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Aims The clinical effects of different modalities of treatment for neurally mediated syncope have been
studied for years; however, their influences on its pathophysiological mechanisms still have not been
determined. This research aimed to observe the effects of physical training, tilt training, and pharma-
cological therapy on the arterial baroreflex sensitivity and muscle sympathetic nerve activity in neurally
mediated syncope patients.
Methods and results Seventy patients with recurrent neurally mediated syncope were included in this
study. Patients were divided into the following four groups, depending on the treatment proposed:
(i) physical training, (ii) tilt training, (iii) pharmacological therapy, and (iv) control group. All patients
underwent an autonomic evaluation with microneurography, when the vagal and sympathetic arterial
baroreflex gain were tested, using graded infusions of phenylephrine or sodium nitroprusside, before
and 4 months after the interventions. The vagal and sympathetic arterial baroreflex gain significantly
increased after a 4-month protocol of physical training. Tilt training, pharmacological therapy, and
the control group had no significant change in the arterial baroreceptor responses.
Conclusion Physical training improves arterial baroreflex sensitivity in neurally mediated syncope
patients and could be applied as a non-pharmacological therapeutic alternative for these patients.

KEYWORDS
Syncope;

Baroreceptors;

Autonomic nervous system;

Exercise

Introduction

Pathophysiological mechanisms involved in neurally mediated
syncope are not completely understood.1,2 Several studies
have attempted to identify the pathways involved in this
syndrome. Some authors have described a compromised
baroreflex regulation in these patients.1,2 Alterations in vas-
cular resistance, possibly due to a failure in vessel constric-
tion mediated by muscle sympathetic nerve activity (MSNA)
increases, could in part explain this occurrence.3,4 On the
other hand, it has been reported that neurally mediated
syncope patients have an increased MSNA at rest, which
could be interpreted as a compensatory mechanism
against the deficit in peripheral circulatory control.1

Although many different proposed treatments are
available for neurally mediated syncope, their long-term
results are not as good as expected. Studies evaluating the
influences of these treatment strategies on the supposed
pathophysiological mechanisms are scarce.

Physical training has been described as a useful strategy in
the management of this syndrome. The benefits of exercise

in these patients include an increase in blood volume and in
leg muscle mass.5 These effects improve central blood
volume distribution and reduce venous pooling.6 Increased
orthostatic tolerance was observed in neurally mediated
syncope patients who underwent 3 months of physical train-
ing.7–9 It is also recognized that the arterial baroreflex is
closely related to circulatory control during orthostatic
stress and during exercise practice in acute or chronic
ways.10 Some authors have described an improvement in
baroreflex sensitivity in experimental models involving a
physical training programme.11–13

The aim of this study was to evaluate the effects of physical
training on vagal and sympathetic arterial baroreflex gain in
neurally mediated syncope patients and compare it with
other recognized modalities of treatment for this syndrome.

Methods

Study population

Seventy patients were included in this study, which was approved by
the Human Subject Protection Committee of the Heart Institute
(InCor) and Clinics Hospital of the University of São Paulo Medical
School. All subjects gave written informed consent to participate
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in this research. Consecutive outpatients meeting the following
inclusion/exclusion criteria were offered participation in the
study: (i) age between 15 and 50 years, (ii) neurally mediated
syncope diagnosis established by suggestive clinical history and a
positive tilt-table test (tilt responses: 38 mixed, 17 cardioinhibitory,
and 15 vasodepressive), (iii) both sexes, (iv) recurrent syncope epi-
sodes (2 or more episodes within the 6 months before the beginning
of the protocol), (v) refractory to general measures like increased
salt and water intake, elastic sock wearing, recognition of prodro-
mic symptoms, and fractionated food intake, (vi) absence of any
structural heart disease, arrhythmias, diabetes, neurological dis-
eases, and any drug treatment, (vii) absence of regular physical
exercise in the last 6 months before the beginning of the protocol,
and (viii) no muscle skeletal abnormality (e.g. arthritis) prohibiting
participation in an exercise programme. All patients were followed
monthly in our ambulatory care centre, where they were asked
about their performance in the interventions. The four groups
were instructed to optimize the general measures like increased
salt and water intake, elastic sock wearing, recognition of prodro-
mic symptoms, and fractionated food intake.

Study protocol

Patients with neurally mediated syncope were divided into the
following four groups, according to the modality of treatment
proposed: (i) pharmacological therapy (PhT), (ii) physical training
(PT), (iii) tilt training (TT), and (iv) control group. The patients of
the three intervention groups (PhT, TT, and PT) were divided on
the basis of a randomized sequence. Factors like impossibility to
come to our rehabilitation centre were considered, in order to
include the patient in our study. The control group was designed
after the beginning of the study protocol, aiming to create a com-
parison way among the treatment options and the general measures
usually adopted.
Resting MSNA and baroreflex sensitivity were obtained before

initiating the therapeutic interventions. The patients, in a fasting
state, were positioned for microneurography and a satisfactory
nerve-recording site from the peroneal nerve was obtained. Blood
pressure (Finapres model 2300, Ohmeda, Englewood, CO, USA)
and heart rate (EKG) were measured non-invasively. A venous
cannula was inserted into an antecubital vein. Initially, 3 min of
resting MSNA, blood pressure, and heart rate were recorded, after
a 10 min supine resting period.
The same procedures were repeated 4 months post-interventions.
The initial size of each group were 20 patients in pharmacological

therapy group, tilt training group and physical training group, and
10 patients in the control group. We finished our study with 20
patients in the pharmacological therapy group, 14 in the tilt training
group, 11 in the physical training group, and nine in the control
group.

Muscle sympathetic nerve activity

MSNA was recorded from the right peroneal nerve using the micro-
neurography technique.14,15 In brief, the right leg was immobilized
and securely positioned on the tilt table using an adjustable leg
brace to maximize successful recordings. A unipolar tungsten elec-
trode (uninsulted tip diameter of 1–5 mm, shaft diameter of
200 mm) was inserted into the muscle nerve fascicles of the pero-
neal nerve for multiunit recordings. Nerve activity signals were
amplified by a factor of 50 000–100 000 and band-passed filtered
(700–2000 Hz). The signal was then rectified, amplified approxi-
mately 100-fold, and integrated (time constant 0.1 s) to obtain a
mean voltage display of sympathetic activity. As previously
described,16 we considered a recording of sympathetic nerve
activity acceptable: (i) when the microneurography signal demon-
strated spontaneous, pulse-coupled bursts of nerve activity that
exceeded by three-fold the background noise signal; (ii) when
there was no evidence of increased activity over time; (iii) when

activity returned to basal after procedures affecting sympathetic
tone. The sympathetic nature of the recordings was indicated by
increased activity during hypotensive phase of the Valsalva maneu-
ver or by inhibition of the activity during the blood pressure over-
shoot of the same maneuver.16 Muscle sympathetic bursts were
identified by visual inspection by a single investigator and were
expressed as burst frequency (bursts/min) and bursts/100 heart-
beats. The reproducibility of MSNA measured at different time
intervals in the same individual expressed as bursts/min is r ¼
0.88, and expressed as bursts/100 heartbeats is r ¼ 0.91.17

Arterial baroreflex sensitivity

After a resting MSNA recording was obtained, baroreflex sensitivity
was assessed using a crescent dose infusion of phenylephrine and
sodium nitroprusside (25, 50, 100 mg). Infusions were given in
ascending order, with each concentration lasting 3 min.
Quantification of arterial baroreflex responses to pharmacological

manipulations of blood pressure was achieved by using the
regression analysis model, as previously reported,18 whereby the a
values obtained in the regression linear equation (ax þ b) were
assumed to be the variable equivalent to arterial baroreflex
sensitivity.
Infusions were given in ascending order, with each concentration

lasting 3 min.16 For our analysis of vagal and sympathetic arterial
baroreflex gain, all heart rate and MSNA values obtained
minute-to-minute during phenylephrine and sodium nitroprusside
infusions were crossed with their respective diastolic arterial
pressure values.

Cardiopulmonary exercise testing

All patients underwent cardiopulmonary exercise testing before and
4 months after therapeutic interventions. Maximal exercise capacity
was determined by a maximal progressive exercise test on an elec-
tromagnetically braked cycle ergometer (Medfit 400L, Medical
Fitness Equipment, Maarn, Netherlands), with continuous work
rate increments at 60 r.p.m. until exhaustion. Oxygen uptake
(VO2) and carbon dioxide production were determined by gas
exchange on a breath-by-breath basis in a computerized system
(CAD/Net 2001, Medical Graphics Corporation, St Paul, MN, USA).
Peak VO2 was defined as the maximum attained VO2 at the end
of the exercise period in which the subject could no longer maintain
the cycle ergometer velocity at 60 r.p.m. This method is con-
sidered the gold standard for assessing exercise capacity.19 The
anaerobic threshold was determined to occur at the break-point
between the increase in the carbon dioxide output and VO2

(V-slope)20 or the point at which the ventilatory equivalent for
oxygen and end-tidal oxygen partial pressure curves reached their
respective minimum values and began to rise.21 When these three
parameters for determination of the anaerobic threshold were not
coincident, the criterion chosen was the point in which the venti-
latory equivalent for oxygen and end-tidal oxygen partial pressure
curves reached their respective minimum values and began to rise.
Respiratory compensation was determined to occur at the point at
which the ventilatory equivalent for carbon dioxide was lowest
before a systematic increase and when end-tidal carbon dioxide
partial pressure reached a maximum and began to decrease.22

When these two parameters for determination of the respiratory
compensation point were not coincident, the criterion chosen was
the point in which the ventilatory equivalent for carbon dioxide
was lowest before a systematic increase. The reproducibility of
the peak VO2 measured at different time intervals in the same indi-
vidual expressed as mL/kg/min in our laboratory is r ¼ 0.95.

Exercise training programme

The training programme was based on previous studies23–25 that
demonstrate a conditioning effect. Patients underwent supervised
exercise training at the Rehabilitation Unit of the Heart Institute.
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The 4-month training programme consisted of three 60 min exercise
sessions/week. Each exercise session consisted of 5 min stretching
exercises, 40 min of cycling on an ergometer bicycle, 10 min of
local strengthening exercises (sit-ups, push-ups and pull-ups),
5 min of cool down with stretching exercises. The exercise intensity
was established by heart rate levels that corresponded to an anaero-
bic threshold up to 10% below the respiratory compensation point
obtained in the cardiopulmonary exercise test. When a training
effect was observed, as indicated by a decrease of 8–10% in heart
rate during exercise, the bicycle work rate was increased by 0.25
or 0.5 k.p.m. to return to target heart rate levels. In case of any
symptom, the training session was interrupted, and the patient
assumed a supine position.

Tilt training programme

The tilt training programme was performed at home. An exception
was made for the first week when the subjects performed the tilt
training sessions at the hospital, under supervision and accompanied
by one family member. Subjects were instructed to maintain an
upright posture for 30 min, if tolerated, in a three times/week pro-
gramme, standing and leaning with the upper back against a wall,
the feet 15 cm away from the wall. These home sessions should be
performed in a safe environment, under the supervision of a family
member. Sessions should be interrupted at the first symptom occur-
rence, when the patient was instructed to assume the supine
position. All patients were instructed to keep a diary, describing
the training sessions (exposure duration and the stopping reason, if
,30 min). Weekly phone calls were performed to each patient, in
order to maintain the protocol compliance in this group.

Pharmacological therapy

In the pharmacological therapy group, the drugs used were fludro-
cortisone (1–2 mg/kg/day), beta-blockers (1–2 mg/kg/day), or
serotonin reuptake inhibitors (sertraline—50 mg/day or fluoxetine—
20 mg/day).
The drug was chosen empirically and maintained according to the

tilt-table test response; modifications of dosage or type of drug
were made when a positive response to tilt was achieved after
therapy introduction.26

Control group

The control group was instructed to optimize the general measures
and to avoid the triggers, as previously described. Any symptom
observed was to be reported to researchers. Participants were
also to avoid any regular exercise programme.

Statistical analysis

The data are presented as mean+ SD. One-way ANOVA was per-
formed to compare the resting characteristics of the patients.
Scheffe’s post hoc comparison was used to determine differences
between groups, if necessary. To determine the differences
between slopes in arterial baroreflex sensitivity, two-way ANOVA
was performed to compare the values in the four groups. In case
of significance, Scheffe’s post hoc comparison was used to deter-
mine differences between groups. A P-value of ,0.05 was con-
sidered statistically significant.

Results

Baseline measurements

The clinical characteristics of the patients are shown in
Table 1. There were no significant differences in age,
weight, height, sex, heart rate, peak oxygen uptake, MSNA
(bursts/min), and MSNA (bursts/100 heartbeats). We were
able to achieve good MSNA recordings in 54 patients in our
study. The other patients were not included in the statistical
analysis.

Clinical recurrence

All patients included in this study presented at least two or
more episodes within the 6 months before the beginning of
the protocol. Our clinical follow-up was taken during the
time of each intervention (4 months). The pharmacological
treatment group presented four syncope episodes in four
different patients (one each). Absence of syncope episodes
was verified in the tilt training group. Two syncope episodes
were observed in the control group, in two different
patients, and two syncope episodes were observed in two
different patients, in the physical training group.

Muscle sympathetic nerve activity pre- and
post-interventions

Resting MSNA measures were not different in the four
groups. Nevertheless, a variation was observed in the
control group, as presented in Table 2. MSNA, evaluated in
bursts/100 heartbeats showed a significant increase in the
post-intervention period (17+11 vs. 30+7, P ¼ 0.00).

Table 1 Baseline physiologic parameters

CO group (n ¼ 9) PT group (n ¼ 11) TT group (n ¼ 14) PhT (n ¼ 20) P-value

Age (years) 27+3 26+3 21+2 26+2 0.46
Gender (M/F) 4/5 6/5 4/11 8/12 0.53
Weight (kg) 65+5 68+4 57+3 62+3 0.24
Height (m) 1.68+0.6 1.69+0.5 1.65+0.7 1.68+0.6 0.58
Peak VO2 (mL/kg/min)

(% predicted normal value)
30+10 (79%) 27+8 (72%) 25+6 (63%) 25+6 (65%) 0.25

MAP (mmHg) 97+8 99+12 102+13 98+7 0.69
HR (b.p.m.) 68+15 69+9 69+14 69+11 0.98
MSNA (bursts/min) 11+7 20+8 17+9 18+9 0.17
MSNA (bursts/100 heartbeats) 17+11 36+12 25+13 25+9 0.15

Values are mean+ SD.
CO group, control group; PT group, physical training group; TT group, tilt training group; PhT group, pharmacological therapy group; VO2, oxygen uptake;

MAP, mean arterial pressure; HR, heart rate; MSNA, muscle sympathetic nerve activity.
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Heart rate pre- and post-interventions

The physical training group had a significant decrease in the
baseline heart rate (69+9 vs. 60+8 b.p.m., P ¼ 0.01), as
did the pharmacological therapy group (69+11 vs. 64+
8 b.p.m., P ¼ 0.006). The control group and the tilt training
group did not have significant differences. Values are fully
presented in Table 2.

Peak oxygen uptake pre- and post-interventions

Patients who underwent physical training had a marked
increase in peak oxygen uptake, compared with the other
groups (27+8 vs. 33+9 mL/kg/min, P ¼ 0.04). Data are
fully presented in Table 2.

Vagal and sympathetic arterial baroreflex
sensitivity

MSNA demonstrated a better response after both infusions in
the physical training group, as shown in Figure 1 (P ¼ 0.04).
The patients in the control group, when receiving tilt train-
ing and pharmacological therapy, did not have any signifi-
cant changes, as observed in Figure 1A–D.

On the basis of vagal and sympathetic arterial baroreflex
gain, heart rate demonstrated a better response after both
infusions, in the physical training group, as shown in Figure 2
(P ¼ 0.03). Similar to the MSNA response, the control group,
tilt training, and pharmacological therapy group did not have
any significant changes, as shown in Figure 2A–D .

Discussion

One of the initial observations of our study is that resting
MSNA values showed important variations among the

patients and were not different from the profile previously
observed in the control subjects in our laboratory.23,27 This
finding opposes the findings of other authors1 who described
an increased resting MSNA in neurally mediated patients,
suggesting a great heterogeneity of autonomic tone among
them.

The variation in the MSNA observed in our control group,
not undergoing any specific intervention, suggests that differ-
ent patterns of autonomic tone may occur not only among
patients, but also in the same patient over time. This fact
could explain the long periods of symptoms remission
observed in these patients; it could also justify the difficulties
in determining one single pathophysiological mechanism and
achieving an appropriate treatment for this syndrome.

Until now, the impact of different therapeutic interven-
tions proposed for the mechanisms responsible for the circu-
latory control in neurally mediated syncope patients is not
well established. Altered autonomic circulatory control,
especially in high- (arterial) and low- (cardiopulmonary)
pressure receptors is apparently involved in neurally
mediated syncope episodes, according to the literature.
Wijeysundera et al.2 demonstrated an attenuated baroreflex
mediated by cardiopulmonary receptors in presyncopal sub-
jects who fainted during the tilt table test. This finding
could signify a lower ability to increase the sympathetic
tone aiming to obtain a vasoconstrictor response on skeletal
muscle, which is desired once the subject is exposed to
orthostasis. Mosqueda-Garcia et al. in 199716 also described
the inability to increase MSNA during orthostatic stress in
neurally mediated syncope patients. To reinforce this
hypothesis, Furlan et al. in 199828 observed lower MSNA, fol-
lowed by an overreacted heart rate response, suggesting a
deranged sympathetic outflow to the vessels but not to

Table 2 Cardiopulmonary and haemodynamic characteristics of all groups pre- and post-interventions (4 months)

Groups Pre-interventions Post-interventions P-value

Peak VO2 (mL/kg/min) Control 30+10 28+9 0.54
Physical training 27+8 33+9a,b 0.04a; 0.05b

Tilt training 25+6 25+9 0.89
Drug therapy 25+6 24+6 0.74

MAP (mmHg) Control 97+8 97+10 0.91
Physical training 99+12 96+9 0.65
Tilt training 102+13 100+8 0.56
Drug therapy 98+7 101+12 0.23

HR (b.p.m.) Control 68+15 61+17 0.06
Physical training 69+9 60+8a 0.01
Tilt training 69+14 71+12 0.56
Drug therapy 69+11 64+8a 0.00

MSNA (bursts/min) Control 11+7 13+9 0.63
Physical training 20+8 19+10 0.42
Tilt training 17+9 18+9 0.89
Drug therapy 18+9 18+10 0.87

MSNA (bursts/100 heartbeats) Control 17+11 30+7a 0.00
Physical training 36+12 29+14 0.13
Tilt training 25+13 28+11 0.23
Drug therapy 25+9 27+10 0.22

Values are mean+ SD.
VO2, oxygen uptake; MAP, mean arterial pressure; HR, heart rate; MSNA, muscle sympathetic nerve activity.
aVs. pre-interventions.
bVs. other groups (ANOVA).
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the heart, in the chronic orthostatic intolerance. Morillo
et al.29 demonstrated that neurally mediated syncope
patients were unable tomaintain theMSNA and consequently,
the vasoconstriction in the lower limbs,when undergoing long
periods of standing. In addition to these data, Béchir et al.1

described increased resting MSNA in syncopal patients, com-
pared with that in a control group, suggesting a dysfunction in
autonomic balance, which participates in the pathophysiol-
ogy of neurally mediated syncope. In review, poor blood
volume distribution, characterized by a severe venous
pooling instead of maintenance of the central blood flow, is
one of the most important causes of vasovagal reactions.

Concerning exercise training, although frequently reco-
mmended, the literature reporting its effects on neurally
mediated syncope patients is rare. To our knowledge, no
other published studies compare the effects of exercise
training to any other kind of currently applied treatment
on the supposed pathophysiological mechanisms.

The benefits of exercise on arterial baroreflex sensitivity
are well established in experimental models.11–13,30 In our
study, to evaluate arterial baroreflex sensitivity, we have
chosen the crescent dose infusion method, with the
patient in a supine position,16 trying to avoid any exacer-
bation reaction of the circulatory system during sodium
nitroprusside infusion. We believe that by using this
method, we can maintain better control over blood pressure
than performing bolus infusions, considering that these

patients have impaired baroreflex sensitivity, as demon-
strated by several authors.2,16,29

Our hypothesis was that a regular exercise programme
would promote systemic modifications potentially beneficial
to vasovagal syncope patients. It is well described that
chronic aerobic exercise can increase blood volume and
muscle tone, contributing to optimization of venous
return, a desirable effect to neurally mediated syncope
patients. In fact, Wieling and van Lieshout31 described an
increase in orthostatic tolerance and plasma volume in sub-
jects who participate in a moderate physical training
program. The benefits of exercise in improving orthostatic
tolerance were demonstrated by Allen et al.,32 when 2 iden-
tical twins with a history of fainting were studied. One par-
ticipated in a physical exercise program, while the other
remained sedentary. After 3 weeks, both twins underwent
a head-up tilt, and only the trained twin tolerated the
test. Physical training can also induce modifications in the
autonomic nervous system, which can oppose those
observed in vasovagal syncope patients. Our results demon-
strated, for the first time, the effects of a physical training
program on arterial baroreflex sensitivity, as well as that
there are no effects from other available therapeutic inter-
ventions. No significant modification was observed during a
4-month follow-up after tilt training, drug therapy, and
general measures; however, in the physical training group,
positive and significant modulation of vagal and sympathetic

Figure 1 Arterial baroreflex sensitivity for MSNA in the four groups during sodium nitroprusside infusions (A) and phenylephrine infusions (C). Note that the
physical training group was the only one that showed improvement in the a values, which are related with the arterial baroreflex sensitivity for MSNA, as demon-
strated in items B and D. *P ¼ 0.04 vs. other groups; BAS, mean of the baseline values in the four groups; CO, control group; PT, physical training group; TT, tilt
training group; PhT, pharmacological therapy group; MSNA, muscle sympathetic nerve activity; DP, diastolic pressure; a, arterial baroreflex sensitivity.
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arterial baroreflex gain was achieved. In this syndrome, an
improvement in arterial baroreflex sensitivity is desirable,
once MSNA increases during an arterial pressure fall, as
observed during orthostatic stress, and could diminish the
venous pooling and create better blood redistribution.

The effectiveness of exercise training conditioning in our
patients was observed by the increased oxygen uptake, not
achieved in the other groups. A lower resting heart rate was
obtained in the training group, after the follow-up period.
This effect was also observed in the pharmacological group,
probably due to beta-blockers and other drugs like fludrocorti-
sone, which can interfere with plasma volume, venous return,
and directly with arterial pressure, although these drugs did
not promote any change in arterial baroreflex sensitivity.

Several authors have described the tilt training efficacy in
increasing orthostatic tolerance in neurally mediated
syncope patients.33,34 Our study demonstrated that a tilt
training programme does not affect arterial baroreflex sen-
sitivity. The possible reconditioning effects of tilt training on
circulatory reflex control may especially affect the cardio-
pulmonary reflexes, which were not evaluated in this study.

The present study had some limitations. One of the major
drawbacks of our study is related with the fact that we did
not perform a randomized controlled trial. Our patients
were included in each treatment group considering factors
like the impossibility to come to our rehabilitation centre,

for example. The control group was introduced during our
study protocol, what may cause some interference in the
obtained results. Future studies must be taken in order to
eradicate this bias. Other important factor is related with
the tilt training performed at home. Despite the fact that
weekly phone calls were performed to each patient in the
tilt training group, added to the obligation of fulfill a diary
with information like tilt tolerance and symptoms when
the patient were not able to complete the 30 min required
in the tilt training session, we admit that some patients
could not describe the absolutely true in their reports. A
larger follow-up period should also de considered, in order
to verify the clinical effects of each treatment in neurally
mediated syncope patients.

In conclusion, physical training improved vagal and sym-
pathetic arterial baroreflex gain, in neurally mediated
syncope patients, whereas the other treatments did not
achieve the same results. This fact can justify the current
prescription of exercise in the management of neurally
mediated syncope.
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