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Abstract

This study aimed at examining whether the properties of microneurographically recorded muscle sympathetic nerve activity (MSNA)

were altered during hypotensive attacks. A retrospective study was performed on 74 subjects who participated in tilt studies when

vasodepressive syncope was induced incidentally in six subjects. The specific features of MSNA that distinguish this activity from skin

sympathetic nerve activity are (1) rhythmic pulse synchronous burst discharge, (2) a duration of approximately 150–300 ms, and (3) no

response to arousal stimuli were abolished during the syncopal attack. The altered features observed during the syncopal attack in these six

subjects were (1) scattered reflex latencies of MSNA peak from the ECG R-wave, (2) elongated burst duration twice to five times as long as

that in conscious state, and (3) response to arousal stimuli. The reduced input from the baroreceptors due to suppression on the central

sympathetic volley proximal to the nucleus tractus solitarius might be attributed to the lost features characteristic of MSNA. D 2002 Elsevier

Science B.V. All rights reserved.
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1. Introduction

The present study was conducted to test the hypothesis

that vasoconstrictive sympathetic outflow to muscles

(muscle sympathetic nerve activity, MSNA) is losing its

characteristic features in the course of ongoing fainting.

MSNA plays an important role in regulating systemic

blood pressure in humans, especially in a positional change

from lying to standing (Burke et al., 1977; Iwase et al.,

1991). MSNA possesses specific features, usually being

utilized to distinguish this sympathetic outflow to muscle

from that of the skin (skin sympathetic nerve activity,

SSNA). They are (1) a rhythmic, pulse synchronous dis-

charge pattern, (2) a duration of 150–300 ms, and (3) a

failure to respond to arousal stimuli (Mano, 1998; Wallin,

1999). It is reported that arterial and cardiopulmonary

baroreceptor inputs generate these characteristic properties

of MSNA presumably by an inhibitory processing in the

caudal and rostral ventrolateral medulla (CVLM and

RVLM) (Benarroch, 1999).

In our past tilt studies, we have sometimes experienced

the subjects suffering from fainting or hypotensive attacks

during which the specific properties of MSNAwere altered.

In this survey, we examined the quantitative changes in

MSNA bursts retrospectively when the subject is fainting or

suffering from hypotensive attack in order to predict the

ongoing fainting even before the fall by observing the

MSNA bursts.

2. Subjects and methods

Out of 74 subjects who participated in the tilt studies, six

of them suffered from vasovagal syncopal attack. They were

all men aged 19 to 28 years old (meanF SD, 22F 3),

height: 171.3F 4.7 cm, weight: 64.2F 4.2 kg, body fat

percentage: 16.2 F 4.0%. They were all normotensive in

the supine position (116F 7.2/77F 7.6 mm Hg) and their

heart rate was normal (60F 2.6 min � 1). All subjects were

instructed to refrain from drinking alcohol or caffeinated

beverages from 21:00 the previous night, and to come to the

laboratory at 10:00. The protocol of the study was approved

by the Human Research Committee, Research Institute of

Environmental Medicine, Nagoya University.
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The subjects reclined on a tilt bed for > 1 h. A tungsten

microelectrode with a tip diameter of 1 mm, shaft diameter

of 100 mm and an impedance of 3–5 MV was inserted into

the muscle fascicle of the tibial nerve at the popliteal fossa.

The MSNA, which satisfies the above-mentioned criteria,

was identified and recorded. The sympathetic nerve signals

were fed into a high impedance input preamplifier (World

Precision Instruments, DAM-6A, New Haven, CT) and

band-pass filters (NF Circuit Design E-3201A, Yokohama)

with a band width of 500–5000 Hz and an attenuation rate

of 24 dB/octave. They were monitored on a cathode ray

oscilloscope (Tektronix 5113, Beaverton, OR) with a loud

speaker for sound monitoring.

ECG and respiration were monitored and pulsatile finger

blood pressure was continuously measured with Finapres

(Ohmeda Finapres 2300, Madison, WI). All data were

stored in a 14-channel FM data recorder (Sony-Magnescale,

KS-616U, Tokyo).

Subjects were requested to lie down on a tilt bed. After

recording MSNA, they were rested in a supine position for a

control reading >30 min. The bed was passively and grad-

edly tilted from 0� to 90� (upright standing). The subjects

who suffered from a fainting attack or a hypotensive attack

by vasovagal syncope were retrospectively extracted from

the whole tilt studies, and changes in their MSNA burst

properties were analyzed during the time course of the attack

from the data recorder. These attacks happened incidentally

while the maneuvering was being conducted, and were

wholly unintentional. The consciousness states were classi-

fied into four stages: conscious, presyncopal, fainting and

recovery. The conscious state was defined as conscious with

no blood pressure drop, presyncopal as drowsy with a blood

pressure drop >15 mm Hg, fainting as drowsy with fainting

symptoms (nausea, grayout, bradycardia >20 bpm, etc.), and

recovery as the conscious state after the fainting episode. In

each state, MSNA bursts were measured and analyzed.

The reflex latency from the R-wave of ECG to the

corresponding MSNA burst peak in the integrated MSNA

with a time constant of 1 s was determined for the quanti-

fication of MSNA linkage to the heartbeat. The latency is

defined as the delay from the ECG R-wave to the peak of

the corresponding MSNA burst in the mean voltage neuro-

gram, the peak being interpreted as the beginning of the

inhibition to the sympathetic discharge (Fagius and Wallin,

1980). The burst duration from the initial impulse to the

termination of MSNA multifiber bursts was measured in the

four consciousness states. The data were estimated as

meanF SD and p values less than 0.05 were considered

significant. Burst duration and reflex latency were examined

in the above four states (conscious, prefainting, fainting and

Fig. 1. Polygraphic recordings of ECG, heart rate, blood pressure waves, respiration curve, and full-wave rectified and integrated muscle sympathetic nerve

activity. For details, see text. The alphabets A to D correspond to the consciousness states in Fig. 2.
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recovery) and the effects of consciousness were analyzed by

repeated measures ANOVA.

3. Results

Fig. 1 shows the polygraphic recording of the syncopal

attack of a typical subject. All variables were normal until

12:31:00, when a gradual decrease in blood pressure was

observed. Enhanced MSNA was observed, then an increase

in heart rate, coarse respiration, and MSNA reached its

maximum. Then sudden bradycardia, muscle sympathetic

silence, and hypotension occurred. Cardiac standstill was

observed, and the subject fainted. By taking a recumbent

position, the subject recovered consciousness.

At the same time, as the hypotensive attack began, the

subject complained of nausea and exhibited pallor with

sweating, and there was a disappearance of pulse synchro-

nicity of MSNA and an elongated burst duration (Fig. 2).

After complete recovery, the electrode was reinserted to

obtain an MSNA burst at the satisfactory level.

The burst duration of a typical subject in a conscious

state was 246F 32 ms, whereas it was elongated to

556F 157 ms in prefainting, and was further elongated in

the fainting state to 771F123 ms (Fig. 3). After a complete

recovery of consciousness, it recovered to a fairly constant

value of 303F 51 ms. The averaged burst duration in the six

subjects was significantly reduced by the fainting event

from 279F 52 ms in a conscious state to 619F 92 ms in

prefainting, 834F 78 ms in fainting, and recovered to

349F 59 ms (Fig. 4, F = 75.793, p < 0.0001). The reflex

latency in a conscious state in a typical subject was

1062F 41 ms. When the subject complained of a fainting

sensation and nausea (presyncopal state), it became short-

Fig. 2. Changes in muscle sympathetic nerve activity in fainting: (A) when

the subject is conscious; (B) when the subject complains of a fainting

sensation; (C) when the subject complains of nausea and becomes pale with

sweating; (D) when the subject loses consciousness; and (E) when the

subject is laid down after the reinsertion. From A to E, upper trace is

original MSNA, middle trace is full-wave rectified and integrated MSNA,

and lower trace is electrocardiogram. B and C are prefaint states, and D and

E are fainting states. In B, burst duration became elongated, although pulse

synchronicity is still maintained. In C, D and E, pulse synchronicity

disappears and burst duration becomes elongated more and more as the

fainting proceeds.

Fig. 3. Histogram of burst duration and reflex latency in fainting. Conscious,

prefaint and fainting correspond to A, B–C, and D–E, respectively. The

reflex latency becomesmore scattered, and burst duration becomes elongated

as the fainting proceeds. For the detailed values, see text.
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ened but scattered to 740F 139 ms, becoming further

shortened and scattered to 723F 289 ms in the fainting

state (Fig. 3). The SD of reflex latencies in the six subjects

were significantly increased by the fainting event from

57F 12 to 182F 33 ms in prefainting, 357F 58 ms in

fainting, and recovered to 59F 8 ms (Fig. 4, F = 102.329,

p < 0.0001).

During the syncopal attack, we called the subjects’ name.

By this arousal stimuli, the subject discharged an MSNA

burst during prefainting and fainting states with elongated

burst duration f 1 s after name calling. This phenomenon

disappeared during name calling in the recovered state.

4. Discussion

This study demonstrated that the MSNA-specific burst

properties were altered into those of SSNA during the

syncopal attack. They are: (1) a rhythmic pulse synchronous

pattern was disorganized to scattered reflex latency during

the attack; (2) burst duration of 150–300 ms was elongated

to 400–700 ms; and (3) no response to arousal stimuli in

conscious state became responsive with a latency of f 1 s

during the attack.

The reflex latencies were scattered during the presynco-

pal period and the latencies in the fainting state were more

scattered in the course of the attack. Since the reflex latency

from the R-wave of ECG to the peak in the correspondent

MSNA burst is fairly constant (Fagius and Wallin, 1980),

these scattered reflex latencies indicate that pulse synchro-

nicity was lost during the attack. This MSNA-specific burst

property of R-wave locked discharge was considered to be

configurated by inhibitory input from the baroreceptors

(Kumada et al., 1990). The impulses from the baroreceptors

enter the brainstem at the nucleus tractus solitarius and are

transmitted to the caudal ventrolateral medulla, where the

inhibitory impulses are input to the RVLM, thus forming the

pulse synchronicity of MSNA bursts. The collapse of this

pulse synchronicity suggests the diminished input of the

inhibitory rhythmic and pulse synchronous to the RVLM.

Prolongation of MSNA burst duration was also observed

in the course of fainting, and the MSNA responses elicited

by arousal stimuli might be attributed to deafferentation

from the baroreceptors (Fagius et al., 1985). The above-

mentioned properties of the burst are the specific features of

MSNA, by which we routinely distinguish MSNA from the

sympathetic outflow to skin. These alterations in MSNA

burst properties indicate that inhibitory input from the

baroreceptors is diminished in the course of fainting. In

spite of this diminished inhibitory input to the caudal

ventrolateral medulla, the central sympathetic outflow was

incapable of enhancing MSNA that was inadequate to

compensate for the blood pressure fall. This was then

followed by progressive MSNA inhibition until its complete

disappearance and syncope (Wallin and Sundlöf, 1982).

Similar phenomena were observed in MSNA during

glossopharyngeal and vagal anesthesia by lidocaine (Fagius

et al., 1985) and during non-REM sleep (Takeuchi et al.,

1994), in which the burst duration of MSNA became

elongated, some bursts were outside the constant reflex

latency, and MSNA bursts were elicited by arousal stimuli.

The time lapse from the arousal stimuli to the MSNA burst

was considered to be the conduction time in the spinal cord

and the postganglionic efferent C-fibers, which was calcu-

lated to be f 1 s during stage I of non-REM sleep (Okada

et al., 1991).

The deafferentation from the baroreceptors during the

fainting might be attributed to the suppression of the central

sympathetic outflow proximal to the RVLM (Ziegler et al.,

1986). The abrupt sympathetic silence is proposed to be due

to initial exaggerated sympathetic activation, in combination

with relative ventricular hypovolemia and stimulated myo-

cardial ventricular afferents (Öberg and Thorén, 1972;

Walker et al., 1978). In the case of tilt-induced fainting,

MSNA bursts were gradually but not immediately dimin-

ished during fainting. It is probable that the inhibitory vagal

suppression on the sympathetic volley was not sufficiently

strong to completely suppress the MSNA bursts but was

Fig. 4. Changes in burst duration (upper plate) and standard deviations of

reflex latency (lower plate). As the fainting attack develops progressively,

burst duration is more elongated and reflex latency is more scattered.
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rather mild and altered only the specific features of MSNA,

which are the elongation of burst duration, disappearance of

pulse synchronicity and burst elicitation by arousal stimuli.

Greater suppression on the central sympathetic outflow

suppressed the burst discharge (Kumada et al., 1990; Mos-

queda-Garcia et al., 1997), then it progressed to the hypo-

tensive with a cardiac standstill (Wallin and Sundlöf, 1982).

We suggest that the reduced inputs from baroreceptors

due to suppression occurring in a site proximal to the

nucleus tractus solitarii during the syncopal attack alter the

burst properties specific to MSNA, and the observation of

changes in MSNA burst properties can provide a predictive

sign of fainting before serious falls occur.
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