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Abstract

 

In this study, we evaluated if increased sympathetic stimu-
lation is an essential requirement for the development of
neurally mediated syncope (NMS) by manipulating overall
sympathetic outflow in subjects susceptible to tilt-induced
syncope.

Eight previously characterized patients with recurrent
NMS (five females and three males; 34

 

6

 

2 yr) were recruited
from the Vanderbilt Syncope Unit and eight age-matched
controls underwent initial administration of clonidine
(CLO) or yohimbine (YHO). This was done, prospectively,
to determine doses of these agents that would increase or
decrease plasma norepinephrine levels by 

 

$ 

 

30%. On a dif-
ferent day, in all subjects we determined intraarterial blood
pressure, EKG and muscle sympathetic nerve activity
(MSNA) both supine and during upright tilt. After this, sub-
jects randomly received either CLO or YHO, and 3 h later
another tilt was performed. After 1 wk, a similar procedure
with the other drug was performed.

During the two basal tilts, all the control subjects com-
pleted the study, whereas all the NMS patients developed
syncope. Reduction in sympathetic tone by CLO resulted in
a decreased tolerance to tilt in three out of eight controls
and in all the NMS patients. In contrast, YHO not only in-
creased basal plasma NorEpi levels and MSNA, but also
prevented syncope in seven out of eight patients.

In a selected population of patients, increased sympa-
thetic activity is not a prerequisite for the development of
syncope. Yohimbine-induced enhancement of sympathetic
tone in patients with NMS improves orthostatic tolerance
and raises the possibility that this drug may be a useful
agent in the treatment of NMS. (
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Introduction

 

Neurally mediated (vasovagal, vasodepressor, or neurocardio-
genic) syncope is one of the most frequent causes of transient

loss of consciousness not caused by trauma or seizures (1, 2).
Clinically, neurally mediated syncope (NMS)

 

1

 

 most often re-
sults from a combination of vasodepressor and cardioinhibi-
tory responses (3–5). In other instances, however, NMS patients
may exhibit a predominately cardioinhibitory component (ex-
tended period of bradycardia or asystole) or a pure vasode-
pressor response (5). One of the proposed mechanisms for the
development of NMS involves exaggerated sympathetic cardiac
stimulation in combination with relative ventricular hypo-
volemia (6, 7). Presumably, this results in activation of myocar-
dial ventricular afferents that, in turn, triggers a reflex character-
ized by sudden sympathetic withdrawal and parasympathetic
activation (8). This proposed mechanism, which has been
termed the “ventricular theory,” seems to provide a rational
basis for the therapeutic use of 

 

b

 

-adrenergic receptor blockers
(7), and the combination of isoproterenol and tilt in the diag-
nostic workup of neurally mediated syncope (9, 10).

Several experimental observations, however, do not sup-
port a predominant role for ventricular receptors in subjects
with neurally mediated syncope. Experiments in animals have
demonstrated that despite bilateral vagotomy or total cardiac
denervation, sympathetic nerve activity falls (in a manner rem-
iniscent of neurally mediated syncope) during hypotensive
hemorrhage (11). In humans, neurally mediated hypotension
and bradycardia with preceding sympathetic withdrawal have
been similarly observed in patients with intact and with dener-
vated ventricles (i.e., heart transplant patients) (12, 13). Fur-
thermore, others, using echocardiographic measurements of
left atrial and ventricular chamber size and determinations of
stroke volume, found no evidence of excessive cardiac empty-
ing before the onset of syncope in susceptible patients (14).
More recently, a different group (15) has assessed left ventric-
ular wall stress and segmental wall thickening preceding syn-
cope, and found no evidence compatible with activation of left
ventricular mechanoreceptors.

The other postulate of the ventricular theory (the presence
of excessive sympathetic activation), has been recently chal-
lenged by experimental evidence obtained by our group (16)
and by others (17, 18). In patients with recurrent neurally me-
diated syncope, we found no evidence of increased sympa-
thetic activation in any of the stages of head-up tilt preceding
fainting. These patients had a clearly attenuated sympathetic
response to orthostatic stress characterized by a significantly
blunted increase in muscle sympathetic nerve activity (MSNA)
at low levels of tilt followed by progressive inhibition until
complete disappearance before syncope (16, 17). Furthermore,
they had abnormal baroreflex (16) function, which seemed to
underlie their failure to increase sympathetic tone in response
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to changes in gravitational stress. Our observations, however,
did not rule out the possibility that a selective increase in car-
diac sympathetic tone was present in this population or that
the small increment in MSNA and neurohumoral norepineph-
rine might be enough to activate hypersensitive ventricular re-
ceptors in these patients.

The overall purpose of the present study was to investigate
whether selective manipulation of sympathetic tone in patients
with neurally mediated syncope can modulate the hemody-
namic responses to tilt. We hypothesized that if patients with
neurally mediated syncope have ventricular receptors that are
sensitive to noradrenergic stimulation, an increment in sympa-
thetic tone should aggravate and accelerate the development
of syncope whereas restraint of sympathetic activity should
ameliorate this syndrome. Alternatively, if the main defect re-
sides in reduced sympathetic response, then an increment in
overall sympathetic tone should enhance orthostatic tolerance
and prevent the development of this type of syncope.

 

Methods

 

Study groups. 

 

Patients were recruited from the Syncope Unit at the
Vanderbilt Autonomic Dysfunction Center (Nashville, TN). Of 26
previously characterized patients (16) suffering from recurrent neu-
rally mediated syncope, 11 agreed to participate in this research pro-
tocol and 8 completed it. In these patients, tilt-table testing consis-
tently evoked syncope due to hypotension and bradycardia in the
absence of any other contributory medical finding. Eight normoten-
sive age and sex-matched controls (34

 

6

 

2 yr) were also selected from
a pool of 26 subjects who had previously participated in a related pro-
tocol (16). These subjects had normal tilt table testing on repeated
occasions. All the controls and patients were familiar with all the pro-
cedures including the placement of an intraarterial line and microneu-
rography.

 

Experimental protocol.

 

The experimental protocol was approved
by the Vanderbilt University Institutional Review Board and all sub-
jects gave written consent before any procedure was initiated. The
subjects abstained from caffeine-containing products and smoking for
at least 7 d. In the patients, any medication was stopped for at least
five drug half-lives before the study.

The first phase of the protocol was designed to determine the ef-
fect of a test dose of clonidine or yohimbine on plasma norepineph-
rine levels in each subject. These drugs were selected for their ability
to decrease or increase overall sympathetic tone. For this purpose,
subjects were instrumented on two different days with an intravenous
antecubital line (for blood sampling) and with a Dynamap system
(for noninvasive determination of arterial blood pressure and heart
rate). After the subjects rested supine for at least 30 min, a blood
sample was obtained for plasma catecholamines and supine, and
5-min standing basal blood pressure and heart rate were obtained.
Immediately after, the subjects received a test dose of either cloni-
dine (0.15 mg) or yohimbine (8.1 mg), and the effects on blood pres-

sure and heart rate were determined every 15 min with hourly evalua-
tions of plasma catecholamines for 3 h. At the end of this period,
supine and standing blood pressure and heart rate were again ob-
tained. 1 wk after this, the procedure was repeated except that the
other drug (either clonidine or yohimbine) was given. The changes
produced by these agents on plasma norepinephrine were evaluated,
and an approximate dose that would increase or decrease norepi-
nephrine levels by at least 30% was estimated in each subject.

For the second part of the study, all subjects were admitted to the
Vanderbilt Clinical Research Center and fasted overnight. Blood
pressure (BP) was recorded from an intraarterial line placed in the
radial artery, central venous pressure (CVP) was obtained using a
high-fidelity 3-French Millar Mikro-Tip™ transducer (Millar Instru-
ments Inc., Houston, TX) placed through the median or basilic vein
at the level of the antecubital fossa, and heart rate (HR) was obtained
from lead II of the surface electrocardiogram. An intravenous line
was positioned in an antecubital vein for blood sampling. MSNA was
recorded from the right peroneal nerve using the microneurography
technique described elsewhere (19, 20). Basal recordings were made
30 min after instrumentation, including a blood sample for catechol-
amine determination. Subsequently, the subjects underwent an upright
tilt at 15

 

8 

 

intervals every three minutes until reaching 75

 

8

 

. The controls
were maintained in this position until 30 min of tilt were completed
whereas the patients were placed supine when presyncope or syncope
developed. Samples for plasma catecholamines were obtained at the
end of each tilt interval and twice at the maximal tilt angle or, in the
corresponding subjects, immediately after syncope or presyncope.

Subjects were allowed to rest quietly for at least 45 min after the
initial tilt. Then a predetermined dose of clonidine or yohimbine was
administered. Subjects remained supine for the next 3 h, and the tilt
was then repeated. One week after this study day, subjects returned
to the Clinical Research Center and the same experimental protocol
as described before was performed, except that the subjects received
the alternative drug (either clonidine or yohimbine).

 

Analyses. 

 

For the evaluation of the hemodynamic responses dur-
ing tilt, we analyzed the entire last minute of each tilt angle and four
different 1-min periods during the 75

 

8

 

 position. Measurements of
MSNA were made from the tracings of the microneurogram using a
digitizer tablet and computer software. Results were evaluated as
number of bursts per minute or as total MSNA (arbitrary units) cal-
culated as bursts per minute times the mean burst amplitude. Results
are presented as percentage changes in MSNA (bursts per minute)
from baseline values. Concentrations of plasma NorEpi and epineph-
rine (Epi) were obtained using an HPLC method as reported previ-
ously (21).

Neurally mediated syncope was defined as a transient loss of con-
sciousness that was not compatible with other altered states of con-
sciousness in the patient’s history. Presyncope was defined as a pro-
dromal period characterized by signs and symptoms of imminent
syncope. These included severe lightheadedness preceded by nausea
or yawning, severe weakness, transient graying or “tunnel” vision,
and/or hearing loss. A positive response to tilt was defined as the de-
velopment of syncope or presyncope due to hypotension, bradycar-
dia, or both.

All data are expressed as mean

 

6

 

SEM. Comparisons were ana-

 

Table I. Clinical Characteristics of the Study Subjects

 

Age
Yr

Sex

 

F

 

/

 

C

 

Weight
Kg

SBP
mmHG

DBP
mmHG

HR
Beats/min

MSNA
Brst/min

NorEpi
pg/ml

Epi
pg/ml

 

n

 

CON 34

 

6

 

2.25 3/5 78.88

 

6

 

4.38 145

 

6

 

7.35 73

 

6

 

3.12 60

 

6

 

3.64 15

 

6

 

2.52 234

 

6

 

33 20

 

6

 

7 8
SYN 34

 

6

 

2.14 3/5 75.63

 

6

 

4.26 125

 

6

 

7.20* 66

 

6

 

1.96 74

 

6

 

5.36 18

 

6

 

2.13 228

 

6

 

28 16

 

6

 

5 8

CON: control group; SYN: group with recurrent syncope. *Significantly different from CON (

 

P

 

 

 

,

 

 0.05).
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lyzed by Student’s 

 

t

 

 test for paired or unpaired observations or by
ANOVA followed by Dunnett’s test for significant differences, as ap-
propriate. A 

 

P

 

 value of 

 

, 

 

0.05 was considered significant.

 

Results

 

Clinical characteristics.

 

From the 11 patients, 3 did not com-
plete the entire protocol. One patient withdrew after the cloni-
dine phase, due to aggravation of his syncope, and did not
want to continue to the yohimbine phase; in the other two,
complete or adequate recordings of muscle sympathetic nerve
activity were not obtained (i.e., nerve activity was lost or not
obtained during the tilts). We decided not to include the par-
tial data obtained from these two patients for the final analysis.
There was a total of eight patients with recurrent neurally me-
diated syncope, who successfully completed the protocol (five
females and three males; 34

 

6

 

2 yr). The duration of symptoms
ranged from 2 to 10 yr, with a mean frequency of 4.6

 

6

 

1.1 epi-
sodes per month. Age, weight, diastolic BP, HR, and basal
NorEpi and Epi values were not significantly different from
controls. Intraarterial systolic BP was higher in control sub-
jects when compared to patients with recurrent syncope (Ta-
ble I).

 

Basal hemodynamic and microneurographic responses to
tilt.

 

All the control subjects completed the 30-min-period of
both pre-drug tilt table tests. The hemodynamic responses to
tilt were characterized by a minimal decrease in systolic BP, no
significant change in diastolic BP, and a progressive increase in
HR (Fig. 1). Muscle sympathetic nerve activity increased by a
maximum of 363%, whereas there was a more than threefold
increase in plasma NorEpi and an increase of 50

 

6

 

2 pg/ml
on epinephrine levels. The increments in sympathetic tone
roughly correlated with the angle and duration of tilt (Fig. 1
and Table II). There were no significant or consistent differ-

 

Table II. Epinephrine Values in Controls and in Syncope Patients before and after Treatment with Clonidine or Yohimbine

 

Controls Syncope patients

Tilt Pre-CLO

 

n

 

Post-CLO

 

n

 

Pre-YOH

 

n

 

Post-YOH

 

n

 

Pre-CLO

 

n

 

Post-CLO

 

n

 

Pre-YOH

 

n

 

Post-YOH

 

n

 

0

 

8

 

26

 

6

 

10 8 21

 

6

 

6 8 20

 

6

 

7 8 30

 

6

 

13 8 16

 

6

 

5 8 10

 

6

 

5 8 19

 

6

 

11 8 39

 

6

 

8

 

b

 

8
15

 

8

 

6

 

6

 

4 8

 

2

 

1

 

6

 

4 8 3

 

6

 

3 8 13

 

6

 

4 8 0

 

6

 

2 8

 

2

 

3

 

6

 

5 8 8

 

6

 

11 8 18

 

6

 

9* 8
30

 

8

 

12

 

6

 

4 8 7

 

6

 

5 8 8

 

6

 

5 8 19

 

6

 

13* 8 24

 

6

 

17* 8 81

 

6

 

24** 8 31

 

6

 

21* 8 25

 

6

 

15* 8
45

 

8

 

22

 

6

 

4* 8 26

 

6

 

26* 8 24

 

6

 

9* 8 49

 

6

 

16** 8 583

 

6

 

58

 

a

 

7 714

 

6

 

41

 

a

 

6 437

 

6

 

67

 

a

 

7 45

 

6

 

18** 8
60

 

8

 

24

 

6

 

4* 8 46

 

6

 

20* 8 38

 

6

 

8* 8 60

 

6

 

17** 8 597

 

6

 

51

 

a

 

6 873

 

6

 

122

 

a

 

5 623

 

6

 

84

 

a

 

6 65

 

6

 

13** 8
75

 

8

 

50

 

6

 

2** 8 46

 

6

 

17* 5 47

 

6

 

6** 8 78

 

6

 

14** 8 709

 

6

 

182

 

a

 

4 N.A. 870

 

6

 

199

 

a

 

4 82

 

6

 

25** 8
SYN N.A. 69

 

6

 

23** 3 N.A. N.A. 871

 

6

 

151

 

a

 

8 966

 

6

 

158

 

a

 

8 569

 

6

 

237

 

a

 

8 267 1

All 0

 

8

 

 numbers correspond to plasma epinephrine values in pg/ml. The numbers between 15

 

8

 

 and SYN rows represent the change in plasma epineph-
rine from baseline; Pre-Clo: tilt values before clonidine treatment; Post-Clo: tilt values after clonidine treatment; Pre-Yoh: tilt values before yohim-
bine treatment; Post-Yoh: tilt values after yohimbine; 

 

n

 

 5 number of subjects for each tilt angle; SYN 5 value immediately before or during syncope;
N.A. 5 not applicable; *significantly different from corresponding baseline (P , 0.05); **significantly different from corresponding baseline value (P ,
0.01; a indicates significant difference from corresponding baseline (P , 0.001); b indicates significant difference from baseline value of untreated tilt
(P , 0.05).

Figure 1. Hemodynamic and microneurographic responses to tilt be-
fore and after clonidine treatment in the control group. The diagram 
at the top left presents the changes in systolic blood pressure (filled 
circles), central venous pressure (filled triangles), and heart rate 
(filled squares), during different levels of tilt before clonidine treat-
ment. The diagram in the left middle and left bottom presents the 
changes in plasma norepinephrine (in pg/ml) and sympathetic nerve 
traffic (MSNA) recorded as percentage change over baseline in 
bursts/min. For hemodynamics and MSNA diagrams there is one 
value for 0, 15, and 308, two for 458, three for 608, and four for 758. For 
plasma norepinephrine there is one value for 158, one for 308, one for 
458, one for 608, and two for 758. The diagrams to the right present the 

changes in hemodynamics, plasma norepinephrine, and MSNA after 
clonidine treatment. The vertical lines represent SEM. The staircase-
like lines and numbers in the diagrams at the bottom represent the tilt 
angle.
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ences between the two basal tilts in control subjects (Figs. 1
and 2).

The hemodynamic and neurohumoral responses during
basal tilts were significantly different in patients with recurrent
syncope when compared to controls. Even at low levels of tilt,
patients with recurrent syncope developed a significant reduc-
tion in blood pressure (Figs. 3 and 4), which progressively
worsened and resulted in syncope between 45 and 758. The de-
crease in BP during tilt in these patients was associated with
blunted tachycardia, minimal increments in MSNA, reduced
increments in plasma NorEpi, and exaggerated increases in
EPI shortly before syncope. The type of NMS in all the pa-
tients was characterized by severe hypotension and relative
bradycardia (mixed type). In these subjects, the abnormally
low increment in MSNA was followed by a progressive de-
crease followed by total neural silence immediately preceding
syncope. Tracings from a representative patient illustrating the
changes in blood pressure, heart rate, and the progressive de-
crease in MSNA followed by neural silence syncope and re-
covery are shown in Fig. 5. Similar differences were observed
when the levels of plasma NorEpi in controls, and patients
were compared. Although supine basal levels were alike, the
angle increase in plasma NorEpi in patients was significantly
less than the one observed in controls (Figs. 1–4). On the other
hand, in the syncope group, plasma Epi levels were signifi-
cantly higher than in controls (Table II).

Hemodynamic and sympathetic responses to tilt after cloni-
dine treatment. Administration of clonidine (0.2360.02 mg) to

control subjects decreased supine NorEpi from 235633 pg/ml
to 150645 pg/ml (P , 0.05), MSNA by 241618% bursts/min
(P , 0.02), and diastolic BP from 7363 mmHg to 6065 mmHg
(P , 0.02). Systolic BP, HR, and Epi levels, were not signifi-
cantly affected (from 14567 mmHg to 14066 mmHg, from
6064 bpm to 5568 bpm, from 26610 to 2166 pg/ml, for sys-
tolic BP, HR, and Epi levels, respectively). The hemodynamic
responses at lower levels of tilt were not significantly different
from the basal tilts in these control subjects. However, there
was a blunted maximal increase in MSNA and plasma norepi-
nephrine (Fig. 1). The reduction in sympathetic tone during tilt
resulted in a progressive decrease in arterial blood pressure
and presyncope or syncope in three of the eight control sub-
jects. Interestingly, at the time of syncope, plasma Epi levels
were only moderated elevated and significantly less than for
NMS patients (Table II).

In patients, clonidine treatment (0.1260.02 mg) decreased
supine NorEpi from 228628 pg/ml to 162623 pg/ml (P , 0.05),
MSNA by 35619% bursts/min (P , 0.02), systolic BP from
12567 mmHg to 11664 mmHg (P , 0.05), diastolic BP from
6662 mmHg to 5366 mmHg (P , 0.01), and HR from 7465
bpm to 6168 bpm (P , 0.02). Plasma Epi was not significantly
affected (Table II). The hemodynamic and sympathetic responses
to tilt after clonidine treatment in the syncope patients were
characterized by further worsening of hypotension, a virtually
absent increment in MSNA, severe attenuation of the increase
in plasma NorEpi, similar changes in Epi levels, and accelera-
tion in the development of syncope in all the patients (Fig. 3).

Figure 2. Hemodynamic and microneurographic responses to tilt be-
fore and after yohimbine treatment in the control group. Similar ar-
rangement and symbols as in Fig. 1.

Figure 3. Hemodynamic and microneurographic responses to tilt be-
fore and after clonidine treatment in patients with recurrent neurally 
mediated syncope. Similar arrangement and symbols as in Figs. 1 and 2.
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Hemodynamic and sympathetic responses to tilt after yo-
himbine treatment. Administration of yohimbine (1460.9 mg)
to control subjects increased supine NorEpi from 265623 pg/
ml to 347628 pg/ml (P , 0.05), MSNA by 138622% bursts/

min (P , 0.01), systolic BP from 14168 mmHg to 15565
mmHg (P , 0.05), and diastolic BP from 6865 mmHg to 7667
mmHg (P , 0.05). HR and Epi levels were not significantly af-
fected by yohimbine (from 6866 bpm to 7365 bpm and from
2067 to 30613 pg/ml, respectively) in this group of subjects.
The hemodynamic responses to tilt (Fig. 2) were characterized
by more pronounced fluctuations in blood pressure with corre-
sponding inverse changes in HR. The increments evoked by
tilt in MSNA and plasma norepinephrine concentrations ap-
peared to be more pronounced after yohimbine treatment. All
the subjects in this group completed the tilt study without the
development of orthostatic hypotension, excessive tachycar-
dia, bradycardia, or syncope. However, two of the subjects re-
ported chest palpitations, whereas five subjects reported anxi-
ety or felt tremulous.

In patients, yohimbine treatment (9.160.71 mg) increased
supine NorEpi from 207632 pg/ml to 288635 pg/ml (P ,
0.05), Epi from 19611 pg/ml to 3968 pg/ml, MSNA by
44625% bursts/min (P , 0.01), systolic BP from 11769
mmHg to 13069 mmHg (P , 0.02), diastolic BP from 6265
mmHg to 7364 mmHg (P , 0.01), and HR from 7468 bpm to
85612 bpm (P , 0.02). There was a significant improvement
in the hemodynamic and sympathetic responses to tilt after yo-
himbine treatment in these patients (Fig. 4). First, blood pres-
sure was better sustained and decreased less than in the base-
line or clonidine tilts. Second, MSNA not only increased
during supine posture or low levels of tilt but also the maximal
increase in MSNA was significant higher than in the basal or
clonidine tilts. Overall, the correction in the hemodynamic and
sympathetic responses resulted in a clear improvement in
orthostatic tolerance, with seven of the eight patients complet-
ing the targeted 30 min of tilt. In the patient in whom the tilt
was terminated earlier, a reduction in MSNA and hypotension
were observed at 25 min of tilt. Although this time exceeded
by almost 15 min his previous maximal duration of tilt toler-
ance, he reported symptoms compatible with presyncope, and
the study was terminated.

Figure 4. Hemodynamic and microneurographic responses to tilt before 
and after yohimbine treatment in patients with recurrent neurally me-
diated syncope. Similar arrangement and symbols as in Figs. 1 and 2.

Figure 5. Hemodynamic and micro-
neurographic tracings of a patient 
suffering neurally mediated syncope 
during tilt. The patient was a 36-yr-
old male who developed syncope 
during the second minute of a 458 
upright tilt. He had been previously 
instrumented with surface leads for 
continuous monitoring of the elec-
trocardiogram (EKG, top tracing) 
and heart rate (HR, bottom tracing), 
with a left radial intraarterial line for 
beat to beat recording of arterial 
blood pressure (BP, third tracing), 
and with a microneurography elec-
trode for recording of muscle sym-
pathetic nerve activity (MSNA, sec-
ond tracing). Note that the patient 
was developing progressive hy-
potension and reduction in MSNA, 
progressing to total MSNA disap-
pearance before the onset of asys-

tole and abrupt hypotension. The increase in microneurography baseline (*) during syncope corresponds to the period in which the patient was 
experiencing seizure-like activity. In spite of this, note that after the patient was placed supine, typical burst of MSNA (similar to his baseline ac-
tivity) reappeared indicating that the electrode continued recording from muscle sympathetic fibers. The arrow indicates the time that the pa-
tient was returned to the supine position whereas the horizontal line represents 30 s.
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Discussion

It has been unclear how changes in overall sympathetic tone
affect the development of neurally mediated syncope. This in-
vestigation tested the hypothesis that increased sympathetic
stimulation is essential for the development of neurally medi-
ated syncope in susceptible subjects (a crucial postulate of the
ventricular theory). We used clonidine and yohimbine to in-
vestigate this hypothesis because of their ability to decrease or
increase, respectively, overall sympathetic tone. Subjects were
pretreated with these agents and challenged by an orthostatic
stimulus (upright tilt) known to be well tolerated in one study
group (controls) or consistently result in syncope in the other
(patients). If the ventricular theory were correct, the reduction
in sympathetic tone caused by clonidine would be expected to
increase orthostatic tolerance and/or prevent syncope, whereas
the increase in noradrenergic outflow caused by yohimbine
would be expected to aggravate or accelerate the development
of neurally mediated syncope. Alternatively, if neurally medi-
ated syncope results from a reduction in sympathetic tone, yo-
himbine should ameliorate or correct the development of syn-
cope, whereas clonidine should aggravate it further. Our present
results indicate that this latter possibility is the case.

In this study, we show that a decrement in sympathetic out-
flow resulted in hemodynamic deterioration evoking syncope or
presyncope in both, patients and volunteers. Orthostatic hy-
potension after administration of clonidine to normotensive and
hypertensive subjects is a well known side effect. Therefore,
clonidine facilitation of tilt-induced orthostatic intolerance in
controls was not a totally unexpected finding. More relevant for
the objectives of this study is the fact that the previous adminis-
tration of clonidine aggravated orthostatic intolerance and accel-
erated the development of syncope in all patients. This is proba-
bly the result of impairment by clonidine of an already abnormal
reflex sympathetic response in NMS patients, as we have previ-
ously documented (16). It might be argued that the reduction by
clonidine of not only cardiac, but also neurovascular sympathetic
tone, facilitates syncope by an unrelated mechanism. This possi-
bility, however, is unlikely as the characteristics of syncope after
clonidine treatment were very similar to those experienced un-
der basal conditions (except for a faster onset and development)
and by the results obtained with yohimbine (see below).

It may also be argued that these patients did not suffer
from classical NMS, as early on during the tilt significant hy-
potension was recorded. This seems to be in disagreement with
previous reports in which no significant changes in arterial
blood pressure were noted except for few seconds before syn-
cope (3, 22). Part of this discrepancy may be related to the
method used to determine arterial blood pressure. For in-
stance, in this and in a previous study (16), we determined in-
traarterial blood pressure with the values representing the av-
erage of individual pressures during an entire minute. In the
other studies, blood pressure was obtained by cuff sphygmo-
manometry (3) or by finger photoplethysmography (22) (Fina-
press). Cuff determination of blood pressure, although gener-
ally reliable, provides only one reading at the time and is
unlikely to detect small and/or rapid fluctuations in pressure.
Photoplethysmography has been shown to record significantly
higher blood pressure readings when compared to intraarterial
determinations (23) and, as shown for similar devices (24), is
not able to detect accurately discrete blood pressure changes
during tilt (25). Furthermore, significant differences in blood

pressure determination that increase over time have been ob-
served with photoplethysmography when compared to intraar-
terial recordings during tilt (25) or during prolonged anesthe-
sia (26). Overall, we consider that our data with intraarterial
recordings clearly demonstrate that patients with NMS exhibit
a significant decrease in blood pressure, which develops much
more early than previously recognized.

Yohimbine, the principal alkaloid in extracts from the bark
of the Pausinystalia yohimbe, has been used as a pharmacolog-
ical probe for the a2-adrenergic receptor. In man, yohimbine
enhances blood pressure and heart rate responses to a variety
of stimuli that reflexly increase sympathetic outflow (27). In
our study, the increases in basal or reflex sympathetic outflow
did not evoke neurally mediated syncope in subjects not sus-
ceptible to tilt-induced syncope. This does not necessarily con-
tradict the ventricular theory, as it could be argued that in
these subjects ventricular hypovolemia was not present. How-
ever, in NMS patients, yohimbine would have been expected to
aggravate the development of tilt-induced syncope. This was
clearly not the case. Pretreatment of patients with yohimbine
increased the sympathetic reflex response to tilt, precluded the
development of hypotension, and prevented syncope in seven
of the eight subjects. These effects are particularly impressive
considering that previous tilts in these patients had consistently
resulted in syncope well in advance of the targeted tilt time. In
these previous studies, syncope developed even after treatment
with multiple agents including b-adrenergic receptor blockers,
fluid load, atropine, ergotamine, disopyramide, and sertraline.

As judged by the yohimbine dose needed to increase
plasma norepinephrine by $ 30%, subjects with NMS ap-
peared to be more sensitive than controls. Lower yohimbine
doses in patients increased MSNA and plasma norepinephrine
approximately by the same levels and elevated blood pressure
and heart rate more than in controls. This may indicate an in-
creased sensitivity to the effects of yohimbine (i.e., a2-adrener-
gic receptor blockade) and to the hemodynamic actions of
norepinephrine (vascular adrenoceptor sensitivity). None of
these results, however, supports the notion of increased ven-
tricular receptor sensitivity in NMS patients.

The ability to obtain recordings of muscle sympathetic nerve
activity has greatly increased our understanding of the adapta-
tive changes in sympathetic function during orthostatic stress.
Wallin and Sundolf were the first to describe sympathetic with-
drawal preceding syncope in an otherwise healthy volunteer
undergoing microneurography (28). Subsequently, others have
reported isolated cases in which microneurography was re-
corded during the development of syncope evoked by infusion
of nitroprusside (12, 29). In these reports (with a total of three
subjects [12, 28, 29]), a significant increase in sympathetic traf-
fic seems to be present before the development of neural si-
lence. Although these are case reports and were not intended
to evaluate whether a pronounced increase precedes the de-
velopment of syncope, they seem to be at variance with our
present observations. It is important to emphasize, however,
that we studied patients with spontaneous NMS, who in addi-
tion, developed syncope when tilted. The other reports (12, 28,
29) studied subjects who were healthy or under evaluation for
unrelated reasons. As we have previously demonstrated (16),
the mechanisms leading to NMS in patients differ significantly
from that experienced by healthy subjects undergoing experi-
mental or medical procedures. In view of these differences, we
believe that it is inadequate to extrapolate findings obtained in
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otherwise healthy volunteers to patients suffering recurrent
NMS. Additional support for this idea comes from reports by
other groups in which they also failed to demonstrate exagger-
ated increases in MSNA in patients with NMS (17, 18, 22).

Consistent and sometimes pronounced elevations on
plasma epinephrine have been reported by several authors in
subjects experiencing neurally mediated syncope (16, 30–32).
Some of them have suggested that Epi may play a role in the
pathogenesis of this syndrome. In this study, Epi did not differ
between controls and patients while supine. During tilt, an im-
portant increase in Epi values was observed during the hy-
potensive phase in patients indicating an adrenomedullary re-
sponse similar to the one observed under other stressors (20).
Interestingly, clonidine and yohimbine treatment affect differ-
ently Epi levels in patients. Whereas clonidine administration
did not affect significantly baseline Epi and did not prevent its
important raise, yohimbine increased the baseline values and
apparently halted the pronounced increase in Epi values.
However, after yohimbine administration, the subjects were
not fainters, and this probably precluded the adrenomedullary
response. This possibility is further supported by comparison
of the Epi values in patients after yohimbine with those ob-
tained in the control group (see Table II).

Overall, our results indicate that changes in sympathetic
tone affect importantly the development of tilt-induced syn-
cope. Contrary to the ventricular theory, we found no evi-
dence compatible with a role of excessive sympathetic stimula-
tion preceding the development of neurally mediated syncope.
Our results support the concept that impairment of sympa-
thetic tone with defective reflex activation is a major factor in
the development of this type of syncope. In addition, we be-
lieve that our results provide the basis for a more rational po-
tential treatment of this syndrome. Although the main site re-
sponsible for the development of neurally mediated syncope
remains elusive, it is clear that enhancement of noradrenergic
tone can significantly ameliorate and improve orthostatic tol-
erance in many of these patients. We are currently investigating
whether agents such as midodrine (producing pressor effects
through direct a-adrenergic vascular stimulation) or yohim-
bine (increasing overall sympathetic tone) are effective in the
long-term clinical treatment of neurally mediated syncope.
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