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Abstract Along with nausea and vomiting, postanaesthetic shivering is one of the lead-

ing causes of discomfort for patients recovering from general anaesthesia. The
distinguishing factor during electromyogram recordings between patients with
postanaesthetic shivering and shivering in fully awake patients is the existence
of clonus similar to that recorded in patients with spinal cord transection. Clonus
coexists with the classic waxing and waning signals associated with cutaneous
vasoconstriction (thermoregulatory shivering). The primary cause of postanaes-
thetic shivering is peroperative hypothermia, which sets in because of anaesthetic-
induced inhibition of thermoregulation. However, shivering associated with
cutaneous vasodilatation (non-thermoregulatory shivering) also occurs, one of
the origins of which is postoperative pain.

Apart from causing discomfort and aggravation of pain, postanaesthetic shiv-
ering increases metabolic demand proportionally to the solicited muscle mass and
the cardiac capacity of the patient. No link has been demonstrated between the
occurence of shivering and an increase in cardiac morbidity, but it is preferable
to avoid postanaesthetic shivering because it is oxygen draining.

Prevention mainly entails preventing peroperative hypothermia by actively
rewarming the patient. Postoperative skin surface rewarming is a rapid way of
obtaining the threshold shivering temperature while raising the skin temperature
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and improving the comfort of the patient. However, it is less efficient than certain
drugs such as meperidine, clonidine or tramadol, which act by reducing the shiv-

ering threshold temperature.

Postanaesthetic shivering is an involuntary
movement that may affect one or several muscle
groups, and which generally occurs in the early re-
covery phase after general anaesthesia.

Recent studies have made it possible to identify
some of the causes of postanaesthetic shivering.
With the findings of these studies, we have pro-
posed a physiopathological explanation for their
occurrence at recovery from a general anaesthesia.
Among the different consequences of postanaes-
thetic shivering, the principal one is an increase in
oxygen uptake. However, the relationship between
this increase and the occurrence of undesirable ef-
fects on vital functions remains a controversial
subject. This is probably as a consequence of the
difficulties in establishing a link between varia-
tions of oxygen uptake and undesirable events, and
also disassociating the proper effects of post-
anaesthetic shivering from those of coexistent
hypothermia.

A systematic search of an electronic database
(Medline), using the keywords ‘postanaesthetic
shivering’ or ‘postoperative shivering or shaking’
revealed a large number of trials on the prevention
or the treatment of postanaesthetic shivering. Re-
taining only the randomised studies versus pla-
cebo, many drugs were identified as acting on
postanaesthetic shivering. They can be classified
into three categories: those that have an experimen-
tally and clinically demonstrated effect on thermo-
regulation; those for which there are a lot of ele-
ments, making it possible to suppose that they also
act by this way; and a third category made up of
various treatments that belong to different classes
and whose mechanisms of action on the post-
anaesthetic shivering remain unknown. In order to
try to clarify and to classify the various treatments
on a basis of their respective potencies, we calcu-
lated the number needed to treat (NNT) for each
one of them.

© Adis Infernational Limited. All rights reserved.

1. Epidemiology

According to studies, the incidence of post-
anaesthetic shivering ranges between 6.3 and
66%.U-121 Some authorsB3>13.141 consider males
more prone to postanaesthetic shivering, whereas
others make no distinction between genders.[67]
However, being a young adult seems to be a deter-
minant factor.[l:36:141 Other risk factors identified
are the length of the anaesthesia or surgery (the
longer the more likely),['-3141 and if no active peri-
operative rewarming procedure is used.[!5161 How-
ever, while some authors#8:12.17-191 did not find a
relationship between a drop in body temperature
and the incidence of postanaesthetic shivering, oth-
ers found the link exists.[3-7-10:141 In fact, mild peri-
operative hypothermia does not necessarily occur
before the appearance of postanaesthetic shivering
but it encourages it, and the more serious the
hypothermia, the higher the probability of post-
anaesthetic shivering.[?!

Lastly, the incidence of postanaesthetic shiver-
ing differs depending on the anaesthetic used. The
use of a halogenated agent!3%7] or pentothal,8!
or the administration only peroperatively of small
quantities of opiates!] encourage the appearance of
shivering. In contrast, the incidence of shivering is
less common with the use of propofol.l1218.20]

2. Pathophysiology

2.1 Origins of Postanaesthetic Shivering

Several hypotheses have been raised to explain
the occurrence of postanaesthetic shivering. These
include perioperative hypothermia,*5:10:15.16] post-
operative pain,!”! perioperative heat loss, 107! the
direct effect of certain anaesthetics, hypercapnia or
respiratory alkalosis, the existence of pyrogens,
hypoxia, early recovery of spinal reflex activity
and sympathetic overactivity.

For slightly more than 10 years, different studies
have provided clearer insight into the origins of
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postanaesthetic shivering. First of all, the record-
ing of postanaesthetic shivering electromyo-
graphic (EMG) patterns enables the identification
of three types of EMG signals:[?!"23] tonic EMG
activity, spontaneous EMG clonus similar to patho-
logical clonus observed in patients with spinal cord
transection, and waxing and waning signals iden-
tical to those obtained during cold-induced shiver-
ing in non-anaesthetised patients. Furthermore,
waxing and waning in unstimulated volunteers is
always preceded by cutaneous vasoconstriction
confirming their central thermoregulatory origin.
One hypothesis used to explain the clonic move-
ments is that they correspond to spinal reflex hyper-
activity, which results from the inhibition of
descending cortical control by residual concentra-
tions of anaesthetics.[*?! These EMG signals are
compatible with the clinical descriptions of abnor-
mal reflexes observed during the early recovery
phase.[]

Recently, Horn et al.[>*! observed 120 patients
who were divided into two groups according to the
intraoperative temperature management. Forty pa-
tients became hypothermic while the others (n =
80) were actively rewarmed in order to obtain a
postoperative core temperature higher than the
measured preoperative temperature. The authors
noticed that the frequency of shivering was ap-
proximately 50% (20 patients) in the control group
compared with 22% (20 patients) in the rewarmed
group. In the latter group, 55% of patients (11 pa-
tients) displayed shivering associated with vasodi-
latation. This means that 15% of actively re-
warmed patients (11 out of 80) present shivering
which does not correspond to a thermoregulatory
response.

Therefore, we can say that there are two types
of postanaesthetic shivering. The first corresponds
to thermoregulatory shivering that is associated
with cutaneous vasoconstriction and which is the
physiological response to the hypothermia devel-
oped during the perioperative period. The second
corresponds to shivering associated with cut-
aneous vasodilatation or non-thermoregulatory
shivering. The mechanisms responsible for non-
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thermoregulatory shivering are not fully known.
However, the existence of a link between postop-
erative pain and the incidence of postanaesthetic
shivering!” has been confirmed by a study compar-
ing the frequency of postanaesthetic shivering after
knee arthroscopy in patients who received and
those who did not receive intra-articular lidocaine
at the end of the operation.[?S] The existence of
greater pain in patients who did not receive local
anaesthesia was accompanied by a higher inci-
dence of postanaesthetic shivering.

Of all the different hypothesis raised to explain
the incidence of postanaesthetic shivering, only
perioperative hypothermia and pain have been
clearly verified. Furthermore, it is indeed a drop in
core temperature that facilitates the emergence of
shivering and not a reduction in the heat content of
the patient. In fact, the initial decrease in central
temperature during the inhibition of thermoregula-
tion by anaesthetics is first of all due to an internal
redistribution of the heat content, which is carried
out with a quasi zero heat balance.[2°! As hypother-
mia and pain are known to initiate sympathetic
overactivity,?7-281 it is difficult to specifically eval-
uate the influence of sympathetic overactivity on
postanaesthetic shivering.

On the basis of several factors, we can assume
that there is a relationship between a possible early
recovery of spinal reflex activity facilitated by the
residual effect of anaesthetics on the inhibiting
control exercised by supraspinal structures and the
incidence of postanaesthetic shivering. This link
provides an explanation for the existence of EMG-
recorded clonus. Furthermore, there is a lower fre-
quency of postanaesthetic shivering with propofol
compared to other anaesthetics such as pento-
thall!'3! or halogenated agents,?°1 which cannot be
explained by the differences of effect on thermo-
regulation.[26] However, it is plausible that the ef-
fect of low concentrations of propofol is less sig-
nificant on certain central structures such as the
reticular formation compared to these other drugs,
thus enabling a faster ‘recovery’ of the descending
inhibiter control.

Drugs 2001; 61 (15)
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Among the other hypotheses raised to define the
causes of postanaesthetic shivering, some of them
such as hypercapnia or hypoxia are unlikely to be
involved since they reduce the thresholds for the
appearance of shivering in volunteers.[2930] The
same applies to respiratory alkalosis since arterial
blood samples taken during postanaesthetic shiver-
ing have a normal or slightly acid pH. Secondly,
the residual effects of anaesthetic agents rather tend
to possess respiratory depressant effects that facil-
itate hypercapnia in patients recovering from an-
aesthesia.

2.2 Consequences of
Postanaesthetic Shivering

The first clinical consequence of postanaes-
thetic shivering is discomfort for the patient. More-
over, the patient has a stressful sensation of coldness
that is systematically associated with postanaes-
thetic shivering.!”823] Most patients mention shiv-
ering and the sensation of coldness as priorities
when queried about the events that should be
avoided after an operation.[3!! Another conse-
quence of postanaesthetic shivering on the comfort
of the patient is the increased pain caused by mus-
cular contractions on the operated site. Lastly, after
ophthalmological surgery, postanaesthetic shiver-
ing increases intra-ocular pressure that can be per-
nicious.32]

The main effect of postanaesthetic shivering is
the increase in oxygen consumption (VO,). By af-
fecting several muscular groups for periods of 45
minutes or more, postanaesthetic shivering triggers
an increase in metabolic demand, which generally
translates into higher VO, combined with in-
creased minute ventilation. Sometimes, but this is
quite rare, metabolic demand can exceed the capac-
ity to deliver oxygen peripherally and result in an-
aerobic metabolism. However, the impact of the
VO, increase on perioperative cardiac morbidity is
difficult to evaluate.

It is important to stress that mild perioperative
hypothermia per se, increases postoperative car-
diac morbidity.[331 With regard to VO, increase, the
figures reported in the literature are very variable,
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ranging from 7 to >700%.13-9-13,17.34-43] The hetero-
geneous samples, measuring methods and differ-
ences between clinical situations (table I) can ex-
plain such significant differences.

Firstly, the increase of VO, linked to shivering
is proportional to the affected muscular mass.
Therefore, the VO, values recorded during post-
anaesthetic shivering will be higher if the patients
are young male adults.[3+37 Furthermore, taking
heterogeneous samples in terms of age induces the
risk of obtaining equally heterogeneous results.[*!]

In the same way, clinical situations vary signif-
icantly from one study to another. In particular,
several studies were carried out in shivering pa-
tients during recovery after cardiac surgery,[38-4043]
when alterations in the left ventricular function
usually exist!**l which limit the adaptation of car-
diac output to metabolic constraints and, therefore,
the increase of VO,. In addition, VO, measure-
ments may be discontinuous and the VO, peak can-
not be recorded.[?:13:17:37.39.41,42]

Another element that makes it difficult to com-
pare the different studies is the choice of the refer-
ence value that allows calculation of the percentage
of variation. It could be a theoretical value,!!7-36:37]
solely attributed to postanaesthetic shivering, i.e.
the postoperative increase in VO,, and without tak-
ing into account other factors such as non-shivering
thermogenesis (even it is a marginal phenomenon
in adults), stress or pain. In other studies, the pa-
tients are their own control,[®:34:38:411 and the refer-
ence is generally that measured at the end of the
anaesthesia leading to an increase in the percentage
of variation in so far as the anaesthesia reduces
oxygen consumption. 34!

Lastly, some studies compare the VO, of pa-
tients presenting or not presenting with postan-
aesthetic shivering.['3-3%42] In these cases, VO, is
approximately 40% higher in the patients with
postanaesthetic shivering than in the control group.
However, in these studies, the patients are >65
years of age, and only 25% of patients shivered in
the routine thermal care group,!'3! or the measure-
ment was taken post-extracorporeal circulation, 3!

Drugs 2001; 61 (15)
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Table . Studies evaluating oxygen consumption (VO2) among shivering patients during the recovery period

References Type of study Sample Comparative Mean VO2 Comments
size (n) VO3 value increase
Bay et al.l'”] Descriptive A=11 Theoretical A: 151% A: as 180% to 490% of basal value
Shivering (A) or non-shivering (B) B=14 value B: 4% B: as 71% to 135% of basal value
patients
Maclintyre et Descriptive 14 Theoretical 380% At rest after shivering, VO2 is
al.’7 value equal to 1.5 times of theoretical
value
Just et al.[®6] Effect of IV naloxone on VO2 in A=7 Theoretical A=25%
rewarmed (A) or not rewarmed (B) B=7 value B=114%
patients
Guffin et al.l¥ Effect of IV meperidine or morphine on 20 End of 105% Post ECC
shivering and VOz2 during recovery anaesthesia
Roel*1] Descriptive 24 End of 80% Patients aged from 18 to 79y
anaesthesia
Ciofolo et al.l®¥l  Descriptive 10 End of 230% Compared with theoretical value,
anaesthesia the mean increase is 80% and is
up to 200% in 3 patients
Viale et al.l%8] Descriptive 11 End of 92% Post ECC. The highest VO, value
anaesthesia among shivering patients ranged

Rodriguez et Comparative. Routine thermal care (A) A=8

all4a vs patients receiving curare (B) B=8

Frank et al.l'®  Comparative. Routine thermal care (A) A =52
vs actively rewarmed (B) patients B =59

Zwischenberger

Comparative. Patients were allowedto A=12
et al.?d B

shiver (A) or not (B) during recovery =12

from 19 to 53% of preoperative
VOzmax value

Maximal VO2  40%

value

Maximal VO2  38% In group A, 25% of patients
value shivered and 2% in group B
Maximal VO2  35% Post ECC

value

ECC = extracorporeal circulation; IV = intravenous; VO2max = maximum oxygen consumption.

or the shivering inhibition in the control group was
probably not complete.[4?]

It seems reasonable to assume that postanaes-
thetic shivering increases VO, by approximately
40 to 120%. Mild perioperative hypothermia dou-
bles the incidence of morbid cardiac events among
patients who either have coronary artery disease or
are at high risk for coronary disease.33! In contrast,
Frank et al.[3345] did not find any relationship be-
tween the incidence of myocardial ischaemia and
postanaesthetic shivering, which is a specific con-
sequence of hypothermia. However, many authors
have observed significant decreases in vein oxygen
saturation (SvQ,)[?3941461 in patients with post-
anaesthetic shivering or a higher consumption of
inotropic drugs.[3! This indicates, in certain situa-
tions, the inability of the ventricular function to
cope with the increase in metabolic demand.[*”!

© Adis Infernational Limited. All rights reserved.

3. Prevention and Management

Hypothermia is responsible for postanaesthetic
shivering in most patients. The way in which it
occurs in the peroperative phase is known and
consistent with a combination of competitive inhi-
bition of thermoregulatory responses by the anaes-
thetics, with a decrease in metabolism, and expo-
sure to a cold environment.!*8) Schematically, the
drop in core temperature occurs in three stages.
The first stage is immediately after anaesthesia in-
duction and consists in an internal transfer of core
heat to the periphery, known as internal redistribu-
tion. The temperature decrease takes place without
heat loss. The second stage is a drop in core tem-
perature the result of heat losses (via the cutaneous
route, by the exposure of viscera or by the perfu-
sion of cold solutions) being higher than heat
gains. Finally, after a decrease in body temperature

Drugs 2001; 61 (15)
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that varies depending on the anaesthetic products
and concentrations used, cutaneous vasoconstric-
tion occurs. During this period, the core tempera-
ture is almost stable but the heat content of limbs
continues to fall, thereby aggravating the hypother-
mia. Atrecovery and the waning of the effect of the
anaesthetic drugs, thermoregulation is no longer
inhibited and other physiological responses to cold
such as shivering appear. Therefore, prevention of
peroperative hypothermia will not only have a ben-
eficial effect on the patient3349301 but will also
automatically reduce the incidence of postanaes-
thetic shivering.

3.1 Peroperative Hypothermia Prevention

Hypothermia prevention during general anaes-
thesia entails limiting the effects of internal redis-
tribution, and reducing and making up for the heat
losses.

Preoperative skin surface rewarming efficiently
limits the effects of internal redistribution.’! Cov-
ering the patient with a forced-air warmer for 30
minutes before the induction of anaesthesia is
enough to eliminate the phenomenon of internal
redistribution.’3?! Another method entails increas-
ing the heat content of the patient by generating
endogenous production. Providing the patient with
480kJ in the form of an amino-acid solution re-
sulted in values close to normothermia after hys-
terectomy. 33!

As patients mainly lose calories through radia-
tion and convection on the skin surface, it also
helps to raise the operating room temperature
(>23°C).541 This method is especially useful when
the patient is uncovered (i.e. at the beginning and
end of the operation). Indeed, the mere fact of cov-
ering the patient as much as possible with the sur-
gical drapes, which are excellent insulators, is suf-
ficient to significantly reduce the loss of heat from
the skin. However, when the surgical field is very
large or if a large amount of viscera is exposed,
room temperature remains an important factor to
limit heat loss. When a perfusion of a large volume
of crystalloid or colloid or of cold blood products
are needed, intravenous solution rewarming pre-

© Adis Infernational Limited. All rights reserved.

vents the patient from cooling down. At least,
losses via the respiratory paths are small and the
use of exchange filters is sufficient to prevent it.

However, reducing calorific losses is not en-
ough if we want patients to be close to normother-
mia when they come out of the operating room.
Indeed, in addition to the internal redistribution
mentioned in section 3 above, the use of passive
means will not prevent the heat balance from being
negative, therefore an active heat transfer is neces-
sary. The cutaneous path is the most efficient. It
offers the largest surface area for exchange and can
be used throughout the operation. Forced warm air
systems are more efficient than water circulation
blankets. During abdominal surgery, covering one-
third of the cutaneous surface is enough for the
patient to be close to normothermia when they
leave the operating room.[>) Furthermore, under
general anaesthesia, heat transfer is more rapid and
more efficient because of peripheral vasodilata-
tion.

3.2 Physical Treatment

Cheng et al.’% have shown that a linear relation-
ship exists between core temperature and the aver-
age skin temperature at the threshold for the ap-
pearance of shivering in the non-anaesthetised
patient. On the basis of the slope of the straight
regression line linking these two parameters, it has
been established that the threshold temperature for
shivering is equal to the sum of 20% of the mean
skin temperature and 80% of the core temperature.
Under light general anaesthesia, the cutaneous fac-
tor levels off at 18%.071 This factor has not yetbeen
calculated at recovery, but it is unlikely that it will
be different. In practice, this means that, to inhibit
postanaesthetic shivering, the average skin temper-
ature must be raised by at least 4°C to be as efficient
as a 1°C increase in core temperature. In addition,
heat transfer from the periphery and the deep tis-
sues is hindered by cutaneous vasoconstriction.[8!
Radiant heat systems applied in the recovery room
are efficient ways of preventing postanaesthetic
shivering!3%-611 or rapidly inhibiting it when it oc-
curs.[0263] The use of a forced air warmer in the

Drugs 2001; 61 (15)
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recovery room can reducel®93 the frequency of
postanaesthetic shivering and was found in all pa-
tients to reduce the duration.[®4%5] In all patients
and regardless of the means used, increasing the
skin temperature significantly improves thermal
comfort.[62:66]

3.3 Medical Treatment

There are numerous effective drugs for pre-
venting or stopping postanaesthetic shivering.
These include o,-agonists,2%-67-711 opjates,137:6971-80]
tramadol,37-81] ketanserin, 0782831 magnesium sul-
fate,134851 corticosteroids,!®¢! physostigmine,[®°!
doxapram,”*87] methylphenidate,!#3 nefopam, 899
and serotonin (5-hydroxytriptamine) 5-HT; antag-
onists.!]

3.3.1 Opiates

The results of clinical studies with p-receptor
agonists are contradictory. The use of alfentanil
250pg in patients with postanaesthetic shivering
has been shown to be both effectivel’#! and in-
effective.[®?] Morphine 2 to 10mg was ineffec-
tive,[97693] whereas doses ranging from 1 to 4
mg/kg followed by a continuous perfusion of 0.2
to 0.5 mg/kg/h were effective in 60% of pa-
tients.[>I' A dose of 25ug (0.36 pg/kg for 70kg) of
fentanyl had no effect on postanaesthetic shiver-
ing,[70! whereas a dose of 1.7 pg/kg,!”?! was effec-
tive in approximately 75% of patients. However,
several studies have shown that [-receptor ago-
nists inhibit postanaesthetic shivering. Alfentanil
acts centrally by increasing the interthreshold
range in volunteers,!°* and in the postoperative pe-
riod, there is a linear relationship between the
threshold temperature of postanaesthetic shivering
and the plasma sufentanil concentration.!”>!

In fact, only meperidine (pethidine) presents a
constantly remarkable effect on postanaesthetic
shivering.[37:69.71-73.76-801 Iy yolunteers, it raises the
threshold for sweating and lowers that of cutane-
ous vasoconstriction.®! In particular, meperidine
has a strong anti-shivering effect since at an equiv-
alent concentration, it lowers the shivering thresh-
old by twice that of cutaneous vasoconstriction.[*!
In the postoperative period, a plasma meperidine

© Adis Infernational Limited. All rights reserved.

concentration of 0.6 mg/L, which is an average
concentration for analgesia, lowered the shivering
threshold by approximately 1.6°C.[73]

There are several arguments which favour the
action of meperidine via K-opioid receptors: (i) in
mammals, thermoregulation seems to be princi-
pally under the dependence of k-receptors,[! (ii)
only strong doses of naloxone raise the inhibiting
effect on shivering of meperidine 1 mg/kg,[’! and
(iii) the equipotent ratios on shivering between
meperidine and -receptor agonists are lower than
for analgesics.[”>%*1 However, this hypothesis is
contradicted by the effects of nalbuphine (a k-
receptor agonist) which inhibits postanaesthetic
shivering®® but, in contrast to meperidine, it has
no particular anti-shivering effect and acts more by
lowering the setpoint than by increasing the inter-
threshold range.®® Another hypothesis is that its
superiority is attributable to a non-opiate property
of meperidine. Indeed, it has a local anaesthetic
activity and a central anticholinergic action. How-
ever, none of these properties seem to have an ef-
fect on the postanaesthetic shivering.[>472,100]

3.3.2 ap-Adrenergic Agonists

In volunteers, clonidine 75ug lowered the
threshold for cutaneous vasoconstriction and shiv-
ering by 0.5°C.l1%l However, it appears to have
little or no effect on the threshold for sweat-
ing.[102103] Dexmedetomidine, an o-agonist with
a receptor specificity 10 times higher than clonid-
ine, also lowers the threshold for vasoconstriction
and shivering without changing the sweating
threshold.l104]

When recovering from general anaesthesia,
clonidine 75ug as a bolus injection stopped post-
anaesthetic shivering within 5 minutes in all pa-
tients.[%7] In contrast, a clonidine 5 pg/kg perfusion
over 1 hour had no effect, probably because the
period required to obtain an effective concentra-
tion is too long.[105]

The results of prophylactic administration of
clonidine varies with studies. In peripheral surgery,
the injection of clonidine 150ugl®® at the begin-
ning of the operation resulted in the incidence of
postanaesthetic shivering being divided by three,

Drugs 2001; 61 (15)
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whereas in another study,!’”! clonidine 2 ug/kg
only resulted in a decrease of 13% (61 vs 74%).

When clonidine 1.5 or 3 pg/kg is administered
at the end of the operation, the frequency of post-
anaesthetic shivering is significantly lower.[20:69.71]
Increasing the doses above this value appears to
result in an even greater decrease in the frequency
of postanaesthetic shivering.!'%! In patients under-
going cardiac surgery, the administration of clonid-
ine 200 to 300ug as a premedication and during
surgery reduced the incidence of postanaesthetic
shivering by a factor of 3.5.180!

Premedication with intramuscular dexmede-
tomidine 2.5 pg/kg in patients scheduled for hys-
terectomies resulted in a reduction in the incidence

of shivering by five compared with those who have
received midazolam 0.08 mg/kg.['071 This signifi-
cant effect can be explained by the fact that plasma
dexmedetomidine concentrations 3 hours after the
end of the anaesthesia range between 0.18 and 0.52
pg/L. This causes a drop in the shivering threshold
of 0.4 to 1.2°C.1%41 [n cardiac surgery, the admin-
istration of a continuous perfusion of dexmede-
tomidine until the end of the surgery, reduced the
frequency of postanaesthetic shivering by 57% to
33%.1108]

The mechanism in which o,-agonists work is
probably central. Indeed, the shivering centre is un-
der the inhibiting control of the preoptic anterior
hypothalamic region. This control is strengthened
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Magnesium sulfate 1g®4 | | |—
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[
[
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Doxapram 100mgf
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Doxapram 1.5 mg/kg(™ ——
Ketanserin 10mgl®3] ——
Ketanserin 10mg(82] e I
Ketanserin 10mgl®”l | ————1
Tramadol 0.5 mg/kg!'1% ——
Tramadol 2 mg/kg!''® HI——

Tramadol 1 mg/kg!"'% HI——

Clonidine 150ug®”! —_—
Alfentanil 250ugl®? | —O—
Fentanyl 1.7 pg/kg’@ | +—o———
Nalbuphine 0.08 mg/kg!®®! |—}+—
Meperidine 25mg!74! T
Meperidine 25mgl82 | —o0——
Meperidine 0.5 mg/kg8¥ | HO——
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Number-needed-to-treat (95% ClI)

Fig. 1. Number needed to treat from randomised controlled studies using drugs to stop postanaesthetic shivering. The endpoint is
cessation of shivering when it occurs during recovery from general anaesthesia. Symbols are ‘numbers needed to treat’ to stop
shivering. Areas of symbols are plotted proportional to the number of analysed patients. Horizontal bars are 95% confidence intervals
(CI) calculated the Wilson’s equation adapted for a small sample.[""4l The upper boundary of the 95% CI around the number to treat
places the treatment in the least favourable limit. If this upper limit lies within what would be considered to be a minimal clinically
relevant effect (for instance a number needed to treat of 2.5 to stop shivering), the result indicates a definitely useful treatment.
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Nefopam 0.15 mg/kg!®d ——
Nefopam 20mgl8® | —-o——
Clonidine 2ug/kg!™ D
Clonidine 3 pg/kg!®®l O
Clonidine 1.5 pg/kgl®d o
Clonidine 3 pg/kg”"! —_—
Clonidine 150 mcg®®] —
Clonidine 3 pg/kg?®! —_——
Meperidine 0.4 mg/kgl""! P T
Meperidine 0.5 mg/kg[69] 0
1 é é 1|0 2'0 3'0 5'0

Number-needed-to-treat (95% CI)

Fig. 2. ‘Number needed to treat’ from randomised controlled studies using drugs to prevent postanaesthetic shivering. The endpoint
is prevention of shivering during recovery from general anaesthesia. Symbols are numbers needed to treat to prevent shivering.
Areas of symbols are plotted proportional to the number of analysed patients. Horizontal bars are 95% confidence intervals (Cl)
calculated the Wilson’s equation adapted for a small sample.l'™ The upper boundary of the 95% CI around the number to treat
places the treatment in the least favourable limit. If this upper limit lies within what would be considered to be a minimal clinically
relevant effect (for instance a ‘number needed to treat’ of 5 to prevent shivering), the result indicates a definitely useful treatment.

by epinephrine and norepinephrine,'%! and the o,-
agonists probably act in the same way.

3.3.3 Tramadol, Ketanserin, Nefopam
and Ondansetron
Ketanserin, ondansetron, tramadol and nefopam

inhibit or prevent postanaesthetic shivering. Gen-
erally, ondansetron is used for its antiemetic prop-
erties, ketanserin for its vascular effects, and nefo-
pam and tramadol for their analgesic effects.
However, in spite of different clinical properties,
all four drugs act on the serotonin neuromediator.

Tramadol 1 mg/kg, a non-opioid analgesic, in-
hibits postanaesthetic shivering.[8:1191 In the non-
anaesthetised individual, a dose of tramadol 1 mg/kg
lowered the setpoint, raised the interthreshold range
and reduced the threshold temperature by roughly
0.8°C.111

In addition, nefopam 0.15 mg/kg or 20mg, an-
other non-opioid analgesic, has been shown to in-
hibit and prevent postanaesthetic shivering.[8%-901

© Adis Infernational Limited. All rights reserved.

Ketanserin 10mg, a 5-HT, antagonist, has been
shown to inhibit postanaesthetic shivering.[67-82:83]

In the same way, a 5-HT3 antagonist ondanset-
ron 8mg, was effective in preventing postanaes-
thetic shivering at recovery of a general anaesthe-
sia.”!ll The mechanism by which all these drugs act
has not been clarified but could be related to the
inhibition of serotonin re-uptake which is supposed
to encourage the inhibiting effect of serotonin on the
preoptic anterior hypothalamic region.[10%]

3.3.4 Other Drugs
Many other drugs seem to have anti-shivering

effects, such as methylphenidate 20mg,!88! physo-
stigmine 0.04 mg/kg!%®! or doxapram 100mg or 1.5
mg/kg.7871 The mechanisms of action of these
agents in postanaesthetic shivering remain ob-
scure. They are said to facilitate the ‘recovery’ of
the descending inhibitor control of the supraspinal
effecting centres on the spinal centres. Magnesium
sulfate 30 mg/kg®+831is also effective in inhibiting
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postanaesthetic shivering but the mechanism by
which it works is not known.

3.3.5 Summary

It is difficult to list and compare the different
treatments deemed to efficiently prevent or stop
postanaesthetic shivering because of the scarcity of
comparative elements between the different stud-
ies. Indeed, the residual effects of halogenated
products(!!?! and opiates*®! used in the peropera-
tive phase could interfere with the drugs being
evaluated. The heterogeneity and size of samples
could influence the validity of tests, as well as the
differences in the doses administered. Lastly,
postanaesthetic shivering is a spontaneously reso-
lutive phenomenon and the interpretation of stud-
ies without a control group is delicate.

In order to be able to compare various drugs
used to prevent or stop shivering we calculated the
‘number needed to treat’ with the 95% confidence
interval (CI).[113] We retained the studies where the
agent evaluated was compared with a placebo and
where the effect was statistically significant. Use
of the ‘number needed to treat’ enables us to calcu-
late the number of patients that must be treated to
stop (fig. 1) or prevent (fig. 2) postanaesthetic shiv-
ering in a patient. This method has revealed that
opiates, particularly meperidine 0.4 to 0.85 mg/kg,
are very effective in stopping postanaesthetic shiv-
ering. Tramadol 1 or 2 mg/kg and magnesium sul-
fate 30 mg/kg are interesting alternatives. Only the
administration of nefopam seems to be useful in the
prevention of postanaesthetic shivering. Clonidine
0.3 ng/kg is only effective in conditions where it is
administered at the end of the operation and after
the use of a halogenated product in the peroperative
phase.

4. Conclusion

The phenomenon of postanaesthetic shivering is
tending to decline thanks to the more systematic
prevention of hypothermia in the peroperative
stage. Prevention of hypothermia consists of limit-
ing heat losses and in actively rewarming the pa-
tient. However, if shivering occurs, it must be
treated systematically in order to improve patient

© Adis Infernational Limited. All rights reserved.

comfort and analgesia. Skin surface rewarming is
less efficient than medical treatment with meperid-
ine, tramadol or, in certain situations, clonidine.
Furthermore, secondary effects are rare and the
treatments are inexpensive.
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