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Oral Clonidine Premedication Exacerbates Hypotension Following

Tourniquet Deflation by Inhibiting Noradrenaline Release
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Abstract

Clonidine premedication prevents tourniquet pain and reduces sympathetic nerve activity.
We evaluated hemodynamic changes and catecholamine release following tourniquet deflation
during spinal anesthesia in patients who received oral clonidine premedication. The final analy-
sis included 24 otherwise healthy patients undergoing lower-limb surgery randomly assigned
to two groups: those receiving approximately 5 ug/kg of oral clonidine 1 hr before anesthesia
(clonidine group, n=12), and those receiving no premedication (control group, n=12). After
lumbar anesthesia, a tourniquet was applied for approximately 60 minutes to each patient.
Electrocardiogram, arterial blood pressure, and consumption of butorphanol for tourniquet pain
were monitored. Blood samples were obtained at different times to measure serum concentra-
tion of catecholamine. In the clonidine group, mean blood pressure decreased from 87=*7
mmHg at baseline to 65+ 10 mmHg after tourniquet deflation (P <0.05). This peak reduction
of mean blood pressure in the clonidine group was significantly lower than in the control
group. After receiving clonidine premedication, the plasma noradrenaline concentrations in the
clonidine group were significantly lower than those in the control group. Noradrenaline con-
centration increased in the control group from 162.3+89.2 pg/mL before tourniquet deflation
to 199.3+95.7 pg/mL afterward (P <0.01), but there was no significant change in noradrena-
line concentration after tourniquet deflation in the clonidine group. We conclude that oral cloni-
dine premedication exacerbated the reduction in mean blood pressure following tourniquet
deflation by inhibiting noradrenaline release.
(J Nippon Med Sch 2004; 71: 44-50)
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described as a severe, dull, aching sensation at the
Introduction site of the tourniquet or in the distal extremities. It

can develop even in patients who have received ade-

Inflation of the tourniquet applied to the extremi- quate anesthesia during surgery'. Clonidine, an o-2
ties provides a bloodless operative field by avascu- agonist, provides sedation and anxiolysis and re-
larization. However, application of the tourniquet is duces the need for anesthesia®. Moreover, premedi-
frequently associated with tourniquet pain, which is cation with clonidine has been shown to prevent
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tourniquet pain®. The centrally mediated hypoten-
sive and bradycardiac effects of clonidine may help
prevent hypertension or tachycardia caused by tour-
niquet pain.

Tourniquet deflation can trigger acute hypoten-
sion and, in rare instances, fatal circulatory collapse’.
Clinicians must bear in mind the possible adverse ef-
fects of clonidine premedication during surgery in-
volving use of a tourniquet. Under normal circum-
stances, any rapid changes in blood pressure are de-
tected by the baroreceptor, leading to a change in
sympathetic nerve activity to maintain hemody-
namic stability. Some evidence suggests that cloni-
dine may alter baroreflex activity, thereby upsetting
the hemodynamic balance’®. However, data on this
subject are contradictory. The effects of clonidine on
tourniquet deflation-induced hypotension have not
yet been established. We hypothesized that clonidine
premedication exacerbates this hypotension. The
purpose of the present study was to prospectively
evaluate the effect of premedication with oral cloni-
dine on hemodynamics and catecholamine release
following tourniquet deflation in patients during spi-

nal anesthesia.

Materials and Methods

After obtaining institutional approval and in-
formed consent for our study, we enrolled 27 pa-
tients undergoing lower-limb surgery;the patients
had no preoperative hypertension or current heart,
hepatic, or renal disease. Patients were randomly as-
signed to two groups: a clonidine group (14 patients
who were premedicated orally with approximately 5
ug/kg of clonidine 60 min before the operation) and
a control group (13 patients who received no pre-
medication). Randomization was achieved as follows:
the patients undergoing surgery on even number
days were assigned to the control group, and those
undergoing surgery on odd number days were as-
signed to the clonidine group.

On the day of the operation, an intravenous cathe-
ter was inserted approximately 1 hr before anesthe-
sia, and lactated Ringer’s solution was infused at 1~
2 ml /kg/hr. An arterial catheter was inserted in the

radial artery under local anesthesia for blood pres-
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sure monitoring and blood sampling. During the
study period, arterial blood pressure, heart rate, and
oxygen saturation were monitored continuously
(Lifescope 14, Nihon Koden, Tokyo, Japan). Spinal
anesthesia was achieved with 2.0~23 ml of 05%
tetracaine dissolved in 10% glucose administered via
a 23-gauge spinal needle inserted at the L 2/3 or L
3/4 interspace. Analgesia was evaluated by pinprick
10 min after tetracaine injection and again after
tourniquet deflation to determine whether the entire
area involved in the surgical procedure was covered.

A tourniquet was placed on the affected lower ex-
tremity and inflated approximately 20 min after in-
duction of spinal anesthesia. After tourniquet infla-
tion, the operation was begun. Rescue analgesia for
tourniquet pain was provided by a patient-controlled
balloon infuser with 3-ml reservoir (DIB Interna-
tional Co. Ltd,, Tokyo, Japan). The infusion balloon
contained butorphanol dissolved with normal saline
to a concentration of 100 pg/ml, and filling period
was set at approximately 18 minutes. A single man-
ual squeeze elicited the maximal 300-ug dose of bu-
torphanol. All patients were informed about the
characteristics of tourniquet pain and encouraged to
use the balloon infuser whenever they felt tourni-
quet pain during inflation. We regarded use of this
device during tourniquet inflation as incidence of
tourniquet pain, and we interpreted total butorpha-
nol consumption as the measure of pain intensity in
the patients who suffered from tourniquet pain. Ap-
proximately 1 hr after tourniquet inflation, the lower
extremities was straightened on the horizontal oper-
ating table and the tourniquet was deflated.

Blood pressure and heart rate were recorded con-
tinuously and evaluated at six time points: in the pa-
tient ward on the day before the operation (base-
line), in the operating room after arterial catheter
placement and before anesthesia induction (induc-
tion), after tourniquet inflation (inflation), immedi-
ately before tourniquet deflation (predeflation), and
10 min after tourniquet deflation (postdeflation). In
addition, arterial blood pressure and heart rate were
carefully observed for 10 min after tourniquet defla-
tion to determine the maximum change in each
value (maximal change);we also evaluated the

amount of time that elapsed before the minimum
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Table 1 Patient characteristics

Clonidine group

Control group

Number of patients
Age (yr)
Sex (male/female)
Height (cm)
Weight (kg)
Perioperative infusion (mL)
Duration of tourniquet inflation (min)
Analgesic levels
Preoperative
Postoperative
Incidence of tourniquet pain
Number of patients (%)
Dose of butorphanol for tourniquet pain (u g)

Th56 * 08 (range: 4~ 7)
Th 66 = 20 (range: 3 ~ 10)

450 = 268 (range: 250 ~ 750)

12 12
4 = 15 40 £ 16
6/6 6/6
161 = 8 165 = 8
63 = 10 64 = 11
1,146 = 297 986 + 341
58 = 11 5 = 6

Th55 * 09 (range: 4 ~ 6)
Th 64 = 15 (range: 4 ~9)
4 (33%) * 9 (75%)

586 + 306 (range: 150 ~ 950)

Values are mean * SD.
Differences from control group, * P < 0.05.

value of blood pressure and maximal value of heart
rate were reached and started to recover. Critical
hypotension was defined as systolic blood pressure
less than 80 mmHg, and critical bradycardia was de-
fined as less than 45 beats/min. When critical hy-
potension or bradycardia occurred, the patient was
given ephedrine or atropine and excluded from this
study.

Blood samples were taken for baseline, induction,
predeflation, and postdeflation analysis of catechola-
mine concentrations. Samples were collected into
polypropylene tubes prepared with the anticoagu-
lant EDTA-2Na, kept on ice, and then centrifuged at
4C. Separated plasma samples were stored immedi-
ately at —80C until analysis. Adrenaline and norad-
renaline were separated by high-performance liquid
chromatography and concentrations were deter-
mined with a fluorescence detector.

For statistical analysis, repeated-measures analysis
of variance and Bonferroni multiple comparisons
procedure were performed to distinguish within-
group differences over time. The Mann-Whitney test
was used to evaluate between-group differences pa-
tient characteristics and in blood pressure and heart
rate at the various time points. Mean blood pressure
and heart rate at maximal change were also com-
pared with predeflation values in each group using
Mann-Whitney test. The chi-square test was used to

analyze differences in patient characteristics. All val-

ues are reported as mean *SD, and all P values less

than 0.05 were considered significant.

Results

Two patients in the clonidine group and one pa-
tient in the control group were excluded from the fi-
nal analysis because of hypotension requiring ephed-
rine administration after tourniquet deflation; thus,
24 patients completed the study. There was no sig-
nificant difference between the groups with regard
to patient characteristics, however, the incidence of
tourniquet pain was significantly lower in the cloni-
dine group than in the control group (Table 1).

In the both groups, mean blood pressure changed
significantly after tourniquet deflation in comparison
to the point of predeflation (Table 2). Mean blood
pressure at the point of maximal change was signifi-
cantly lower in the clonidine group than in the con-
trol group (Table 2) . The mean time elapsing before
the maximal change in blood pressure was 140 +57
sec in the clonidine group and 53 +43 sec in the con-
trol group (P <0.01). Heart rate was significantly in-
creased after tourniquet deflation in both groups in
comparison to the point of predeflation. However,
there were no differences between the two groups
at the point of maximal change. The mean time
elapsing before the maximal change in heart rate

was 103+50 sec in the clonidine group and 84 *52



J Nippon Med Sch 2004;71(1) 47
Table 2 Changes of mean blood pressure and heart rate
Baseline Induction Inflation Predeflation At maximal Postdeflation
change
Mean blood pressure (mmHg)
Clonidine group 87 = 7 82+ 12 83 = 13 85 = 10 65 = 10*# 1 77 £ 11
Control group 86 = 12 92 £ 15 82+ 7 88 + 7 76+ TH 83 = 10
Heart rate (beats/min)
Clonidine group 70 £ 8 68 = 11 58 = 10 * 58+ 9*F 67+ 104# 60+ 9%
Control group 72 £ 10 78 £ 14 68 = 14 68 = 15 D12 H# 67 = 11

Values are mean * SD.

Differences from baseline, * P < 0.05. Differences from predeflation, # P < 0.05. Differences from control group,

T P < 0.05.

Table 3 Changes of plasma concentrations of adrenaline and noradrenaline

Baseline Induction Predeflation Postdeflation
Adrenaline (pg/mL)
Clonidine group 312 = 175 50.3 = 37.1 46.7 = 603 | 438 = 454
Control group 398 = 204 777 = 433 838 + 673 * 768 + 524
Noradrenaline (pg/mL)
Clonidine group 287.2 = 108.0 1318 = 720* 83.0 = 60.0 * { 813 = 47.7* &
Control group 3252 = 196.6 2188 = 101.0 * 1623 + 89.2 * 199.3 = 95.7 * #

Values are mean = SD.

Differences from baseline, * P < 0.05. Differences from pre-deflation, # P < 0.01, Differences from control group,

f P<005 %P<00lL

sec in the control group. This also did not differ be-
tween the two groups.

Predeflation plasma adrenaline concentration was
significantly lower in the clonidine group than in the
control group (Table 3). Induction, predeflation, and
postdeflation plasma noradrenaline concentrations
were also significantly lower in the clonidine group
than in the control group (Table 3). The control
group showed a statistically significant increase in
the postdeflation noradrenaline concentration from
the predeflation concentration. In the clonidine
group, however, there was no significant change in
noradrenaline concentration after tourniquet defla-

tion.

Discussion

Our results show that oral clonidine exacerbates
the reduction in mean blood pressure and that the
delay in blood pressure recovery following tourni-

quet deflation involves the inhibition of noradrena-

line.

Acute hypotension after tourniquet deflation is
commonly observed in clinical settings, and a fatal
case of circulatory collapse has been reported®. Tour-
niquet deflation leads to a rapid decrease in periph-
eral vascular resistance and an increase in venous
pooling in the affected limb. These changes contrib-
ute to a reduction in venous return to the right
atrium, thereby lowering cardiac output”. Moreover,
influx of metabolites from the ischemic limb to the
systemic circulation occurs after tourniquet re-
lease™"”. These metabolites, which include adenosine
and lactic acid, may directly cause vasodilation and
deterioration in cardiac function. Under normal cir-
cumstances, rapid fluctuations in blood pressure
cause the baroreflex to induce changes in sympa-
thetic nervous system activity. The baroreflex re-
sponse to hypertensive stress mainly involves vagal
activity, whereas the response to hypotension is pre-
dominantly sympathetic®. Clonidine is known to re-

duce both central sympathetic outflow and release of
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noradrenaline from peripheral presynaptic termi-
nals™ ™, but the effect of clonidine on baroreflex sen-
sitivity is controversial. Harron et al. reported that
clonidine enhanced baroreflex sensitivity in awake
humans®, whereas other investigators saw no effect
of clonidine on baroreflex sensitivity’. Watanabe et
al. found that clonidine attenuated baroreflex sensi-
tivity with hypotensive stress but not with hyper-
tensive stress’. These authors proposed that cloni-
dine modifies baroreflex sensitivity by suppressing
noradrenaline release from peripheral presynaptic
terminals. However, they did not evaluate changes
in plasma catecholamines. In our study, mean blood
pressure decreased significantly and heart rate in-
creased significantly after tourniquet deflation in
both groups. This suggests that hypotension and re-
active tachycardia induced by tourniquet deflation
occurred via the baroreflex system in both groups.
Our study also showed that clonidine premedication
exacerbated hypotension and prevented the increase
of plasma noradrenaline that would otherwise follow
tourniquet release. These findings suggest strongly
that clonidine exerted a suppressive effect on pe-
ripheral presynaptic terminals, thus contributing to
the profound mean blood pressure reduction follow-
ing tourniquet deflation.

In fact, an increase in heart rate was also ob-
served immediately after tourniquet deflation with-
out any increase in serum noradrenaline concentra-
tion in the clonidine group. Maximal increases of
heart rate in both groups were recorded within 2
min of tourniquet deflation. However, blood samples
were taken to evaluate catecholamine 10 min after
tourniquet deflation. We supposed that noradrena-
line release from the peripheral presynaptic terminal
might occur immediately after tourniquet deflation
in both groups, but that the amount of noradrenaline
might not be abundant in the clonidine group due to
suppression by clonidine, which would lead to earlier
elimination of noradrenaline before sampling.

Kahn et al. reported that mean blood pressure de-
creased maximally within 1 minute of tourniquet re-
lease and recovered immediately in patients receiv-
ing epidural anesthesia”. In our study, the maximum
decrease in mean blood pressure after tourniquet de-

flation was significantly delayed in the clonidine

T Nippon Med Sch 2004; 71(1)

group; Le. the delay prolonged the postdeflation hy-
potensive period in this group. Nishikawa et al

1718 and

found that the pressor responses to ephedrine
phenylephrine” were enhanced in patients who re-
ceived oral clonidine premedication. Therefore, hy-
potension following tourniquet release may be treat-
able by a pressor agent. However, it is important to
recognize that the effects of clonidine premedication
on mean blood pressure may increase the risk of
cardiovascular collapse after tourniquet release.

The centrally mediated hypotensive effect of cloni-
dine is well known, and hypotension is frequently
observed after spinal anesthesia. Ota et al. evaluated
the effect of clonidine premedication on hemody-
namic change after spinal anesthesia, in addition to
optimum premedication administration time for the
prolongation of spinal anesthesia®. In their study,
hemodynamic changes were compared during spinal
anesthesia between patients given 150 ug of oral
clonidine premedication 1 hr before induction and
those given 0.25 mg of triazolam. There was no sta-
tistical difference between the two groups in arterial
blood pressure or heart rate during spinal anesthe-
sia. Patients whose systolic blood pressure decreased
30% below preanesthetic values or was less than 90
mmHg were considered hypotensive and treated
with ephedrine; patients with a heart rate less than
45 beats/min were considered bradycardic and
treated with atropine. The authors evaluated the fre-
quency of bradycardia and hypotension, and found
no difference between groups. This showed that
clonidine premedication did not exacerbate hypoten-
sion and bradycardia after spinal anesthesia, and the
finding is consistent with ours. We observed no re-
markable decrease in blood pressure in either the
clonidine or control group after induction of spinal
anesthesia. We conclude that in patients receiving
clonidine premedication, blood pressure change is of
greater concern at the time of tourniquet deflation
than it is during spinal anesthesia.

Chabel et al. noted that afferent nerve activity of
C-ibers might be the neurophysiologic basis of tour-
niquet pain”. In their study, tourniquet-induced
ischemia caused spontaneous afferent nerve activity
with a slow firing rate and slowed conduction veloci-

ties in C-ibers. This activity was unaffected by
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mechanical stimulation, local anesthetic, or cold block
distal to the tourniquet; however, it was suppressed
by nerve blockade just proximal to the tourniquet
and by tourniquet deflation. Clonidine has been re-
ported to cause presynaptic inhibition of C-iber af-
ferent activity in the spinal cord of cats® Two stud-
ies suggest that this clonidine effect may explain its
prevention of tourniquet pain®. Our study showed
that clonidine premedication successfully prevents
tourniquet pain, a finding consistent with those of
the previous studies. However, the dose of butorpha-
nol for tourniquet pain in the clonidine group was
smaller than that in the control group, but, the dif-
ference between the two groups was not statistically
significant in the present study. We compared the
dose of butorphanol between the two groups only in
the patients who complained of tourniquet pain: 4 pa-
tients in the clonidine group and 9 patients in the
control group. Therefore, the number of cases in the
present study might not to be large enough to evalu-
ate the effect of clonidine premedication on tourni-
quet pain intensity.

Premedication with approximately 5 pug/kg of oral
clonidine attenuated tourniquet pain. However, cloni-
dine exacerbated the reduction in mean blood pres-
sure and delayed blood pressure recovery following
tourniquet deflation. These effects are associated
with clonidine-induced inhibition of noradrenaline re-
lease. These findings also suggest that premedica-
tion with clonidine increases the risk of circulatory
collapse in surgery patients who require a tourni-
quet. Clinicians should be alert to avoid hemody-
namic deterioration following tourniquet deflation,
especially in patients who have being given cloni-
dine. In these patients, close observation of blood
pressure is essential and prophylactic administration
of vasopressor may be needed before tourniquet

deflation.
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