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Control of shivering
Anne Miu Han Chan MBBS FHKCA .
Kwok Fu Jacobus N MACHS FANZCA under regional anesthe-
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FHKAM(ANESTH)
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Purpose: Tramadol in a dose of | mg-kg™! iv is effective in the treatment of shivering after general anesthesia. The
current study aimed to investigate (1) whether tramadol was equally effective for shivering under regional anes-
thesia in obstetric patients and (2) whether effective treatment could be achieved with lower doses.

Methods: In a randomised, double-blind study, 36 obstetric patients who shivered during Cesarean section
under regional anesthesia and who requested anti-shivering treatment were allocated to one of three groups for
iv treatment: Group T0.5 received tramadol 0.5 mg-kg™' (n=12), Group T0.25 tramadol 0.25 mgkg™' (n=13)
and Group NS normal saline 0.05 mi-kg™' (n=11). Treatment efficacy was evaluated subjectively by the parturi-
ent as no improvement, slight improvement, or marked improvement. The attending anesthesiologist who was
blinded also independently noted the time elapsed from treatment to the time shivering subsided. Side effects
such as nausea, vomiting or sedation and Apgar scores of the newborn were also noted.

Results: Eighty percent of parturients in Group T0.5 and 92% in Group T0.25 were judged by observers to have
shivering controfled compared with 27% in Group NS (P < 0.00!). The response rates of Group T0.5 and
Group T0.25 were not different. There was no increased incidence of side effects in the treatment groups.
Conclusion: We conclude that tramadol iv was effective in the treatment of intraoperative shivering during
regional anesthesia for Cesarean section. There was no demonstrable difference in response rate or incidence of
side effects between the two doses of 0.5 mg-kg™! and 0.25 mg-kg™'.

Objectif : Le tramadol en dose de | mgkg iv est efficace pour le traitement des frissons aprés I'anesthésie
générale. La présente étude veut analyser (1) si le tramadol est également efficace contre les frissons sous
anesthésie obstétricale régionale et (2) si le traiterment efficace peut se faire avec de plus faibles doses.

Méthode : Dans une étude randomisée et a double insu, 36 parturientes atteintes de frissons pendant la césari-
enne sous anesthésie régionale ont été réparties en trois groupes pour recevoir un traitement de tramadol iv :
le Groupe T0,5 en a recu 0,5 mg-kg™ (n = 12), le Groupe T0,25 en a regu 0,25 mg-kg™' (n = 13) et le Groupe
SN a eu 0,05 ml-kg' de solution saline normale (n = 11). Lefficacité du traitement a été évaluée subjectivement
par les parturientes : aucune amélioration, légére amélioration ou importante amélioration. De son coté,
I'anesthésiologiste traitant, observateur impartial, a noté le temps écoulé entre le traitement et la fin des frissons.
On a aussi enregistré les effets secondaires comme les nausées, les vomissements ou la sédation et les indices
d'Apgar du nouveau-né.

Résultats : Quatre-vingt pour cent des parturientes du Groupe T0,5 et 92 % de celles du Groupe T0,25 ont
bénéficié du traitement des frissons selon les observateurs, mais 27 9% seulement des patientes du Groupe SN
(P < 0,001). Le temps de réaction des groupes T0,5 et T0,25 n'étaient pas différents. Il n'y a pas eu d'incidence
accrue d'effets secondaires dans les groupes traités.

Conclusion : Nous pouvons conclure que le tramadol iv a été efficace pour le traitement des frissons per-
opératoires pendant une césarienne sous anesthésie régionale. Il n'y a pas eu de différence démontrable de temps
de réaction ou d'incidence d'effets secondaires selon les deux doses de 0,5 mg-kg et de 0,25 mg-kg-.
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EGIONAL anesthesia (extradural /sub-
arachnoid) is a safe and popular anesthet-
ic technique for Cesarean section, both in
elective and emergency situations. One of
the common complications of this technique is shiver-
ing, with an incidence of 39% in our institution.!
Shivering causes distress to the patient. It may also
increase metabolic rate by up to 400%, induce arterial
hypoxemia and lactic acidosis, increase intraocular
pressure and cause artefacts in monitors.2
Among the pharmacological methods of control-
ling shivering, meperidine has been shown to be effec-
tive,”8 with a minimum effective dose of 0.35
mg-kg!.8
Tramadol has been used as an analgesic for labour
pain without adversely affecting the mother or new-
born.? In addition, in a dose of 1 mg-kg™ v, has been
shown to be effective in the treatment of post-opera-
tive shivering.1%!! With its pharmacodynamic advan-
tage in causing less respiratory depression and
sedation,'>!3 and its unique status of not being a con-
trolled drug, it has potential use in the control of
shivering in the obstetric suite because it is more con-
venient and, theoretically, safer than meperidine.
Tramadol and meperidine are approximately equipo-
tent!* with respect to analgesia. Although the ant-
shivering and analgesic effects of these two agents may
be mediated via different receptors, we postulate that
tramadol may control shivering at doses < 1 mg-kg™1.
The aim of the present study was to investigate the
safety and efficacy of intravenous tramadol in control-
ling shivering in obstetric patients under regional
anesthesia for Cesarean section and to determine the
optimal dose of tramadol to achieve a therapeutic
effect with minimal side effect.

Methods

The study was approved by the ethics committee of
the University of Hong Kong. All parturients includ-
ed gave voluntary, written informed consent to partic-
ipate in the study before anesthesia. Only ASA I and
II consenting parturients who subsequently developed
shivering intra-operatively during elective or emer-
gency Cesarean section under regional (subarachnoid
or extradural) anesthesia and who requested treatment
for shivering were studied.

Patients with known hypersensitivity to tramadol,
with initial body temperature >38.0°C or <36.5°C,
with a known history of alcohol or substance abuse, or
who received intramuscular meperidine for labour pain
within one hour were excluded.

Subarachnoid or extradural anesthesia was institut-

ed at either L, ;, L, , or L, . interspace. Bupivacaine
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0.5% was used in all cases. The volume of preloading
intravenous fluid, the use of ephedrine for hypoten-
sion, and the dose of local anesthetic and opioid were
determined by the attending anesthesiologists’ and
were not affected by inclusion in the study. All pre-
loading fluids and drugs were to be given at room
temperature. The operating room temperature was
kept at 24°C. A standard double layered blanket was
used to cover the chest and upper limbs of all patients.
Standard monitoring of non-invasive blood pressure,
ECG and pulse oximeter were used.

Patients eligible for study were randomly allocated
to one of three groups: Group TO0.5 received 0.5
mg-kg™! tramadol; Group TO0.25 received 0.25
mg-kg™! tramadol and Group NS received 0.05
ml-kg™! normal saline. All drugs were given as an i»
bolus. Anesthesiologists and patients were blinded to
the treatment. Randomisation and blindness of the
study were assured by a strict protocol. Before start of
the operation, three syringes containing 5 ml solution
each were prepared by the anesthesiologist involved.
The first syringe contained tramadol 10 mg-ml™, the
second tramadol 5 mg-ml™? and the third normal
saline. These syringes were labeled 1,2 or 3 and put
into a box with three compartments. Should the par-
turient develop shivering and require treatment, an
anesthetic assistant not involved in any other way in
the study would pick randomly from a set of sealed
envelops and pick out one of the three syringes as
instructed in the envelop. The label on the syringe was
removed before handling it to the anesthesiologist and
kept by the assistant until the end of the operation.
The assistant was instructed not to disclose the label to
the anesthesiologist, who then gave the injection at a
dose of 0.05 ml-kg™.

The anti-shivering effect was assessed both by the
parturient and by the observing anesthesiologist. The
parturient was asked to evaluate, five minutes after
injection the effect of the treatment as either no
improvement, slight improvement, or marked
improvement. The attending anesthesiologist inde-
pendently recorded the time that he or she subjective-
ly assessed the shivering to have subsided. If shivering
did not subside after 15 min, the treatment was con-
sidered not effective. Recurrence of shivering, if any,
was also recorded until the parturient left the operat-
ing theatre suite.

The attending anesthesiologist also assessed the
degree of sedation at 5 and 10 min on a three point
scale where 0 = no sedation; I = mildly sedated, easily
rousable and II = heavily sedated. The parturient was
also asked specifically for feelings of nausea or dizzi-
ness or other discomfort and observed for vomiting.
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FIGURE 1 Paturient assessment of anti-shivering effect. Only
one parturient in placebo group reported marked improvement
(*P = 0.016, Kruskal-Wallis ANOVA).
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FIGURE 2 Incidence of side effects in different groups. (P NS).

The BP, pulse and SpO, were recorded every five min-
utes for 15 min. Apgar scores at one and five minutes
and cord blood pH were recorded if the study drug
was given before delivery. The parturient’s body tem-
perature before the start of operation and the OR
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TABLE I Patient demographics

Group T0.5 Group T0.25 Group NS
(n=12) (n=13) (n=11)
Age 30.3:£358 331=:x4.23 322 :£510
ASA* 1 10 (83.3) 9(69.2) 9 (81.8)
I 2(16.7) 4 (30.8) 2 (18.2)
Body weight (kg) 67.1+8.87 731+104 64.7+892
Body temperature (°C) 36905 372:03 375:0.3

OR temperature (°C) maintained at 24°C.
Values are mean (SD)
* Number (percent)

TABLE I1 Anaesthetic details
Group T0.5 Group T0.25 Group NS

(n=12) (n=13) (n=11)
Technique extradural 9 (75.0) 2(15.4) 4(36.4)
subarachnoid 3 (25.0) 11 (84.6) 7 (63.6)
Highest dermatome > T4 4 (33.3) 3(23.1) 1 (9.09)
T4 3(25.0) 8 (61.5) 6 (54.5)
<T4 5(41.7) 2(154) 3 (36.4)
Morphine dose extradural 2.63 +1.11 2.5+0.00 2.75+0.29

(mg)* subarachnoid 0.25 + 0.00 0.25 +0.03 0.25 + 0.03

Values are number (percent)
* mean + SD

temperature were also recorded. If parturients devel-
oped nausea and vomiting after injection of the study
drug, metoclopramide 10 mg ¢v was administered.

Statistics & power analysis
The sample size of 12 in each group was able to detect
a difference in response rate with 80% power at an
error level of 0.05, assuming a response rate of 60% in
treatment group and 10% in placebo group.
Statistical analysis was performed using the soft-
ware programme Statistica release 4.5 (StatSoft™,
Tulsa™, Oklahoma, USA). Nonparametric data such
as response rates, subjective improvement scores and
Apgar scores were analysed by Kruskal-Wallis
ANOVA. Mann-Whitney U test or Chi-squared test
was used if further pairwise comparison was necessary.
Parametric data were compared by ANOVA followed
by Tukey’s HSD test if post-hoc pairwise comparison
was necessary. Significance level was set at P < 0.05.

Results

Thirty-nine parturients were studied. One parturient in
Group T0.5 and two in Group NS were excluded
because of incomplete data entry. Data from 36 par-
turients were used in the final analysis, 12 in Group
T0.5, 13 in Group T0.25 and 11 in Group NS.
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TABLE III Apgar score of newborn in Group T0.5 and T0.25

CANADIAN JOURNAL OF ANESTHESIA

Group T0.5 Group T0.25
Injection before after Pvalue before after P
delivery delivery delivery delivery value
(n=4) (n=8) (n=6) (n=7)
AS1 8.50+1.29 8.75+1.28 ns 8.83 098 8.33 £+ 0.58 ns
ASS 9.75 £ 0.50 9.88 + 0.35 ns 9.831041 9.33 £+ 0.58 ns
minimum
AS1 7 6 8 8
minimum
ASS 9 9 9 9

AS 1 = Apgar score at 1 minute
AS 5 = Apgar score at 5 minute
ns = no significance

Values are mean + SD

Demographic data, including body temperature are
summarised in Table I. Most patients received an
extradural or subarachnoid bolus dose of morphine
during the institution of the block. The anesthetic tech-
nique, the highest level of block, and the dose of mor-
phine administered are summarised in Table II.

Ten patients (83%) in Group T0.5, 12 patients
(92%) in Group T0.25 and only three patents (27%)
in Group NS were judged by the observing anesthesi-
ologist to have shivering controlled after injection of
the study drug (P < 0.001, Kruskal-Wallis ANOVA).
Further pairwise comparison between Groups T0.5
and T0.25 showed no difference in the response rates.
In addition, more patients in Groups T0.5 and T0.25
rated their injection as effective, compared with
Group NS (Figure 1). Again there was no difference
between Groups T0.5 and T0.25 in this aspect.

There was no difference in the incidence of side
effects among the three study groups (Figure 2). Six
patients (50%) in Group T0.5, three patients (23%) in
Group T0.25 and two patients in Group NS (18%)
required metoclopramide during the operation, the dif-
ferences were not statistically significant (P = 0.20,
Kruskal-Wallis ANOVA). Five patients (42%) in Group
TO.5, eight patients (62%) in Group T0.25 and seven
patients (64%) in Group NS required ephedrine, the
differences were again not significant (P = 0.50,
Kruskal-Wallis ANOVA). No patient in any group
developed sedation or desaturation after injection of the
study drug. There was also no difference in BP and P in
the initial 15 min after injection. Only four patients in
Group TO.5, six patients in Group T0.25 and one
patient in Group NS received the study drug before
delivery. The Apgar scores of newborns of these
patients are presented in Table III.

In those patients who responded, the onset time
was shorter in Group T0.5 (3.8 min, 95% C.I. 2.3 -
5.3 min) and Group T0.25 (5.4 min, 95% C.I. 3.7 -
7.1 min) than in Group NS (10.0 min, 95% C.I. 0.83
- 20.8 min) (P < 0.01, ANOVA followed by Tukey
HSD test). Four patients (40%) in Group T0.5 and
seven patients (58%) in Group T0.25.had recurrence
of shivering after initial control (P = NS, %2).

Discussion
The mechanism of shivering under regional anesthesia
is not fully understood. Possible contributing factors are
a decrease in core temperature and misinformation
from receptors. A decrease in core temperature may be
due to (1) sympathetic blockade which results in
peripheral vasodilatation, increased cutaneous blood
flow, and subsequent increased heat lost via skin,!5:16 (2)
a cold operating room, or the rapid infusion of crystal-
loid solutions at room temperature,!”!® or (3) the
direct effects of cold anesthetic solutions upon ther-
mosensitive structures within the spinal cord. As well,
local anesthetics introduced into the extradural space
might modify environmental thermal cues, with resul-
tant inappropriate thermal responses to false informa-
ton. Treatment modalities have included covering the
patent with blankets, application of radiant heat and
warming the operating room suite.!>!71? The use of
warm local anesthetic solution!82? or warm intravenous
fluids?® has met with varying degrees of success.
Addition of various opioids extradurally also reduced
the incidence of shivering.?!-*2

Our study was designed to standardise these possible
confounding factors while reflecting the usual practice in
our institution. Operating room temperature was held
constant at 24°C, intravenous fluids and drugs were
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administered at room temperature and a double layer
blanket was used for all parturients to cover the upper
part of body. Body temperature was also recorded at the
beginning of the operation. All patients received mor-
phine either extradurally or subarachnoidly.

Tramadol is an analgesic with agonist properties on
opioid receptors. Tramadol also activates the
monoaminergic receptors of the descending spinal
inhibitory pathway of pain. The main opioid effect of
tramadol is mediated via the p-receptor, with minimal
effect at k-, or 8- binding sites.2® Tramadol also inhibits
in vitro synaptosomal noradrenaline and serotonin
uptake, which contributes to its analgesic effect.??

Our study demonstrated that tramadol, in a dose as
low as 0.25 mg-kg™ successfully controlled shivering
in parturients undergoing Cesarean section under
regional anesthesia. We could not demonstrate any
difference in response between 0.5 mg-kg™ and 0.25
mg-kg™! tramadol. Previous studies have used 1
mg-kg™! tramadol to control shivering.!%!! We investi-
gated 1 mg-kg™! tramadol in a pilot study and the inci-
dence of nausea and vomiting at this dose was
unacceptably high. Considering the minimum effec-
tive dose of meperidine in controlling shivering and
the equipotency of tramadol and meperidine with
respect to analgesia,'* we modified our dosage regi-
men to 0.5 mg-kg™ and 0.25 mg-kg™ tramadol and
normal saline. From the current study, the administra-
tion of 0.25 mg-kg™ and 0.5 mg-kg™! tramadol sv did
not result in higher incidence of side effects compared
with normal saline.

Based on our study it was not possible to draw con-
clusions about the mechanisms involved in the anti-
shivering effect of tramadol. For meperidine, the
effect is most likely mediated via receptors other than
the p-receptor, in particular the x-receptor. This is
supported by observations that meperidine controlled
shivering better than morphine and fentanyl, and that
the anti-shivering effect of meperidine was not
reversed by low dose, but by high dose naloxone.?*25
Tramadol has minimal k-receptor activity.?® The p-
receptor activity of tramadol was also unlikely to be
important in the effect we observed. Pure p-agonists
such as morphine and fentanyl do not have significant
anti-shivering effect.2* Thus, it is highly likely that the
anti-shivering effect of tramadol was mediated via its
serotonergic or noradrenergic activity or both.

Our study did not control tightly the various fac-
tors which might influence the incidence of shivering,
such as the dose of subarachnoid or extradural mor-
phine or the temperature of drugs and intravenous
fluids. However, this should not have affected the
validity of our comparisons. First, the current study
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focused on the response after treatment, rather than
the incidence of shivering. Second, by randomisation,
the three study groups had been subjected to a similar
degree of influence of these factors. However, there
was an inequality of anesthetic techniques in the two
study groups despite randomisation, with more
extradurals in Group T0.5 and more subarachnoids in
Group T0.25. We thought this was also unlikely to
have affected our comparison as it has been shown
that vasoconstriction, shivering thresholds and ther-
moregulatory processing are very ' similar during
extradural and subarachnoid anesthesia.26

We have not performed a direct comparison between
tramadol and meperidine. However, tramadol does
have advantages over meperidine in that it is not a con-
trolled drug and it causes less respiratory depression and
sedation than other opioids at equivalent dosages.!?"3
Patients receiving meperidine #» for control of shivering
during extradural anesthesia were more drowsy at two
and five minutes after injection, although there was no
difference in level of consciousness at later intervals.?”
On the other hand, some paturients developed recur-
rence of shivering after initial control with tramadol.
Further studies are indicated to compare these two
agents directly to substantiate these possible differences.
Synergism in the anti-shivering properties of these two
agents is also possible, as their effects are likely mediat-
ed via different receptors. It might also be interesting to
investigate the effect of repeating tramadol administra-
tion in various dosages should shivering recur.

We conclude that 0.25 mg-kg™! tramadol #» effec-
tively controlled shivering during Cesarean section
under regional anesthesia with minimal side effects.
Increasing the tramadol dose to 0.5 mg-kg™' did not
improve its therapeutic effect.
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