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Clonidine and Ketanserin Both Are Effective

Treatment for Postanestbetic Shivering
Jean Joris, M.D.,* Maryse Banache, M.D., T Francis Bonnet, M.D.,} Daniel I. Sessler, M.D.,§ Maurice Lamy, M.D.|

Background: Although meperidine is an effective treatment
of postanesthetic shivering, its mechanism of action remains
unknown. Investigation of other drugs might help clarify the
mechanisms by which shivering can be controlled. Accord-
ingly, we investigated the efficacy of clonidine, an a,-adren-
ergic agonist, and ketanserin, a 5-hydroxytryptamine antag-
onist, in treating postanesthetic shivering.

Methods: First, 54 patients shivering after general anesthesia
were allocated randomly to receive an intravenous bolus of
saline, 150 pug clonidine, or 10 mg ketanserin. A second study
explored the dose-dependence of clonidine. Forty shivering
patients were given saline or clonidine, 37.5, 75, or 150 ug.

Results: The duration of shivering was significantly shorter
in those given clonidine (2.1 £ 0.9 min) than in the other two
groups and shorter in the ketanserin group (4.3 + 0.9 min)
than in the saline group (12.0 * 1.6 min). Clonidine and ke-
tanserin significantly decreased systolic arterial blood pres-
sure when compared to saline. Core rewarming was signifi-
cantly slower in the clonidine group. In the second study, 37.5
ug clonidine was no more effective than saline. Two minutes
after treatment, 150 ug obliterated shivering in all patients.
Five minutes after treatment, all patients given 75 pg had
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stopped shivering. Systolic arterial pressure and heart rate
decreased significantly in patients given 75 and 150 ug clo-
nidine.

Conclusions: Clonidine (150 ug) and ketanserin (10 mg) both
are effective treatment for postanesthetic shivering. The effect
of clonidine on shivering is dose-dependent: whereas 37.5 ug
had no effect, 75 ug clonidine stopped shivering within 5 min.
(Key words: Anesthetic complications: shivering. Sympathetic
nervous system, a,-adrenergic agonist: clonidine. Sympathetic
nervous system, 5-HT, antagonist: ketanserin. Temperature:
hypothermia; shivering; thermoregulation.)

SHIVERING is common during recovery from general
anesthesia. Besides being unpleasant, the increase in
oxygen consumption may produce complications in
patients with coronary artery disease or cardiac failure.
Optimal pharmacologic treatment of shivering requires
an effective drug with few side effects. Meperidine re-
portedly is more effective than the other opioids in
stopping postoperative shivering,' but the mecha-
nism(s) by which it stops shivering remains virtually
unknown. Although 25 mg meperidine rarely causes
complications, it may interact synergistically with pre-
viously administered opioids or anesthetics to cause
respiratory depression or prolong the requirement for
ventilatory support. Investigating other drugs may help
clarify the biochemical pathways of shivering ther-
mogenesis and the mechanisms by which shivering can
be pharmacologically controlled.

Clonidine, an a;-adrenergic receptor agonist, and ke-
tanserin, a 5-hydroxytryptamine (5-HT,) receptor an-
tagonist, each reportedly reduce postanesthetic shiv-
ering.># Furthermore, clonidine apparently prevents
postanesthetic shivering when administered before or
during surgery.®® Nevertheless, data concerning the
effect of these drugs on shivering are sparse and con-
troversial. Indeed, a recent study failed to confirm the
efficacy of clonidine for treatment of postanesthetic
shivering.” Additionally, both clonidine and ketanserin
can induce undesirable hemodynamic changes, such
as hypotension. Accordingly, we compared the effects
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of clonidine and ketanserin on shivering and evaluated
the dose-dependence of clonidine.

Patients and Methods

Two studies were conducted after approval of our
institution’s Ethics Committee and consent of the in-
volved patients. Patients in each study were scheduled
for abdominal, orthopedic, or urologic surgery. Patients
with respiratory or cardiac failure were excluded from
the study, as were patients previously given clonidine
or other o, agonists. General anesthesia was induced
with thiopental (5 mg/kg) or propofol (2 mg/kg) and
sufentanil (10-15 pg). Atracurium (0.5 mg/kg) was
administered to facilitate orotracheal intubation, and
anesthesia was maintained with 50% N,O in oxygen
and isoflurane, enflurane, halothane, or propofol. After
surgery, patients were transferred to the postanesthesia
care unit.

Sixty ASA physical status 1 and 2 adult patients were
included in the first study. Upon arrival in the post-
anesthesia care unit, shivering patients were assigned
randomly to receive one of the three following treat-
ments: intravenous bolus injection of isotonic saline,
150 ug clonidine, or 10 mg ketanserin. Only intense
shivering, presenting as tremor of the head, jaw, and
arms and associated with piloerection, was included
in the study to avoid spontancous disappearance of
shivering during setup and connection of the monitors
and baseline measurements. The effect of treatment on
shivering was assessed by the anesthesiologist in charge
of the postanesthesia care unit, who was not aware of
the administered drug. Time elapsed between the in-
travenous bolus injection and the complete disappear-
ance of shivering was defined as the duration of shiv-
ering. Oscillometric arterial blood pressure, heart rate
(Cardiocap, Datex, Helsinki, Finland), and rectal tem-
perature (78354 A Hewlett Packard, Bolingen, Ger-
many) were recorded before and 1, 5, 10, 15, 30, 60,
and 120 min after the bolus injection.

In the second study, inclusion criteria were identical,
and the conditions of surgery and general anesthesia
comparable. Forty patients shivering after surgery were
allocated randomly to one of four groups (n = 10 in
each group): intravenous saline (no clonidine) or 37.5,
75, or 150 pg clonidine. The effect on shivering of
each intravenous bolus was assessed by an observer
blinded to patient allocation, 2 and 5 min after treat-
ment, according to the following scale: 0 = no effect,

Anesthesiology, V 79, No 3, Sep 1993

1 = partial inhibition, and 2 = total inhibition. Oscil-
lometric arterial blood pressure, heart rate, and rectal
temperature were recorded before and 5 and 60 min
after the bolus injection.

Time-dependent values were compared using the
method of Zerbe.® This technique allows one to test
the hypothesis of the equality of response curves for
two or more groups at multiple time points or during
any time interval. Its criterion is distributed as a Sne-
decor F test whose degrees of freedom depend not only
on the group sample sizes but also on the time period
chosen. Two-tailed, unpaired Student’s ¢ test was used
when appropriate. Log-rank test was used to compare
the evolution of percentage of patients shivering in the
three groups at each time. Results are reported as mean
+ SD; P < 0.05 was considered statistically significant.

Results

Study 1

Six patients were excluded retrospectively. In three
cases, positive blood cultures (resulting from urologic
endoscopic procedures) suggested that shivering was
related to sepsis. Incorrect group assignment or pro-
tocol deviation accounted for the exclusion of the other
three. The 54 remaining patients were distributed
among the three groups that were comparable with
regard to morphometric characteristics and anesthetic
techniques (table 1).

Survival curves for shivering, representing the num-
ber of patients shivering as a function of time, differed
significantly in the three groups. Patients given cloni-
dine and ketanserin had a significantly shorter duration
of shivering than those given saline (P < 0.01): clo-
nidine = 2.1 * 0.9 min, ketanserin = 4.3 = 0.9 min,
and saline = 12.0 + 1.6 min (median values: saline 12

Table 1. Demographics and Anesthetic Agents
in the Three Groups of Study 1

Isotonic

Saline Clonidine Ketanserin
Age (yr) (mean + SD) 41 +16 36 +15 34+9
Gender: M/F 12/7 12/3 15/5
Isoflurane 5 3 7
Enflurane 11 11 11
Halothane 3 0 1
Propofol 0 1 1
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min, ketanserin 2 min, and clonidine 1 min). Although
clonidine acted significantly faster than ketanserin (P
< 0.05), clonidine and ketanserin were equally effec-
tive 10 min after the bolus injection. At that time, the
percentage of patients still shivering was 58%, 5%, and
7%, respectively, in the saline, ketanserin, and cloni-
dine groups (P < 0.05; fig. 1).

Before treatment, mean core temperature was similar
in the three groups: saline 35.6 = 0.8° C, clonidine
35.5 + 0.6° C, and ketanserin 35.6 + 0.8° C. Rewarm-
ing, however, appeared somewhat slower in the clo-
nidine group than in the patients given saline (P =
0.056), and body temperature was significantly lower
in the clonidine group 30-120 min after treatment.
The rate of core rewarming was similar among patients
given saline and those given ketanserin (fig. 2).

Systolic arterial pressure and heart rate decreased sig-
nificantly in each group (table 2), but the reductions
in systolic arterial pressure and heart rate were greater
in the patients given clonidine than in those given sa-
line (P < 0.05 and P = 0.07, respectively). Systolic
arterial pressure decreased to less than 100 mmHg in
only two patients given clonidine and one given ke-
tanserin. Mean arterial pressure remained above 60
mmHg in all patients, and none required treatment for
hypotension. Two patients given clonidine had heart
rates between 45 and 50 beats/min, but for only one
or two consecutive measurements. One patient given
ketanserin maintained a heart rate near 48 beats/min

from the 30-min measurement until the study con-
cluded.
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Fig. 1. Duration of shivering expressed as survival curves. Pa-
tients received an intravenous bolus of isotonic saline (I8), 10
mg ketanserin (K), or 150 pg clonidine (C). *P < 0.01 was
considered a significant difference versus saline. 1P < 0.05 was
considered a significant difference versus ketanserin.
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Fig. 2. Change in core temperature (mean * SEM) in shivering
patients treated by an intravenous bolus of isotonic saline
(4), 10 mg ketanserin (Q), or 150 ug clonidine (@). SEMs of
the K group were omitted for clarity (SEMs ranged from 0.05°
to 0.12° C and were similar to SEMs of the two other groups).
*P < 0.05 was considered a significant difference versus saline.

Study 2

Morphometric characteristics and anesthetic tech-
niques were similar in the four groups (table 3).

The effect of clonidine on shivering was dose-depen-
dent. The 150-ug dose of clonidine stopped shivering
in all the patients within 2 min. Two minutes after
injection of 75 g clonidine, shivering was abolished
in seven patients and reduced in the three others.
Within 5 min after treatment, all patients in this group
stopped shivering. In contrast, 37.5 ug clonidine had
no significant effect when compared to saline.

The decrease in mean arterial pressure was signifi-
cantly greater after the administration of 75 and 150
ug clonidine than after saline or 37.5 ug clonidine, but
no significant differences were detected between the
75 and 150 pg groups. Heart rate did not differ signif-
icantly among the groups (fig. 3).

Discussion

Our data confirm that both 150 ug clonidine and 10
mg ketanserin are effective treatments for postoperative
shivering. This dose of clonidine, however, acted
slightly more rapidly than 10 mg ketanserin. Our sec-
ond study indicates that the effect of clonidine is dose-
dependent and that 75 ug clonidine administered as
an intravenous bolus is sufficient to treat postanesthetic
shivering.

20z Iudy 01 uo 3sanb Aq ypd°21.000-00060£66 |-Z¥S0000/Z7¥E09/2ES/€/6 L/HPd-01o1n1e/AB0|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



CLONIDINE AND KETANSERIN FOR SHIVERING

535

Table 2. Effect of Isotonic Saline, 10 mg Ketanserin, and 150 ug Clonidine on Heart Rate and Arterial Pressure

0 1 min 5 min 10 min 15 min 30 min 60 min 120 min

HR (beats/min) j

IS 86 + 22 82 + 21 76 £ 17* 74 £ 18* 75+ 19* 74 £ 16* 75 + 20* 79 + 16*

K 83 +10 8315 74 £ 13* 73 +14* 70 £ 11* 68 = 12* 68 + 13* 70 & 14*

C 83+ 19 70 £ 13* 69 + 15* 66 + 14* 63 + 12* 64 + 12* 64 + 13* 71 + 156*
SAP (mmHg)

IS 142 + 19 143 £ 17 138 + 22 139 + 22 138 = 18 133 + 19* 128 +13* 125 + 15*

K 141 + 23 129 + 19* 124 + 18* 124 + 19" 125 £ 17* 124 + 10* 122 + 16* 124 +16*

o] 139 + 25 135+ 30 122 + 21* 119 = 20" 122 + 22* 119 + 20* 117 + 20* 115 + 20*
DAP (mmHg)

18 77 £ 12 74 + 10 72+ 8 74 +£12 74+ 9 72 + 11 73+10 72+ 8

K 86 + 27 73 £ 18* 73 + 16* 75 + 16* 72 + 12* 71 +12* 72 £12* 69 + 12*

C 79 £ 19 83 + 37 69 + 16 65 +17* 70 = 18* 70 £ 18* 68 + 18* 65 = 15*

Data are mean = SD.

HR = heart rate; SAP = systolic arterial pressure; DAP = diastolic arterial pressure.

HR, SAP, and DAP were recorded before (0), 1, 5, 10, 15, 30, 60, and 120 min after an IV bolus injection of isotonic saline {IS), 10 mg ketanserin (K), or 150 ug

clonidine (C).

* Difference is statistically significant (P < 0.05) compared with time 0. For HR, comparison C versus 1S (P < 0.05 at time 15, 30 min); for SAP, comparison C versus

IS (P < 0.05 from 5 to 120 min), K versus IS (P < 0.05 from 1 to 15 min).

Nalda et al.* have shown that 5 min after injection,
10 mg ketanserin decreased shivering in ASA physical
status 1 patients recovering from gynecologic surgery.
Shivering in hypothermic patients recovering from
general anesthesia is preceded by peripheral vasocon-
striction, leading to decreased skin temperature.? Sub-
sequent stimulation of cutaneous cold receptors con-
tributes to maintenance of shivering. Nalda et al. hy-
pothesized that vasodilation induced by ketanserin®?
increases skin temperature® and may alter this periph-
ceral component of shivering. A central mechanism,
however, also remains likely. Larger doses of ketanserin
probably would act more rapidly but also might pro-
duce more arterial hypotension.

Two recent studies using an infusion of 5 ug/kg clo-
nidine over 1 h7 or over 3 h'’ failed to demonstrate
any therapeutic or preventive effect of clonidine on
postoperative shivering. Since shivering occurs early
“in the postoperative period and usually stops sponta-
neously within 30 min, prolonged infusions of cloni-
dine would not seem optimal because peak plasma
concentrations of clonidine will not be reached until
after shivering disappears spontaneously. Furthermore,
these infusion regimens presumably resulted in rela-
tively low plasma concentration of clonidine compared
to the peak concentrations obtained after an intravenous
bolus injection of 150, or even 75, ug clonidine. How-
ever, the initial report showed that an intravenous bolus
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of 150 ug clonidine dramatically reduced or abolished
shivering.# Prevention of postoperative shivering by
clonidine given before or during anesthesia also has
been proposed.* 3 Finally, clonidine, administered over
a short period at the end of surgery and before the
onsct of shivering, blunted the increase in oxygen con-
sumption associated with shivering during the early
phase of recovery.® Consistent with these data, we re-
port a distinct and rapid effect of clonidine on shiv-
ering,.

Clonidine has central and peripheral effects, both of
which may account for its antishivering action. Clo-
nidine induces cutaneous vasoconstriction secondary
to the stimulation of peripheral «, and «; adrenore-
ceptors.'''? However, vasoconstriction would reduce
skin temperature, stimulate cutaneous cold thermo-

Table 3. Demographics and Anesthetic Agents
in the Four Groups of Study 2

Dose of Clonidine (ug)

0 375 75 150
Age (yy(mean+SD) 31x15 38+15 38x15 43+15
Gender: M/F 8/2 4/6 9N 8/2
Enflurane 6 7 7 2
Halothane 1 1 1 3
Isoflurane 3 2 2 5
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Fig. 3. Dose-response of clonidine on shivering, mean arterial
pressure (MAP), and heart rate (HR). Patients were treated
with 0, 37.5, 75, or 150 ug clonidine. Effect on shivering was
assessed 2 (@) and 5 (O) min after treatment: 0 = no effect, 1
= partial inhibition, 2 = total inhibition. Changes in MAP
(mmHg) and HR in beats/min were recorded 5 (O) and 60 (A)
min after treatment. Data are mean + SEM. *P < 0.05 was con-
sidered a significant change versus 0 and 37.5 ug clonidine.
**P < 0.01 = was considered a significant change versus 0 and
37.5 ug clonidine.
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receptors, and consequently, aggravate shivering. Pe-
ripheral mechanisms, therefore, seem unlikely to con-
tribute substantially to the effect of clonidine on shiv-
ering. Conversely, clonidine may inhibit transmission
of afferent thermal signals at the level of the spinal
cord, decrease the central thermoregulatory threshold
for shivering, or depress the efferent pathways respon-
sible for shivering. The rapid diminution in shivering
intensity after the administration of clonidine and the
nature of this response (almost all or none) suggest a
resetting of the central threshold for shivering. Sup-
porting this hypothesis is the observation that central
administration of norepinephrine decreases core tem-
perature.'” Finally, the density of az-adrenergic recep-
tors is high in the hypothalamus.'! Further studies are
required to confirm a centrally mediated effect of clo-
nidine on shivering,.

In the dose-range studied, clonidine treatment
stopped postanesthetic shivering more rapidly than did
ketanserin. The differences, however, were small and
might only reflect kinetic or dose-dependent effects.
For example, the 75-ug dose of clonidine may have a
time course similar to that of 10 mg ketanserin. A dose-
response evaluation of ketanserin would address these
issues.

Our investigations focused more on clonidine than
on ketanserin because there are more experimental
thermoregulatory data involving « adrenoreceptors
than serotoninergic receptors.*"%!'3-!74# Furthermore,
it is likely that new, highly specific a,-agonist agents,
such as dexmedetomidine'” and mivazerol,'® soon will
be available clinically.

Patients respond to core hypothermia with vasocon-
striction and shivering thermogenesis.'” The signifi-
cantly slower rewarming observed after cessation of
shivering by clonidine confirms the efticacy of shivering
as a thermoregulatory response. Similarly, central ad-
ministration of norepinephrine decreases thermoge-
nesis and increases cutaneous blood flow, causing hy-
pothermia.'® In contrast, whereas ketanserin also rap-
idly stopped postoperative shivering, it did not
significantly impair patient rewarming. These obser-
vations suggest that vasoconstriction constrained met-
abolic heat to the core more in patients given ketanserin
than in those given clonidine. The difference in core
temperature observed 2 h after administration of clo-
nidine or ketanserin is only 0.3° C and probably is not
clinically relevant. Nonetheless, because rewarming
may be slower after effective treatment of shivering,
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these patients may require active treatment of hypo-
thermia to prevent its continuing side effects, including
prolonged duration of drug action,?® impaired coagu-
lation,?' negative nitrogen balance,?? and possibly, risk
of infection.?” Consequently, maintaining perioperative
normothermia is preferable to postoperative treatment
of shivering.

Shivering is associated with vasoconstriction as well
as increases in heart rate and arterial blood pressure. !
Not surprisingly, treatment of shivering reverses these
hemodynamic changes. However, clonidine per se
contributes to this reversal; systolic arterial blood pres-
sure and heart rate were significantly lower in patients
treated with clonidine than in those given saline, even
after cessation of shivering. The hemodynamic conse-
quences of effective doses of clonidine and ketanserin
are beneficial for shivering patients, rather than dele-
terious. Indeed, these treatments returned elevated ar-
terial blood pressure and heart rate to the normal range.
It is likely that the decrease in blood pressure will be
more pronounced, and perhaps deleterious, when clo-
nidine is administered to hypovolemic patients.

Both clonidine and ketanserin have terminal half-lives
exceeding 10 h.**-2% After the rapid distribution phase
following intravenous injections, their plasma concen-
trations remain relatively high and nearly constant for
a longer period than required for these studies.?>-?7

Our study does not allow us to determine what con-
stitutes the best treatment for postanesthetic shivering.
Meperidine is considered to be the drug of choice for
the treatment of shivering in spontaneously breathing
patients.?"?® Inclusion of a meperidine group as a pos-
itive control and a dose-response study with ketanserin,
therefore, would have been appropriate to compare
the different pharmacologic agents. Intravenous ad-
ministration of 25-50 mg meperidine reduces or abol-
ishes postoperative shivering in 50-60% of pa-
tients.>?® In our study, the percentage of patients still
shivering was 79%, 25%, and 7%, respectively, in the
saline, ketanserin, and clonidine groups. The duration
of a single dose of meperidine may be relatively short,
necessitating repeated doses. Because ketanserin and
clonidine have long half-lives, repeated doses are not
required. Though both these drugs decrease arterial
blood pressure, hypotension also may occur in hypo-

** Mort T, Rintel T, Altman F: Shivering in the cardiac patient: Eval-
uation of the Bair Hugger warming system (abstract). ANESTHESIOLOGY
73:A239, 1990.
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volemic patients given meperidine. The risk of respi-
ratory depression after small doses of meperidine, al-
though small, is increased when repeated doses are
given.

Clonidine contributes to pain relief without poten-
tiating opioid-induced respiratory depression.?® The
sedative effect of clonidine is not necessarily undesir-
able in the immediate postoperative period, particu-
larly after invasive surgical procedures producing dis-
comfort. Finally, in addition to all these pharmacologic
treatments associated with potential side effects, skin-
surface warming also is effective in treating postanes-
thetic shivering** without inducing undesirable effects.

In the second study, therefore, we asked whether
smaller doses of clonidine also might be effective, but
perhaps have fewer hemodynamic effects. The 75-ug
bolus was almost as effective as the 150-ug bolus; both
doses, however, produced similar hemodynamic
changes. The hemodynamic cffects of clonidine are
complex, resulting from peripheral vasoconstriction
combined with the inhibition of the sympathetic ac-
tivity mediated by stimulation of spinal and supraspinal
a, and/or imidazoline receptors.**~*? Moreover, plasma
concentrations of clonidine are not linearly related to
the dose of clonidine,?® and biphasic responses of ar-
terial blood pressure have been observed also.** Fur-
thermore, transient hypertension due to stimulation of
vascular ap-adrenergic receptors has been reported
when an intravenous bolus of clonidine is adminis-
tered.> However, we, and others,>**¢ did not observe
arterial hypertension. The multiple, and sometimes
conflicting, mechanisms of action of clonidine on blood
pressure may explain the absence of a significant he-
modynamic difference between patients given 75 and
150 ug clonidine. Since shivering per se causes hyper-
tension and tachycardia, inclusion of shivering at dif-
ferent intensities might have obscured hemodynamic
differences between patients given 75 and 150 ug clo-
nidine.

Although quantification of shivering by oxygen con-
sumption would have been ideal, only intense shivering
was included in our studies, and baseline hemodynamic
parameters did not differ significantly among the four
groups. Despite similar hemodynamic changes, the
lower dose of clonidine is likely to produce fewer side
effects®® and, therefore, would be preferred in most
cases.

Patients in this study were given a variety of volatile
anesthetics and opioid adjuvants. Had within-group

20z Iudy 01 uo 3sanb Aq ypd°21.000-00060£66 |-Z¥S0000/Z7¥E09/2ES/€/6 L/HPd-01o1n1e/AB0|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



538

JORIS ET AL.

ariability been high, this would be a serious weakness
of the study because we did not have sufficient patients
to analyze each anesthetic type separately. However,
responses within each treatment group were remark-
ably homogenous. Our data thus indicate that both clo-
nidine and ketanserin are rapid and effective treatments
in patients given a wide variety of anesthetics.

In conclusion, 150 ug clonidine and 10 mg ketanserin
cach stopped postoperative shivering without produc-
ing clinically important side effects. However, cloni-
dine acted slightly more rapidly in these doses. Seventy-
five micrograms clonidine was as effective as 150 ug
clonidine; thus, it would seem a preferable dose for
most patients.
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