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Epidural Clonidine Depresses Sympatbetic Nerve

Activity in Humans by a Supraspinal Mechanism
Klaus Kirn, M.D.,* Stefan Lundin, M.D., Ph.D.,t Mikael Elam, M.D., Ph.D.%

Background: Epidural administration of the a,-adrenergic
agonist clonidine induces hypotension. Animal experiments
have indicated a possible spinal mechanism through activation
of a,-adrenergic receptors on sympathetic preganglionic neu-
rons, resulting in a decrease of efferent sympathetic activity.
However, the pharmacokinetic behavior of epidural clonidine,
the high lipid solubility of the drug, and the apparent sedative
side effects also indicate a possible supraspinal mechanism.
To test this hypothesis, the effect of epidural and intramuscular
clonidine on efferent sympathetic nerve activity to the leg
was studied with microneurography.

Metbods: In 15 healthy volunteers, a lumbar epidural cath-
eter was inserted and multiunit postganglionic sympathetic
activity was recorded in a skin or muscle fascicle of the pe-
roneal nerve before and after epidural injection of clonidine.
Skin blood flow in the hand and in the foot was measured
with laser Doppler flowmetry. In six additional experiments,
performed at another time, clonidine was given intramuscu-
larly.

Results: After epidural injection of clonidine (3 pg/kg) the
resting level of skin sympathetic activity decreased to 18 + 5%
(n = 6; P < 0.001), muscle sympathetic activity expressed as
bursts/min to 41 £ 12% (n = 7; P < 0.01), and integrated muscle
sympathetic activity to 41 + 13% (n = 7; P < 0.01) of control
values after 30 min. However, the capacity for activation of
skin sympathetic activity by arousal stimuli and of muscle
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sympathetic activity by apnea remained. Intramuscular clo-
nidine inhibited both skin sympathetic activity (n = 3) and
muscle sympathetic activity (n = 3) to the same extent. Skin
blood flow increased whereas blood pressure and heart rate
decreased after epidural and intramuscular clonidine.

Conclusions: The comparable inhibition of resting sympa-
thetic nerve activity, paralleled by a decrease in heart rate
and blood pressure after both epidural and intramuscular clo-
nidine, indicates that epidural clonidine induces a supraspi-
nally evoked general decrease in sympathetic outflow. (Key
words: Analgesics, epidural: clonidine. Anesthetic techniques,
epidural. Measurement techniques: microneurography, Sym-
pathetic nervous system.)

THE central antihypertensive agent clonidine is an o,-
adrenergic agonist that possesses pain-relieving prop-
erties.” It has been administered epidurally for post-
operative analgesia®~’ and in the treatment of cancer
pain.® The antinociceptive effect is assumed to result
from activation of a;-adrenergic receptors in the dorsal
horn of the spinal cord.®~!! Injected epidurally, clo-
nidine causes a decrease in arterial blood pressure, 12
but whether this is a central or spinal effect is not
known. A possible spinal hypotensive mechanism is
indicated by electrophysiologic studies in rats showing
that spinal application of clonidine activates a,-adren-
ergic receptors on sympathetic preganglionic neurons,
resulting in a decrease of efferent sympathetic nerve
activity.'® This notion is supported by hemodynamic
studies in sheep'? and humans.!> However, the phar-
macokinetic behavior® and apparent sedative effect of
epidural clonidine® as well as the high lipid solubility
of the drug indicate a possibility for a supraspinal
mechanism of clonidine when epidurally administered.

Using microneurography, this study was undertaken
to reveal whether putative changes in efferent sympa-
thetic nerve activity to muscle and skin in the leg after
epidural clonidine (3 pg/kg) could be ascribed to a
systemic and thus supraspinal effect. The clonidine
dose is within the range used clinically,?"” and animal
data suggest that it is not likely to produce dangerous
side effects.!"'5"'® To distinguish between spinal and
systemic effects of the drug, clonidine was injected in-
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tramuscularly in six subjects. Recordings of arterial
blood pressure, heart rate, and skin blood flow in arm
and leg were used to evaluate possible hemodynamic
compensatory mechanisms.

Materials and Methods

Twenty-one experiments were performed with 15
healthy volunteers, aged 24-49 yr. Written informed
consent was given by all subjects, and the investigation
was approved by the Human Ethics Committee, Uni-
versity of Goteborg.

Recording Muscle and Skin Sympatbetic Nerve

Activity

Multiunit postganglionic sympathetic activity was
recorded with a tungsten microelectrode, with a tip
diameter of a few microns, inserted in a muscle or skin
fascicle of the peroneal nerve at the fibular head. A
reference electrode was inserted subcutaneously 1-2
cm from the recording electrode. When a muscle or
skin nerve fascicle was identified, small electrode ad-
justments were made until a site was found in which
sympathetic impulses could be recorded.

The criteria for recording sympathetic activity in a
muscle or skin fascicle were as follows: (1) weak elec-
trical stimulation (0.5-1.5V, 0.2 s, 1 Hz) through the
intraneural electrode elicited involuntary muscle con-
tractions (muscle sympathetic activity [MSA]) or gave
rise to skin paresthesia (skin sympathetic activity [SSA]);
(2) tapping or stretching of the muscle innervated by
the impaled fascicle (MSA) or touch stimuli within the
receptive field (SSA) elicited afferent mechanoreceptor
discharges; and (3) the neurogram displayed sponta-
neous intermittent and pulse synchronous bursts (MSA)
or activity consisting of irregular bursts of impulses,
varying in strength and duration and occurring without
obvious relation to heart beats (SSA). Evidence for the
sympathetic nature of this activity has been described
previously.'?

The original nerve signal was fed through a band pass
filter with a band width of 700-2,000 Hz. Filtered and
mean voltage neurograms (obtained by passing the fil-
tered neurogram through a resistance-capacitance in-
tegrating network with a time constant of 0.1 s) were
stored on an FM tape recorder with records of electro-
cardiography, skin blood flow, and respiratory move-
ments (Sangamo Sabre VI, Sangamo-Weston Schlum-
berger, Sarasota, FL). All parameters recorded were dis-
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played on an ink-jet recorder (modified Mingograph
800; Siemens-Elema, Solna, Sweden) with a paper
speed of 3 mm/s.

In the quantitative analysis of MSA, which occurs in
bursts strictly coupled to the cardiac rhythm, records
were divided into 1-min periods. The number of MSA
bursts in the mean voltage neurogram were counted
by two independent investigators, and the nerve activity
was expressed as the average number of bursts per 5-
min period. Digitizing board measurements of individ-
ual burst amplitudes were made from the chart and the
average sum of these amplitudes per 5-min period ex-
pressed as integrated sympathetic nerve activity in ar-
bitrary units. Since the SSA recordings contain both su-
domotor and vasomotor bursts with highly variable
shape and duration, the number of bursts per period
does not provide a good measure of S3A. Instead, the
area under the neurogram to an added baseline was
calculated with a computer program, and SSA was ex-
pressed as the average area for 5-min periods.?°

Skin Blood Flow Measurements

Skin blood flow was monitored continuously using
laser Doppler flowmetry (Periflux PF1, Perimed AB,
Stockholm, Sweden) with a frequency limit of 4 kHz
and a time constant of 0.2 s. Electrical calibration for
zero blood flow was made in all recordings. Several
gains for the analog output were selectable by switches.
The maximum output of a given gain level (defined
electrically) was taken as 100%. The analog output of
the flowmeter gives no absolute value, but shows rel-
ative changes of the flux of erythrocytes.?'~? The laser
Doppler probe was placed on the plantar side of the
big toe of the leg used for MSA or SSA recording (n
= 18) and on the volar side of the ipsilateral thumb
(n = 11). Using a computer program, a mean blood
flow was calculated for each minute of the recording
and results presented as an average of 5-min periods.

Blood pressure and heart rate were measured auto-
matically every 3—-5 min by sphygmomanometry (Nip-
pon Colin, Sphygmomanometer BP-203, Komaki-City,
Japan) from the left arm at heart level. Electrocardiog-
raphy was recorded by surface electrodes on the chest,
and respiratory movements were monitored using a
strain gauge attached to a rubber strap around the chest.

Procedure
The subjects received no preinedication or intrave-
nous fluids. After infiltration of vhe skin with 3-5 ml
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1% lidocaine, epidural puncture was performed at the
L2-L3 or L3-L4 interspace, and an epidural catheter
was inserted 4-5 cm into the epidural space. With the
subjects in a comfortable supine position, continuous
recordings of electrocardiography, respiratory move-
ments, blood pressure, heart rate, and skin blood flow
were initiated. Subsequently, the peroneal nerve was
identified at the fibular head and a recording of MSA or
SSA initialized. Baseline sympathetic activity was re-
corded for 10 min, after which clonidine (3 pg/kg; in
10 ml isotonic saline) was injected through the cath-
eter. Recording of sympathetic activity was continued
for 45 min. Blood samples were obtained 15, 30, 45,
60, and 90 min after injection of clonidine epidurally
and analyzed for plasma clonidine content using a ra-
dioimmunoassay method.?* The detection limit of clo-
nidine is 10 pg/ml. The intraassay coefficient of vari-
ance was 4% and the interassay 8%. The subjects were
asked to indicate whether drowsiness was present.

Afferent mechanoreceptor discharge (evoked by tap-
ping or stretching the muscle or by stroking the skin
area innervated by the impaled fascicle) was tested at
intervals and used as a criterion for unaltered electrode
position.

In the MSA recordings, maximal voluntary apnea (30-
60 s), a procedure that markedly increases muscle
sympathetic discharge, was performed intermittently.

Painful transcutaneous electrical stimulation of the
median nerve at the contralateral wrist, unexpected
sounds or touches, and mental calculations (i.e., serial
subtraction of 17 from 1,000 as fast as possible) were
used intermittently in the SSA recordings to evoke
emotional reactions that would induce arousal with
skin sympathetic discharges. The type of stimulus and
interval between stimuli were varied to prevent habit-
uation of the response, which is marked when a single
type of stimulus is repeated regularly.

At the end of the experiment, a small dose of lidocaine
was injected to confirm the epidural position of the
catheter.

Intramuscular Clonidine

In six of the subjects, the experiment was repeated
at another time with the same dose of clonidine (150
ug/ml) given intramuscularly in the thigh, contralateral
to the nerve recording. Apart from not inserting an epi-
dural catheter and with the recording period extended
to 90 min after injection, the experimental procedure
was unchanged.
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Statistics

Values are presented as mean * SEM. Analysis of vari-
ance and Student’s ¢ test were used for statistical anal-
ysis, and P < 0.05 was chosen for statistical significance.

Results

Epidural Clonidine

Epidural injection of clonidine resulted in a decrease
of spontaneous SSA and MSA in all subjects studied.
However, individual bursts of SSA and MSA at rest could
reach a high amplitude after clonidine, and the capacity
for inducing bursts with arousal stimuli (SSA) or apneas
(MSA) remained throughout the experiments (figs. 1
and 2), indicating an unaltered intraneural electrode
position,

The individual changes in resting sympathetic nerve
activity for all subjects are shown in fig. 3A. The inhi-
bition of SSA and MSA was significant after 10 and 15
min, respectively. Compared to the control period, SSA
decreased to 18 = 5% (n = 6; P < 0.001), MSA bursts
to 41+ 12% (n = 7; P < 0.01), and integrated MSA to
41 £ 13% (n = 7; P < 0.01) after 30 min. In two SSA
recordings, the proper position of the electrode was

SSA

Control Llon 3 pgrkg

SSA

15min Tsnm

SSA

30min TStlm
10sec

Fig. 1. Skin sympathetic nerve activity (SSA) from the left pe-
roneal nerve in the control situation and 15 and 30 min after
epidural clonidine. Resting-level SSA decreased. Note that SSA
could be activated by arousal stimuli after 15 min and after
30 min.
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Fig. 2. Respiratory movements and muscle sympathetic nerve
activity (MSA) recorded from the left peroneal nerve in the
control period and 45 min after epidural clonidine. Resting-
level MSA decreased, but the activation of MSA by apnea was
unaffected. Bursts of MSA are identified by small dots.

lost between 30 and 40 min after clonidine adminis-
tration. However, in the remaining four subjects and
in all the MSA recordings, only minor further decrease
of nerve activity was observed up to 45 min. Simulta-
neous with the decrease in sympathetic nerve activity,
skin blood flow (fig. 4) increased in the foot (n = 12;
P < 0.05) but not significantly in the hand (n = 7).

Blood pressure and heart rate started to decrease
within 15 min after epidural clonidine (fig. 5). All sub-
jects except one indicated drowsiness after a mean of
17 min (range 10-29), and the majority fell asleep
during short periods of the experiment. Plasma clo-
nidine concentrations are shown in fig. G.

Intramuscular Clonidine

Sixty and 90 min after intramuscular injection of clo-
nidine, plasma concentrations were comparable to
those achieved after epidural injection (fig. 6). Indi-
vidual changes in resting sympathetic nerve activity for
all subjects are shown in fig. 3B. Compared to the con-
trol period, SSA decreased to an average of 16% (n = 3),
MSA bursts to 42% (n = 3), and integrated MSA to 30%
(n = 3) after 90 min. Skin blood flow (fig. 4) increased
in the foot (n = 6; P < 0.05) but not significantly in
the hand (n = 4). Blood pressure and heart rate were

§ Elam M, Noll G, Wallin BG: Unpublished observations. 1991.
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decreased significantly after 30 min (fig. 5). The sub-
jects indicated drowsiness after 15-30 min.

Discussion

This study shows that both epidural and intramuscular
clonidine result in an inhibition of spontaneous SSA
and MSA to the leg, parallelled by a decrease in blood
pressure and heart rate, an increase in skin blood flow,
and sedation.

The fact that sympathetic inhibition in the epidural
experiments appeared concomitant with sedation
could suggest that sympatho-inhibition was induced
by sedation per se. However, the resting level of SSA
(which depends on the thermoregulatory state) does
not decrease during sleep.§ Resting MSA is altered dur-
ing sleep®® but the MSA decrease during light sleep is
small (approximately 10% decrease in stage 2 sleep).
Thus, sedation per se cannot explain the sympatho-in-
hibition following epidural clonidine.

The clonidine-induced sedation, on the other hand,
indicates a supraspinal effect of the drug when epi-
durally administered. Since several previous time con-
trol studies®®?? during long-lasting microneurographic
experiments have shown unaltered heart rate and blood
pressure, the fact that the decrease in sympathetic dis-
charge to the leg is accompanied by parallel reductions
in blood pressure and heart rate suggests that these
effects are part of a supraspinally elicited general in-
hibition of sympathetic outflow. If the sympatho-in-
hibition recorded in the leg had been a regional re-
sponse to a spinal effect of clonidine, heart rate would
have increased during hypotension due to baroreceptor
reflex mechanisms, as seen during lower limb sympa-
tho-inhibition after lumbar epidural anesthesia.?8?
Furthermore, the plasma concentrations show that the
concentration range for the antihypertensive effect of
clonidine (0.5-2 ng/ml)*° is reached 15-30 min after
epidural administration of the drug, proving the pos-
sibility for systemic (7.e., supraspinal) effects. Finally,
the finding that intramuscular clonidine, resulting in
comparable plasma concentrations, inhibits SSA and
MSA to the same extent as in the epidural experiments
supports the notion of a supraspinally evoked decrease
in sympathetic outflow.

The discrepancy between skin blood flow changes in
hand and foot after epidural clonidine could indicate
an effect of the drug also at the level of the spinal cord.
However, this difference in skin blood flow responses
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Fig. 3. (4) Quantitative analysis of SSA
(area under the neurogram) from six
subjects, of MSA expressed as bursts/ € G 51016 30 45 minutes e
min, and of integrated MSA from seven

subjects after epidural clonidine. Values

are given as an average for 5-min periods 150 MSA bursts (Epkd) 150+ MSA burste (M)
in a percentage of the mean value dur-

ing the 10-min control period. In two
SSA recordings, no 45-min value was
achieved because the proper position of
the electrode was lost between 30 and
40 min after clonidine. (B) Quantitative
analysis of SSA (area under the neuro-
gram) from three subjects (different y-
axis), of MSA expressed as bursts/min,
and of integrated MSA from three sub-
jects after intramuscular clonidine. Val- cc 61015 30 46 minuten
ues are given as an average for 5-min pe-
riods in a percentage of the mean value 150 Integrated MSA (Epid) 50 Integrated MSA (M)
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was similar after intramuscular clonidine, making such In a previous study of untreated hypertensive patients,
a partly spinal mechanism of action less likely. Regional ~ MSA was recorded before and after an intravenous bolus
differences in neural control of skin blood flow was  injection of clonidine.?? In three subjects with low
demonstrated recently in a human study.?! The present  resting MSA, sympathetic activity increased after clo-

finding of different skin blood flow responses after clo-  nidine, whereas in four subjects with higher resting
nidine administration supports the notion of spatial dif-  MSA, the activity decreased. In the present study, per-
ferentiation of skin sympathetic outflow. formed on healthy individuals, MSA decreased in all
Laser Doppler flowmetry (Epid) Laser Doppler flowmetry (M)
4004 400 )
_ 350 5 350
Fig. 4. Changes in skin blood flow in the £ 200 £ 2004
foot (n = 12) and hand (n = 7) afterepi- § > 8
dural clonidine (left) as well as in the 5 250- 8 2507
foot (n = 6) and hand (n = 4) after in- : 2004 £ 200
tramuscular clonidine (righf). Valuesare 3 H
presented as an average of 5-min peri- © 1504 150
ods. C = control. 1004 100
504  — T T ] 504 — T y
cc 15 a0 46 minutes €CC 15 30 45 60 90 miutes
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subjects after epidural or intramuscular clonidine, re-
gardless of the level of resting MSA. Although differ-
ences between hypertensive and normotensive subjects
might explain the inconsistency between these two
studies, the discrepancy indicates the need for further
investigation of MSA changes after intravenous cloni-
dine.

The capacity for activation of SSA by arousal stimuli
and of MSA by apnea remained essentially unaltered,
although the variability and habituation of such acti-
vations make exact quantification difficult, especially
in sedated subjects. These findings may explain the ob-
servations in an animal study in which intrathecal clo-
nidine led to a decrease in adrenal vein epinephrine
concentration during rest but did not suppress the dy-
namic response of adrenal epinephrine during noci-

Plasma clonidine concentration

ng/mi
1.0 1
0.5 -
e —-0— Epidural
e -o- IM
0.1 = ) ] ] 1 L]
15 30 45 60 90 minutes

Fig. 6. Plasma concentrations after epidural (n = 7-14) and
intramuscular (n = 6) clonidine (3 pg/kg).
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ceptive stimulation.?® Interestingly, oral administration
of clonidine recently was shown>* to have minimal ef-
fects on the more standardized cold pressor test acti-
vation of MSA,** indicating a remaining sympatho-ex-
citatory capacity despite the marked inhibition of rest-
ing MSA induced by clonidine.

The positive effect of epidural clonidine in relieving
neurogenic pain has been emphasized by several au-
thors."#36 A large number of experimental and clinical
studies suggest a relationship between certain neuro-
pathic pain syndromes and the activity of the sympa-
thetic nervous system. Abnormal or increased sympa-
thetic nerve activity has been assumed to induce/main-
tain pain, but to what extent the sympathetic
involvement is contributory or fundamentally causal
remains uncertain.’’-*° Against this background, the
sympatho-inhibitory effect of epidural clonidine might
be useful in these pain syndromes.

However, if sympatho-inhibition is the primary goal,
the present study indicates that clonidine might as well
be administered systemically. The capacity for activa-
tion of SSA by arousal stimuli and of MSA by apnea re-
mained, regardless of the degree of clonidine-induced
inhibition of resting sympathetic nerve activity. This
finding suggests that, if sympathetically maintained pain
is elicited mainly by strong sympathetic discharges in-
duced by excitatory stimuli, clonidine (3 ug/kg) may
not be expected to have significant analgesic properties
in these pain syndromes.

In summary, epidural clonidine inhibits resting sym-
pathetic nerve activity recorded in the leg, but a ca-
pacity for transient sympatho-excitation remains. The
sympatho-inhibition does not appear to be regional
(d.e., induced at the spinal level); rather, it seems to
be part of a supraspinally induced general decrease in
sympathetic outflow.
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