
intense exercise possibly reduces cardiovascular reserve,
positioning MBP closer to the lower limit of cerebral
autoregulation at the beginning of postexercise orthostatic
testing and thus decreasing the time to occurrence of syn-
cope during postexercise orthostatic testing [16].

The most widely accepted underlying mechanism of
postexercise reflex syncope is the sudden reduction of

venous return to the heart, resulting from the abrupt ces-
sation of muscle pump function when exercise stops sud-
denly, with a subsequent fall in LV preload and SV [15].
Immediately after the cessation of exercise of the lower
limbs, the blood flow through the previously working
muscles of the lower extremities continues to be increased,
while the lack of contraction in the muscles of the lower
extremities leads to inactivation of the skeletal muscle
pump, and thus to inefficient venous return from the lower
extremities to the right atrium [15]. Impaired postexercise
vasoconstriction due to suboptimal sympathetic stimulation
accompanied by increased HR was found to characterize
individuals with postexercise OI [17]. This higher barore-
flex-mediated HR in patients with postexercise OI trans-
lates into higher CO, tending to compensate for the
decreased total peripheral resistance (TPR) [17]. Thus,
postexercise syncope is possibly the result of a persistent
drop in TPR that is not completely offset by the increase in
CO [17, 18]. Vagal baroreflex sensitivity has been found to
not differ between subjects with and without postexercise
Ol indicating a normal response of HR due to the fall of
MBP in the former group [17]. The reported positive cor-
relation between postexercise sympathetic drive and pre-
exercise serum potassium levels, along with the reduced
circulating preexercise potassium in subjects with postex-
ercise OI, indicate a potential role of potassium to protect
against postexercise OI [17]. Further studies are needed to
confirm this mechanism. The common denominator of the
cases of postexercise Ol after endurance running appears to
be postexercise orthostatic hypotension with increased
serum creatinine levels, rather than elevated core temper-
ature, plasma volume reduction or dehydration
[12, 15, 17, 19]. Therefore, postexercise syncope is possi-
bly pathophysiologically related more to a reduction of
effective blood flow to vital organs, rather than to total
plasma volume, as indicated by deteriorated renal function,
reflecting reduced renal perfusion. From this point of view,
the most critical predisposing factor for postexercise syn-
cope and accompanied orthostatic hypotension may be the
redistribution of blood from the vital organs to the
periphery, i.e. previously working muscles and cutaneous
vasculature [12].

Syncope after exercise can be prevented despite the
occurrence of PEH, due to the autoregulation of cerebral
circulation, with syncope ensuing only when MBP falls
below the lower limit of cerebral autoregulation [3].
Presyncope has been reported to occur at comparable levels
of cerebral hypoperfusion, both before and after exercise
[16]. Although cerebral autoregulation appears to be well-
maintained following exercise of mild or moderate inten-
sity, more intense exhaustive exercise may produce a
postexercise cerebral autoregulatory deficit, providing less
protection of cerebral perfusion from PEH [20-22].
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In individuals with a history of reflex syncope occurring
only after exercise, syncope can predictably be elicited
after maximal exercise testing, but the majority of such
individuals also appear to experience syncope within
30 min of passive HUT, indicating that subjects with
postexercise syncope may have a general propensity to
neurally-mediated syncope, whether it occurs in the setting
of exercise or not [9, 23]. Furthermore, exercise-related
syncope is not uncommon in subjects with a history of
general vasovagal syncope [24]. The majority of individ-
uals with a history of vasovagal syncope have been found
to exhibit either impaired vasoconstriction or paradoxical
vasodilation in the forearm beds of resistance vessels, as
well as in the splanchnic venous beds during dynamic
exercise of the lower limbs, which is in contradiction to the
normal vasoconstriction of nonexercising vascular beds
during exercise [24-26]. Among these subjects with a
history of vasovagal syncope, impaired vasoconstriction
during exercise was more prevalent when the episodes of
vasovagal syncope were exercise-related [24]. Thus, exer-
cise-related reflex syncope may be a presentation of indi-
viduals with a general propensity to reflex syncope, which
can be attributed to impaired vasoconstriction of nonexer-
cising vascular beds. A possible mechanism underlying the
defective vasoconstriction during exercise in subjects with
a history of vasovagal syncope is inadequate activation of
the SNS, as indicated by the reported attenuated elevation
of serum noradrenaline levels compared with individuals
without a history of vasovagal syncope [18, 27].

3.3 Deglutition Syncope in Athletes

Swallowing of cold sports drinks after exercise can elicit
deglutition syncope, caused by vagal afferent activation
due to esophageal stimulation [28].

3.4 Carotid Sinus Syncope in Athletes

Carotid sinus syncope may occur during exercise if ade-
quate pressure is applied to the carotid arteries. This
mechanism has been implicated in the pathophysiology of
some cases of syncope during rotation of the head of golf
players or cyclists, and during judo choking or wrestling
strangle holds [29, 30].

4 Mechanisms of Postexercise NCS
4.1 Postexercise Hypotension
PEH is usually defined as preexercise BP — postexercise

BP. The pattern of changes of SBP and DBP following an
acute session of exercise includes an initial elevation of
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SBP and MBP within the first 5 min after the cessation of
exercise, mainly due to increased CO, as well as a reduc-
tion of DBP, reflecting the sudden withdrawal of the
impedance provided by the intermittently contracting
musculature pressing on the dilated arterioles of the exer-
cising muscles [31, 32]. After this phase, a gradual fall of
SBP and MBP, and increase in DBP, occur, all of which
remain below preexercise values in the postexercise
recovery period [32, 33]. PEH appears to result from a
persistent drop in TPR. Endo et al. showed that approxi-
mately two-thirds of the decrease in postexercise TPR after
moderate-intensity cycling for 60 min resulted from
increased vascular conductance in the lower and upper
limbs, while the contributions of renal and splanchnic
vascular beds were much smaller [34]. Postexercise vaso-
constriction in the nonexercising limbs is considered a
reflex response to vasodilation in the exercising muscles
after exercise of low or moderate intensity, serving to
prevent a major decline in postexercise TPR, while gen-
eralized vasodilation has been reported in the nonexercis-
ing limbs after exercise of high intensity [35, 36].

Peak reductions of SBP and DBP after dynamic exercise
have been reported to be up to 40 and 14 mmHg, respec-
tively, in hypertensive subjects without antihypertensive
medication, and 30 and 11 mmHg, respectively, in nor-
motensive individuals [37-39]. PEH has been shown to last
up to 20 h after dynamic exercise compared with a
nonexercise control day [40]. PEH can be induced by
exercise sessions of only a few seconds’ duration [41].

Increases in both intensity or duration of dynamic
exercise have been found to increase the duration of PEH,
as well as the peak reductions of SBP and DBP
[33, 35, 42, 43]. Duration of PEH after an exercise session
of a given duration was found to decrease in the following
order: aerobic, mixed (aerobic and resistance) and resis-
tance exercise [44]. Regarding PEH after resistance exer-
cise, both the magnitude and duration of the response
appear to increase with increasing volume of exercise
[45—49]. Chronic resistance exercise training has been
shown to reduce preexercise BP, as well as the magnitude
of PEH [50].

The most well-established underlying mechanisms of
PEH include decreased adrenergic regulation of muscle
vasomotion, histamine (H) receptor-mediated vasodilation
and modulation of cardiovagal baroreflex. The decreased
adrenergic regulation of muscle vasomotion with resultant
postexercise vasodilation is indicated by both resetting of
the baroreflex control of sympathetic outflow (a downward
shift in the operating point of the baroreceptor reflex) and
decreased postexercise transduction of muscle sympathetic
activity into vascular resistance [51-53]. The model for the
mechanism of postexercise resetting of the arterial
baroreflex was described by Chen and Bonham [54].
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Notably, both resetting of the arterial baroreflex and a
decrease in neurovascular transduction following exercise
were reported only 60 min after large muscle-mass exer-
cise, but not during the first 60 min following small mus-
cle-mass exercise, possibly explaining the absence of PEH
after small muscle-mass exercise [53, 55]. Additionally,
early PEH within 30 min after exercise has been demon-
strated to be mediated in large part by an H1 receptor-
mediated vasodilation in vascular endothelial cells, while
stimulation of H2 receptors in smooth muscle cells appears
to mediate late PEH at 60-90 min after exercise [56, 57].
Furthermore, cardiovagal baroreflex has been found to be
downregulated early after an exercise bout, possibly con-
tributing to the occurrence of early PEH, and upregulated
later after exercise, serving to attenuate the magnitude of
PEH [58-61]. This time course of the postexercise
responses of the cardiovagal baroreflex appears to occur
more consistently with maximal- compared with moderate-
intensity exercise, with the downregulation occurring
mostly within the first 30 min after the end of exercise and
the upregulation after 60 min [58-61].

Apart from the above-mentioned mechanisms that
appear to always be present, exercise-induced dehydration
has been shown to increase the magnitude of PEH and
decrease postexercise baroreflex sensitivity, while adequate
fluid ingestion during exercise to prevent dehydration can
attenuate these dehydration-associated changes [62-64].
Furthermore, thermoregulatory cutaneous vasodilation has
been found to contribute to PEH only in warm environ-
ments [65, 66]. In brief, the mechanisms of PEH can be
divided into obligatory (which are always present and
include sympathoinhibition, histaminergic vasodilation and
downregulation of the cardiovagal baroreflex) and situa-
tional (which include dehydration, hyperthermia and
gravitational stress) (Fig. 1). The relative contribution of
each mechanism to the occurrence of PEH remains to be
elucidated.

4.2 Postexercise Hypocapnia

Postexercise syncope appears to result from not only
impaired postexercise hemodynamics but also hypocapnia
[16]. Indeed, end-tidal partial pressure of carbon dioxide
(Petco2) has been shown to be positively correlated with
cerebral blood flow (CBF) after exercise, implying that
hyperventilation-induced hypocapnia after exercise may be
implicated in the pathophysiology of postexercise syncope
[16, 67, 68]. Notably, CBF at presyncope following exer-
cise was reported to be related more strongly to Pgrcoz
than to hypotension [16]. Furthermore, postural reduction
of middle cerebral artery velocity (MCAv) was shown to
be exacerbated after 30 min of dynamic exercise, and its
best independent predictor was the exercise-induced

reduction of Pgrcor rather than the fall of MBP [69].
Moreover, Ol was found to be improved during slow
controlled breathing at six breaths/min compared with
spontaneous breathing, indicating a relevant role of
hypocapnia for the induction of OI [70]. Additionally, a
decrease in Pgrcoo occurs upon assuming the erect posture,
attributed mainly to the increased tidal volume and the
reduced SV during upright standing, while both a gravity-
induced ventilation/perfusion mismatch and an increase in
functional residual capacity can also contribute to
hypocapnia [71]. Therefore, both hyperventilation-induced
hypocapnia during recovery from exercise and orthostasis-
induced hypocapnia, when recovery occurs in an upright
posture, may produce postexercise cerebral vasoconstric-
tion. In this way hypocapnia possibly diminishes cerebral
oxygen delivery independently of any change in cerebral
perfusion pressure (Fig. 1).

4.3 Postexercise Bradycardia

Apart from the classic vasodepressive postexercise syn-
cope, another uncommonly reported cause of postexercise
syncope is sinus bradycardia immediately followed by
sinus arrest due to excessive vagal stimulation [72-74].
Consistently, this type of postexercise syncope was found
to be effectively treated with the anticholinergic agent
disopyramide [75]. These episodes have been reported to
resolve spontaneously within a few seconds, followed by a
gradual increase in both BP and HR, before resuscitative
efforts could be initiated [76]. Importantly, postexercise
asystole appears to occur in individuals with normal
function of sinus node and without atrioventricular con-
duction abnormalities, implying impaired autonomic con-
trol of the heart after exercise rather than an intrinsic
myocardial electrophysiologic abnormality [74, 76].

4.4 Bezold-Jarisch Reflex

Stimulation of the Bezold—Jarisch reflex can underlie the
induction of some episodes of reflex syncope in an upright
posture, although this mechanism has not been demon-
strated to be operative in the postexercise setting [77]. The
sudden cessation of muscular activity of the previously
exercising lower limbs immediately after exercise may
reduce venous return to the heart, compromising cardiac
filling. At the same time, postexercise upregulation of
plasma catecholamines can induce forceful ventricular
contractions against a diminished ventricular volume.
These ventricular contractions can stimulate LV
mechanoreceptors (c-fibers) and, through the cardiac
depressor reflex, known as Bezold-Jarisch reflex, may
induce hypotension and bradycardia [77].
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Fig. 1 Pathophysiological mechanisms underlying postexercise syncope. CBF cerebral blood flow, H histamine, MBP mean blood pressure,
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S Mode of Exercise and Postexercise NCS

The overwhelming majority of studies investigating pos-
texercise NCS refer to long-distance running [12]; how-
ever, postexercise NCS has also been well-reported after
cycling [73], and a few case reports after marathon
swimming have been published [78]. Although the typical
form of postexercise NCS occurs when the subject is in an
upright posture after exercise, there is a possibility of
postexercise NCS in the seated position, such as in rowers
[79]. Runners participating in endurance events collapse
more frequently near cut-off times for medals or race
closure, implying that extreme physical effort beyond the
athlete’s capability may induce undue stress to the athlete’s
circulatory system that could predispose to syncope [12].
SAFER (Strategies to reduce Adverse medical events For
the ExerciseR) studies I, II and III found that the incidence
of postural hypotension was higher in 56-km running races
than in 21-km running races, in females, and in slow-pace
runners [80-82]. Although the non-randomized nature of
these case—control studies cannot exclude the presence of
confounders, these data imply that postural hypotension
may be more likely to occur when the duration of a race is
longer since females usually run at a slower pace than
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males and a slower pace results in a longer duration of
running for a given distance.

The above-mentioned considerations regarding the
pathophysiology of exercise-related NCS refer mainly to
studies using dynamic exercise, while the relevant data
regarding resistance exercise are more limited. Acute
resistance exercise performed with continued normal ven-
tilation can potentially result in the postexercise fall of
CBF associated with symptoms of OI immediately after
exercise [83, 84]. Several additional mechanisms may
exacerbate this state and contribute to syncope after resis-
tance exercise. First, the Valsalva maneuver is frequently
performed during resistance exercise and has been shown
to reduce CBF, especially when performed in the upright
position [85]. Second, the commonly used hyperventilation
before resistance exercise has been found to contribute to
the occurrence of postexercise NCS, especially when the
athlete stands upright immediately after exercise, due to the
hyperventilation-induced cerebral vasoconstriction [83].
An uncommon mechanism of NCS after resistance exercise
can occur in the setting of weightlifting maneuvers.
Specifically, NCS has been reported after a ‘clean and jerk’
lift, the so-called ‘blackout’, and has been attributed to the
‘mess trick’ or ‘fainting lark’ mechanism, in which
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syncope is provoked by first hyperventilating in a squatted
position and then rising quickly in combination with a
maintained Valsalva maneuver [86, 87].

6 Exercise-Related Collapse

Exercise-related syncope should be distinguished from
exercise-related collapse, where the athlete falls to the
ground, being unable to stand or walk unaided, without true
loss of consciousness or cerebral hypoperfusion [12, 88].
Exercise-related collapse commonly occurs after the
completion of endurance running events and is usually
associated with hyperthermia, dehydration, hyponatremia
or hypoglycemia [88]. However, there is a possibility one
of these medical entities could predispose to true syncope.
Specifically, exertional heat illness in athletes can be
manifested by OI and true syncope, the so-called heat
syncope, which occurs with orthostatic hypotension,
resulting from heat-induced peripheral vasodilation
[89-91]. Indeed, skin blood flow is under baroreceptor
influence, but the ability of skin to vasoconstrict during
gravitational stress was shown not to be able to completely
override excessive heat-induced vasodilatation [92]. Pos-
sible mechanisms of exercise-related heat syncope include
not only hypotension due to inappropriate vasodilation but
also heat-induced impairment of cerebral autoregulation
[93]. Heat syncope often occurs in unfit or heat-unaccli-
matized individuals, before blood volume expands and
cardiovascular adaptations are complete, especially when
wearing a uniform or insulated clothing that promotes
maximal skin vasodilation [89, 94]. Impaired conscious-
ness can be induced by hypoglycemia because the brain is
normally dependent on glucose for oxidative metabolism.
In addition, hypoglycemia, which is frequently observed in
endurance sports, can predispose to true exercise-related
syncope by reducing baroreflex sensitivity and the response
of the SNS to orthostatic stress [95].

7 Comparison of Orthostatic Responses Between
Athletes and Nonathletes

The issue of the impact of physical fitness on orthostatic
responses has been studied in three settings. First,
prospective studies investigating whether chronic exercise
training can change orthostatic responses in untrained
individuals; second, cross-sectional comparisons between
trained and untrained individuals; and third, prospective
studies investigating whether detraining can change
orthostatic responses in trained individuals. The majority of
relevant studies were performed with the first or second
design. The first setting constitutes the most appropriate

approach for the evaluation of the effects of chronic
exercise training on orthostatic parameters and OI because
the observed changes can be attributed only to exercise
training, while, in the second setting, orthostatic responses
can be influenced by various confounders.

7.1 The Impact of Chronic Exercise Training
on Orthostatic Responses

With regard to the first setting, endurance exercise training
for at least 3 months has been shown to attenuate OI, as
demonstrated by both decreased number of patients with
positive HUT and increased tolerance time in subjects with
positive HUT [96-100]. The beneficial effect of chronic
exercise training regarding the attenuation of OI was first
demonstrated by Allen et al. in identical twins who fainted
on the tiltboard [101]. After a 3-week exercise training
program applied to one of the twins, a subsequent HUT-
induced syncope could only be elicited in the untrained
twin. The exercise-induced increase in tolerance time
during orthostatic stress has been shown to not occur in
subjects with high baseline orthostatic tolerance, and
appears to be positively correlated with the magnitude of
the exercise-induced increase in plasma volume, with the
existence of a threshold of 150 mL, above which there is a
clinically meaningful decrease in OI [97, 98]. Notably,
orthostatic tolerance has been reported to increase after
resistance exercise training of the lower limbs, rather than
after resistance exercise training of the upper limbs
[102, 103].

The decreased baroreflex sensitivity during orthostatic
stress as a result of chronic exercise training has been
convincingly demonstrated to be induced by exercise-in-
duced hypervolemia, possibly reflecting less need for the
recruitment of baroreflex mechanisms in the context of
hypervolemia-induced attenuation of orthostatic stress
[97, 98, 104]. Chronic exercise training appears to not
influence the overall ability for upregulation of TPR during
orthostatic stress, indicating the existence of effective
vasoconstriction of the lower limbs, although the vaso-
constrictor responses in both upper limbs and renal vas-
culature during orthostatic stress have been found to be
attenuated, reflecting the downregulation of baroreflex
responses during orthostatic stress [104, 105].

Additionally, the beneficial effects of chronic exercise
training to reduce both symptoms of OI and HR during
HUT have been convincingly demonstrated in patients with
postural orthostatic tachycardia syndrome (POTS), which
is characterized by an excessive increase in HR during
upright standing accompanied by symptoms of OI, but
without orthostatic hypotension [106, 107]. Taking into
account that low SV, due to cardiac atrophy and hypov-
olemia, has been implicated in the pathogenesis of POTS,
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the reported reduction of OI by chronic exercise training in
patients with POTS is possibly attributable to the increase
in LV dimensions and blood volume, both of which lead to
augmentation of SV [106].

The results of prospective studies evaluating the effects
of chronic exercise training on OI may be confounded by
the accompanied weight loss, which tends to increase OI
[108-110]. Indeed, studies applying exercise interventions
with considerable weight loss failed to demonstrate any
improvement in OI, while studies without significant
exercise-induced weight loss consistently found a decrease
in OI [96, 97, 111].

7.2 The Relationship between Physical Fitness
and Orthostatic Responses

Regarding the second setting of cross-sectional comparison
of orthostatic responses between trained and untrained
individuals, the inconsistency in the reported relationship
between orthostatic responses and maximal oxygen con-
sumption (VO,,.x) could be interpreted in light of two facts.
First, VO« is influenced more by the intensity than the
volume of aerobic exercise, and, second, subjects with a
higher body mass index (BMI) are characterized by both
decreased VO« and reduced OI, representing a con-
founding effect of BMI on the relationship between VO, ,,.x
and orthostatic responses [110, 112—-114]. The comparison
of parameters of hemodynamics, HR variability (HRV) and
baroreflex sensitivity between trained and untrained indi-
viduals is most prudently performed using the average values
of these parameters during orthostatic stress rather than their
changes from a pretest supine posture, because the latter
calculations are greatly influenced by the pretest differences
in supine parameters between trained and untrained subjects.

An important drawback of the previous studies investi-
gating the differences in orthostatic responses between
trained and untrained individuals was that the studied
individuals were not evaluated for the presence of a history
of NCS, which can profoundly influence orthostatic
responses [114]. The only relevant trial that took into
account the history of NCS was recently performed by our
study group [114]. In this study, a full assessment of
hemodynamics, HRV and baroreflex sensitivity during
passive HUT was performed in four groups: athletes with a
history of recent NCS; athletes without NCS; nonathletes
with a history of recent NCS; and nonathletes without NCS
[114]. This trial performed adjusted analysis for sex, age
and BMI, which constitute the most well-established con-
founders of orthostatic responses. The necessity of this
adjustment is further reinforced in the context of compar-
ison between athletes and nonathletes since the usually
found younger age and lower BMI of athletes compared
with nonathletes are associated with diminished
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vasoconstrictor response of the former during orthostatic
stress [110, 114]. This study found that the main underly-
ing mechanism for the occurrence of NCS during upright
standing in athletes was decreased TPRI compared with
inadequate preservation of stroke index (SI) in non-athletes
[114]. Moreover, this study demonstrated that HR during
HUT was higher in nonathletes compared with athletes,
reflecting the greater orthostatic stress of nonathletes [114].
Consistently, among the participants without NCS, the
frequency of positive results of HUT was higher in
nonathletes, implying a possibly reduced ability of
nonathletes to cope with orthostatic stress [114]. Thus, the
main mechanism explaining the decreased OI of athletes is
possibly the augmented SV of athletes during orthostasis
compared with nonathletes, which can be attributed to the
well-known expansion of blood volume after chronic
exercise training, as well as to the improved LV mechanics
in athletes characterized by greater SV for any given LV
filling pressure [114-117].

Additionally, the slope MCAV/LBNP during graded
LBNP was smaller in physically active elderly individuals
compared with sedentary elderly subjects, implying the
possible existence of improved cerebral autoregulation
during orthostatic stress in trained individuals [118].
Although increased lower limb venous compliance has been
shown in trained compared with untrained subjects, it may
not contribute to the differential OI between trained and
untrained individuals since no difference has been found in
venous emptying and venous return from the lower limbs
between trained and untrained individuals [119, 120]. There
are a few studies reporting no relationship between the level
of physical fitness and the hypotensive response to HUT after
an exercise session [69, 121]; however, the issue of the
impact of training status on postexercise orthostatic
responses needs further investigation.

The above-mentioned differential orthostatic responses
between trained and untrained individuals have been
demonstrated in comparisons of individuals with different
levels of aerobic fitness [120, 122, 123]. The comparison of
orthostatic responses between subjects with different levels
of strength power needs further investigation. Ifuku and
Shiraishi showed that the baroreflex increase in TPR was
greater during HUT than during head-up suspension in
track and field athletes, but not in swimmers [124]. Fur-
thermore, these changes during HUT were greater in track
and field athletes compared with swimmers [124]. Taking
into account that antigravity muscles of the lower limbs are
activated only during HUT and not during head-up sus-
pension, these findings suggest that the action of the anti-
gravity muscles to prevent venous pooling in the lower
limbs during upright standing is upregulated in track and
field athletes compared with swimmers, serving to preserve
more efficiently venous return to the heart during
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orthostasis in the former compared with the latter. This
difference can be plausibly attributed to the fact that track
and field athletes train under terrestrial gravity, while
exercise training for swimmers is performed in a
hypogravity environment. In this respect, chronic exercise
training on land may induce more advantageous cardio-
vascular responses during upright standing compared with
exercise training in water.

7.3 The Impact of Detraining on Orthostatic
Responses

With regard to the effects of detraining on orthostatic
parameters, detraining of marathon skaters for 1 month
increased HR during HUT, implying an increase in ortho-
static stress [125].

8 Evaluation of Athletes with Exercise-Related
Syncope

The most important clues in the evaluation of an athlete
presenting with exercise-related syncope can be obtained
from the clinical history (Fig. 2) [4]. In this respect,

meticulous history-taking should be performed by the
clinician and specific details regarding the setting in which
the episode of syncope occurred can inform the clinician
whether the etiology was cardiac or not. Specifically, clues
from the clinical history that raise the possibility the epi-
sode of syncope was due to a cardiac disorder are the
occurrence of syncope during exercise and the onset of
palpitations or chest pain shortly before syncope. Other
clues that suggest a cardiac etiology are rapid onset of the
syncope without prodromes, and short duration of syncope
lasting for a few seconds, with spontaneous complete
recovery from the episode [4]. On the other hand, a non-
cardiac etiology is strongly indicated when syncope
occurred immediately after the termination of exercise,
especially when syncope was preceded by prodromes of
abdominal discomfort and nausea. A long history of OI
may be linked with a propensity for the occurrence of
exercise-related NCS. Furthermore, the clinician should
confirm that the athlete has no first-degree relatives with an
inherited cardiac disorder or with a history of sudden car-
diac death, unexplained drowning or unexplained motor
accident at a young age. Importantly, the diagnosis of
exercise-related NCS is a diagnosis of exclusion of any
cardiac disorder, and thus can be reached only after an

Athlete with exercise-related syncope

Details of the episode

*During exercise
*Palpitations/chest pain
*No prodromes

*Clinical examination
Electrocardiogram
*Echocardiography
*Exercise stress testing
*Holter monitoring
(-)

Low suspicion

*Postexercise
*Prodromes

*Clinical examination
(+) *Electrocardiogram
*Echocardiography

Family history
*Inherited cardiac disorder ()

()
(+) High suspicion

(+)

*Cardiac magnetic imaging
*+/- Genetic testing

+) Q

Cardiac etiology
Disqualification from sports

Follow up with serial evaluation
Eligible for sports

*Sudden cardiac death
*Unexplained drowning
*Unexplained motor accident

()

Noncardiac etiology
Reassurance

Fig. 2 Algorithm for the evaluation of athletes with exercise-related syncope
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extensive diagnostic work-up, including clinical examina-
tion, electrocardiogram, echocardiography, exercise stress
testing and ambulatory 24-h Holter monitoring. Cardiac
magnetic imaging or genetic testing can be further con-
sidered if there is a high level of suspicion for a cardiac
disorder. Finally, the demonstration of a considerable drop
in BP accompanied by symptoms of OI after the termina-
tion of exercise stress testing, as well as a positive tilt
testing, suggest that a previous episode of postexercise
syncope was possibly of noncardiac etiology.

9 Conclusions

NCS in young athletes is of reflex origin and is usually
either orthostasis-induced or occurs after the cessation of
an exercise session. Postexercise syncope appears to result
from not only hypotension but also hypocapnia. The most
critical factor predisposing to PEH may be impaired pos-
texercise vasoconstriction. Moreover, athletes appear to
exhibit lower propensity to OI and more advantageous
orthostatic responses compared with nonathletes. Taking
into account that chronic exercise training has been shown
to improve OI, this type of intervention may also prove
valuable in the treatment of OI in sedentary individuals.
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