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The Effects of Meperidine and Sufentanil on the

Shivering Threshold in Postoperative Patients
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Background: Meperidine (pethidine) reportedly treats post-
operative shivering better than equianalgesic doses of other
p-receptor agonists. The authors’ first goal was to develop a
method to accurately determine postoperative shivering
thresholds, and then to determine the extent to which meperi-
dine and sufentanil inhibit postoperative shivering.

Methods: A computer-controlled infusion was started before
operation in 30 patients, with target plasma concentrations of
0.15, 0.30, or 0.60 ug/ml meperidine or 0.1, 0.15, or 0.2 ng/
ml sufentanil targeted; patients were randomly assigned to
each drug and concentration. The infusion was continued
throughout surgery and recovery. Anesthesia was maintained
with nitrous oxide and isoflurane. Core temperatures were
~34°C by the end of surgery. The compensated core tempera-
ture at which visible shivering and a 20% decrease in steady-

* Attending Anesthesiologist, Department of Anesthesia, Hopital
Ambroise Paré.

T Professor, Department of Anesthesia, University of California, San
Francisco; Professor, Ludwig Boltzmann Institute for Clinical Anesthe-
sia and Intensive Care; Director, Outcomes Research, and Vice-Chair,
Department of Anesthesia and General Intensive Care, University of
Vienna.

# Resident, Department of Anesthesia, Hopital Ambroise Paré.
§ Pharmacologist, Janssen Research Foundation.

|| Professor and Chair, Department of Anesthesia, Hopital Ambroise
Paré.

Received from the Hopital Ambroise Paré, Boulogne-Billancourt,
France; the Department of Anesthesia and Perioperative Care, Univer-
sity of California, San Francisco, California; the Ludwig Boltzmann
Institute for Clinical Anesthesia and Intensive Care, Vienna, Austria;
the Outcomes Research Laboratory, University of Vienna, Vienna,
Austria; and the Janssen Research Foundation, Val de Reuil, France.
Submitted for publication August 4, 1997. Accepted for publication
March 3, 1998. Supported by National Institutes of Health grant
GM49670, the Joseph Drown Foundation (Los Angeles, California),
and the Fonds zur Forderung der Wissenschaftlichen Forschung (Vi-
enna, Austria). Drs. Levron and Le Moing are employees of Jansson-
Cilag Laboratories; the other authors do not consult for, accept hono-
raria from, or own stock or stock options in any anesthesia-related
company.

Address reprint requests to Dr. Alfonsi: Département d’Anesthésie-
Réanimation, Hopital Ambroise Paré, 9 Avenue Charles de Gaulle,
92100 Boulogne-Billancourt, France. Address electronic mail to:
pascal.alfonsi@apr.ap-hop-paris. fr

Anesthesiology, V 89, No 1, Jul 1998

state oxygen consumption was recorded identified the shiv-
ering threshold. A blood sample for opioid concentration was
obtained from each patient at this time. The ability of each
opioid to reduce the shivering threshold was evaluated using
linear regression.

Results: End-tidal isoflurane concentrations were <0.2% in
each group at the time of extubation, and shivering occurred
~1 h later. Meperidine linearly decreased the shivering
threshold: threshold (°C) = —2.8- [meperidine (ug/ml)] + 36.2;
r’ = 0.64, P = 0.0005. Sufentanil also linearly decreased the
shivering threshold: threshold (°C) = —7.8-[sufentanil (ng/
ml)] + 36.9; r* = 0.46, P = 0.02.

Conclusions: At a given dose, sufentanil inhibited shivering
2,800 times better than meperidine. However, the equianalge-
sic ratio of these drugs is approximately 4,900. That is, meperi-
dine inhibited shivering better than would be expected based
on the equianalgesic potency ratio. These data are thus consis-
tent with clinical observations suggesting that meperidine in-
deed possesses special antishivering activity. (Key words: Hy-
pothermia; opioid; shivering; temperature; thermoregulation;
vasoconstriction.)

THE thermoregulatory effects of alfentanil' and meperi-
dine’ have been established in volunteers. Alfentanil
reduces both the vasoconstriction and shivering thresh-
olds (triggering core temperatures).! Meperidine, a
combined p- and k-receptor agonist, apparently inhibits
shivering better than equianalgesic concentrations of
alfentanil.” This special action of meperidine may be
mediated in part by activation of kappa opioid recep-
tors.’

Volunteer studies have the advantage of allowing
highly controlled experimental conditions. Further, it is
generally possible to simultaneously evaluate the three
major thermoregulatory defenses: sweating, vasocon-
striction, and shivering. Nonetheless, considerable cau-
tion is appropriate when extrapolating shivering thresh-
olds determined in volunteers to actual patients after
surgery. First, some spontaneous postoperative tremor
may not be normal shivering.*> Second, control of even
normal thermoregulatory shivering is modulated by
many factors, including hypoxia, hypercarbia, and
pain.®”'' Respiratory difficulties are, of course, common
in postoperative patients, as is pain.
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Many studies have evaluated potential treatments for
postoperative shivering. Meperidine, for example, is
generally reported to be more effective than pure y-
receptor agonists.'>'> Other investigators, however, re-
port comparable efficacy.'"” Unfortunately, most stud-
ies of postoperative shivering are difficult to interpret
because they fail to (1) compensate for kinetic differ-
ences among tested drugs, (2) maintain stable drug lev-
els, (3) measure plasma concentrations, (4) evaluate
the dose dependence of each drug, and (5) control for
residual anesthetics.

A further difficulty is that previous studies define effi-
cacy only by the treatment’s ability to arrest shivering,
rather than by determining concentration-dependent re-
sponse thresholds. The problem with this approach is
that the data are highly population specific, applying
only to the observed core and skin temperatures and
particular level of pain and adrenergic activation. The
results of these studies thus are difficult to generalize.
Finally, many studies include a wide range of ages, al-
though shivering is significantly impaired'® and rela-
tively rare'” in the elderly.

Our first task was to develop a method to determine
postoperative shivering thresholds while maintaining
the thermoregulatory and pharmacokinetic controls
typical in volunteer studies. Our second goal was to
quantify concentration-dependent reductions of the
shivering threshold by meperidine and sufentanil in pa-
tients after operation. We chose sufentanil as the con-
trol opioid because its ability to inhibit shivering has
not been determined.

Methods

With approval from the Ethics Committee of the Hopi-
tal Ambroise Paré and informed patient consent, we
studied 30 patients classified as American Society of
Anesthesiologists physical status 1 and 2. They were 18-
to 40-yr-old and recovering from lower-limb orthopedic
surgery that lasted at least 1 h. None was obese, febrile,
taking fS-receptor blockers, a,-receptor agonists, mono-
amine oxidase inhibitors, chlorpromazine, or tricyclic
antidepressants. None had a history of thyroid or neuro-
muscular disease, dysautonomia, or Raynaud’s syn-
drome. This study started in 1994, and data collection
concluded in 1996; patient recruitment was thus fin-
ished before publication of the major studies showing
adverse patient outcomes after mild perioperative hypo-
thermia.'®
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Protocol

Patients were randomly assigned to receive meperi-
dine or sufentanil and to three different target plasma
concentrations of each. The target concentrations for
meperidine were 0.15, 0.3, and 0.6 pg/ml; for sufen-
tanil, the concentrations were 0.1, 0.15, and 0.2 ng/ml.
These concentrations were chosen to span a range that
would provide adequate pain relief while maintaining
spontaneous postoperative ventilation."”

Opioids were administered in a double-blinded man-
ner by infusions started ~30 min before induction of
anesthesia and continued throughout the first several
hours of postanesthetic recovery. Specific infusion pro-
files were obtained by computer simulations using the
SIPHAR (PHARM) program (SIMED, Inc., South Af-
rica),”’ and were based on previously described sufen-
tanil”’ and meperidine** pharmacokinetics, assuming
linearity within the stipulated concentration intervals.

Anesthesia was induced, without premedication, by
administration of 3-4 mg/kg propofol and 0.1 mg/kg
vecuronium. The patients’ tracheas were intubated, and
ventilation was mechanically controlled to keep end-
tidal carbon dioxide tension values at 30-35 mmHg.
The fresh gas flow was maintained at 2 l/min via a
semiclosed circle system without airway heating or hu-
midification. Anesthesia was maintained with isoflurane
in 60% nitrous oxide. Isoflurane was administered based
on the clinical judgment of the attending anesthesiolo-
gist, with the general goal of maintaining mean arterial
blood pressure within 20% of baseline values. No addi-
tional muscle relaxant was given. Patients were not ac-
tively warmed during anesthesia, and passive insulation
was restricted to a single layer of surgical draping; intra-
venous fluids were not warmed.

When surgery was finished, isoflurane administration
was discontinued. Residual neuromuscular block was
not antagonized; however, supramaximal train-of-four
stimulation of the ulnar nerve at the wrist confirmed
complete recovery of muscular strength in all cases.
Patients were transported to the postanesthetic care
unit and then extubated. During recovery, patients
were covered by a single blanket and were not actively
warmed. Postoperative pain was treated, when neces-
sary, by intravenous administration of proparacetamol
2 2.

Measurements

Ambient temperature was measured by a thermocou-
ple positioned at the level of the patient, well away
from any heat-producing equipment. Core temperature
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was measured at the tympanic membrane. The aural
probe was inserted until the patients felt the thermo-
couple touch the tympanic membrane; appropriate
placement was confirmed when they easily detected a
gentle rubbing of the attached wire. The probe was
then securely taped in place, the aural canal was oc-
cluded with cotton, and the external ear was covered
with a gauze bandage.

Mean skin temperature was calculated from four sites
using the formula 0.3 * (Tepese + Taeroi) + 02 (W epion it
Teu). > Fingertip blood flow was evaluated using fore-
arm — fingertip skin-surface temperature gradients.**
Gradients exceeding 0°C were considered to indicate
vasoconstriction. All temperatures were measured us-
ing Ellab thermometers and probes (Copenhagen, Den-
mark); they were recorded at 10-min intervals during
surgery and every 5 min after operation.

Shivering was evaluated using oxygen consumption,
as measured by a DeltaTrac metabolic monitor (Datex,
Helsinki, Finland). Measurements began within 5 min
of tracheal extubation. The system was used in canopy
mode, and measurements were averaged over 1-min
intervals and recorded every minute. (In this mode, 40 1/
min is aspirated by the metabolic monitor from a plastic
canopy surrounding the patient’s head and upper
chest). Both the absence of visible shivering and a 20%
decrease in oxygen consumption, lasting at least 5 min,
was considered a significant reduction in shivering in-
tensity. The time at which shivering intensity decreased
significantly was determined by an investigator blinded
to the patients’ core temperatures and drug and dose
assignments.

Venous blood was sampled when patients arrived in
the postanesthetic care unit and when a significant re-
duction in shivering intensity was identified. Samples
were taken from the arm contralateral to the one in
which opioids were being infused. Sufentanil plasma
concentrations were determined using a radioimmuno-
assay slightly modified to improve the limits of quantifi-
cation to 0.02 ng/ml.*> An assay volume of 1 ml, pre-
viously adjusted to pH 10, was extracted on an Extrelut
3 column, with heptane-isoamyl alcohol (98.5:1.5) as
the elution solvent. The solvent was evaporated to dry-
ness, and the extract was dissolved in a small volume
of distilled water containing 10% blank plasma. All or
a fraction of this solution was evaluated by radioimmu-
noassay. Interassay precision and accuracy based on the
measurement of quality-control samples were 10% and
108%, respectively. Meperidine plasma concentrations
were determined using high-performance liquid chro-
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matography.“® Interassay precision and accuracy, based
on the measurement of quality control samples, were
4% and 98%, respectively.

Heart rates were monitored continuously using three-
lead electrocardiography. Blood pressures were deter-
mined at 5-min intervals during surgery and at 10-min
intervals after operation. End-tidal carbon dioxide and
isoflurane concentrations were quantified using an Cato
gas analyzer (Driger, Hamburg, Germany).

Data Analysis

The cutaneous contribution to shivering is linear.””
Thus we used measured skin and core temperatures,
measured in degrees centigrade, to calculate the core-
temperature threshold that would have been observed

had skin been maintained at a single designated temper-
ature:

Tulrc(cukululed)

B
= T(Lr)rt I (m [T,\km 7 T,\km(drﬂgn.nlcd)]v (1)

where the fractional contribution of the mean skin tem-
perature to the threshold was termed S. Tcoreccacutated
thus equals the measured core temperature, Tc,.., plus
a small correction factor consisting of S/(1 — [)
multiplied by the difference between actual (T,,,) and
designated [Tincdesignareay] SKin temperatures. We pre-
viously described the derivation, validation, and limita-
tions of this equation.”® We used a /3 factor of 0.2 for
shivering.”” The shivering threshold (at a designated
mean skin temperature of 34°C) was calculated from
measured core and mean skin temperatures when shiv-
ering intensity decreased significantly. The shivering
threshold was thus the corrected core temperature
when shivering stopped.

Demographic and morphometric characteristics of
the volunteers and their anesthetic management, hemo-
dynamic responses, and thermoregulatory responses
were compared using unpaired, two-tailed 7 tests. Previ-
ous studies have shown that opioids linearly decrease
the shivering threshold."” Consequently, the concentra-
tion dependence of the shivering threshold for meperi-
dine and sufentanil was determined using linear regres-
sion. The ratio of the regression slopes indicated the
relative efficacy of each opioid in blocking postopera-
tive shivering.
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Table 1. Morphometric and Demographic Characteristics

Meperidine Sufentanil
Male/female 10/5 10/5
Age (yr) 28507 28 =+ 6
Height (cm) 1768 2= 17 174 + 8
Weight (kg) 74 + 14 68 = 10

Data are mean + SD. There were no statistically significant differences be-
tween the patients given meperidine and sufentanil.

Results

Morphometric and demographic characteristics of the
patients given meperidine and sufentanil were similar
(table 1). The duration of surgery, anesthetic manage-
ment, and intraoperative hemodynamic responses also
were similar in the two groups. Only 4 of 15 patients
given meperidine and 3 of 15 given sufentanil required
proparacetamol treatment for postoperative pain.

Core temperatures were typically near 34°C at the
end of surgery. All patients shivered, and all were vaso-
constricted (skin-temperature gradient >0°C) during
shivering. Hemodynamic responses, expired gas con-
centrations, and mean skin temperatures were compara-
ble at the shivering threshold in the patients given each
opioid (table 2).

Individual plasma opioid concentrations were similar
immediately after surgery and at the shivering thresh-
old, differing by 0.01 = 0.16 pg/ml in the patients given
meperidine and by 0.01 £ 0.03 ng/ml in those given
sufentanil. Individual plasma opioid concentrations at
the shivering threshold were similar to the target con-
centrations, differing by 0.05 = 0.08 pg/ml in the pa-
tients given meperidine and by 0.00 + 0.02 ng/ml in
those given sufentanil.

Meperidine linearly decreased the shivering thresh-
old: Threshold (°C) = —2.8- [meperidine (ug/ml)] +
36.2; I = 0.64, P = 0.0005. Sufentanil also linearly
decreased the shivering threshold: Threshold (°C) =
—7.8 - [sufentanil (ng/ml)] + 36.9; r* = 0.46, P = 0.02.
Sufentanil thus inhibited shivering approximately 2,800
times as well as meperidine did (fig. 1).

Discussion

Both core and skin temperatures contribute to ther-
moregulatory control.””*” This is of little consequence
for thermoregulatory investigations in animals because
core temperature can be manipulated independently by
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implanted devices. The issue is somewhat more prob-
lematic in humans though because it is rarely practical
to implant suitable heat exchangers. Nonetheless, vari-
ous human models have been developed to determine
the effects of drugs on thermoregulatory response
thresholds. For example, core temperature can be re-
duced while skin temperature is maintained by water
immersion,’ skin temperature manipulations can be re-
stricted to insensate limbs during regional anesthesia,'
the core can be cooled in isolation by central-venous
infusion of fluid,** or skin and core temperatures can
be allowed to vary with subsequent arithmetic compen-
sation for the changes in each.” Each of these models
has been used with some success in volunteers.

The postoperative period, however, presents addi-
tional challenges for thermoregulatory investigations.
Skin and core temperatures, for example, differ among
patients and often change rapidly during the initial
phase of recovery. In addition, most patients are given

Table 2. Environmental, Hemodynamic, Respiratory, and
Thermoregulatory Data

Meperidine Sufentanil

Preoperative core temperature

(°C) 36.6 + 0.3 SEE=-102
Duration of surgery (h) 20059 20) == (077
Intraoperative end-tidal Pco,

(mmHg) 34 +2 3353
Intraoperative end-tidal

[isoflurane] (%) 018 == (012 0] 2= (012
Intraoperative mean arterial blood

pressure (mmHg) 76 £ 8 (& == 11l
Intraoperative heart rate (bpm) 67 + 11 63 +
Administered intraoperative fluid

(L/h) 013} == (072 017 == (08!
Final intraoperative core

temperature (°C) 34181015 34152015
End-tidal [isoflurane] at

extubation (%) 0.18 + 0.06 0.14 + 0.06
Postoperative ambient

temperature (°C) 20.8 = 0.9 20.8 = 0.8
Time to shivering threshold (h) 1/c(0) 2= (015 7140) 2= (0172
Skin temperature gradient at

threshold (°C) Sl 28 91{0) G ae 9.2
Mean arterial blood pressure at

threshold (mmHg) 94 + 8 1028 =417
Heart rate at threshold (bpm) 7A0) 2= 1/(0) 86 + 24
Mean skin temperature at

threshold (°C) 82:67 =81k 381110

Threshold = cessation of shivering.

Data are means + SD. Only heart rate at the shivering threshold differed
significantly in the two treatment groups.

———T
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Fig. 1. Meperidine linearly decreased the shivering threshold:
Threshold (°C) = 2.8 [meperidine (ug/ml)] + 36.2; r* = 0.64.
Sufentanil also linearly decreased the shivering threshold:
Threshold (°C) = —7.8:[sufentanil (ng/ml)] + 36.9; r* = 0.46.
Sufentanil thus inhibited shivering 2,800 times as well as me-
peridine did. The regression slopes are indicated by straight

lines; the curved lines show the 95% CIs for the mean thresh-
old.

many drugs during operation, the concentrations of
which typically decrease rapidly during recovery. These
reductions in anesthetic concentrations are often fur-
ther complicated by the postoperative treatment of sur-
gical pain with opioids. Because anesthetics,* opi-
oids,"* and many anesthetic adjuvants®®** possess sub-
stantial thermoregulatory effects, it is often difficult to
interpret observed postoperative thermoregulatory re-
sponse patterns.

The method used in our investigation circumvents
some of the design limitations common in previous
studies. There are several important features. (1) We
used only a single opioid in each patient and adminis-
tered the drug by infusion to maintain steady-state
plasma concentrations. Samples obtained at the shiv-
ering threshold were thus likely to reflect effect-site
concentrations. (2) We applied arithmetic compensa-
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tion for skin temperature alterations using the estab-
lished relative contributions of skin and core tempera-
tures to thermoregulatory control.”” This compensation
is necessary because higher drug doses are associated
with lower thresholds and therefore lower skin temper-
atures. (3) Patients were not premedicated, and the only
other intravenous drug likely to alter thermoregulatory
responses (propofol) was restricted to anesthetic induc-
tion and must have been mostly metabolized by the time
of recovery. Similarly, nitrous oxide surely dissipated
rapidly after anesthesia. Some isoflurane inevitably re-
mained during the postanesthetic period. End-tidal con-
centrations of anesthetic were already relatively low
(<0.2%) at the time of tracheal extubation, and surely
they were considerably lower at the shivering threshold
~1 h after tracheal extubation.

The gain of shivering (incremental intensity increase
with core cooling beyond the threshold) and its maxi-
mum intensity remain normal during meperidine and
alfentanil administration.”” Consequently, inhibition of
shivering by opioids is mediated by a reduction in the
shivering threshold. Both meperidine and sufentanil lin-
early inhibited shivering. Meperidine decreased the
shivering threshold by about one half as much as pre-
viously reported in volunteers," possibly because
isoflurane per se facilitates shivering-like muscular activ-
ity." It is also likely that surgical pain facilitates shivering
in patients after operation.'""!

At a given dose, sufentanil inhibited shivering 2,800
times better than did meperidine. However, the equia-
nalgesic ratio of these drugs is approximately 4,900.%
That is, meperidine inhibited shivering better than
would be expected based on the equianalgesic potency
ratio. These data are thus consistent with clinical obser-
vations suggesting that meperidine possesses special
antishivering activity.'*"? They also are consistent with
volunteer studies showing that meperidine inhibits shiv-
ering nearly twice as much as equianalgesic concentra-
tions of alfentanil."? Available data thus suggest that
meperidine is more effective than equianalgesic con-
centrations of pure p-receptor agonists, and that its ef-
ficacy is mediated by a disproportionate reduction in
the shivering threshold.

The authors thank Patrick Assoune, M.D. (Janssen-Cilag Labora-

tories) and Elisabeth Le Bail, R.N., and Anne Le Hellaye, R.N.
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