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Meperidine and Alfentanil Do Not Reduce the Gain

or Maximum Intensity of Shivering
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Background: Thermoregulatory shivering can be character-
ized by its threshold (triggering core temperature), gain (incre-
mental intensity increase with further core temperature devia-
tion), and maximum intensity. Meperidine (a combined u- and
K-agonist) treats shivering better than equianalgesic doses of
pure p-opioid agonists. Meperidine’s special antishivering ac-
tion is mediated, at least in part, by a disproportionate de-
crease in the shivering threshold. That is, meperidine de-
creases the shivering threshold twice as much as the vasocon-
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striction threshold, whereas alfentanil (a pure p-agonist)
decreases the vasoconstriction and shivering thresholds com-
parably. However, reductions in the gain or maximum shiv-
ering intensity might also contribute to the clinical efficacy of
meperidine. Accordingly, we tested the hypothesis that meper-
idine reduces the gain and maximum intensity of shivering
much more than alfentanil does.

Methods: Ten volunteers were each studied on three sepa-
rate days: (1) control (no drug); (2) a target total plasma me-
peridine concentration of 1.2 ug/ml; and (3) a target plasma
alfentanil concentration of 0.2 ug/ml. Skin temperatures were
maintained near 31°C, and core temperatures were decreased
by central-venous infusion of cold lactated Ringer’s solution
until maximum shivering intensity was observed. Shivering
was evaluated using oxygen consumption and electromyogra-
phy. A sustained increase in oxygen consumption identified
the shivering threshold. The gain of shivering was calculated
as the slope of the oxygen consumption versus core tempera-
ture regression, and as the slope of electromyographic inten-
sity versus core temperature regression.

Results: Meperidine and alfentanil administration signifi-
cantly decreased the shivering thresholds. However, neither
meperidine nor alfentanil reduced the gain of shivering, as
determined by either oxygen consumption or electromyogra-
phy. Opioid administration also failed to significantly decrease
the maximum intensity of shivering.

Conclusions: The authors could not confirm the hypothesis
that meperidine reduces the gain or maximum intensity of
shivering more than alfentanil does. These results suggest that
meperidine’s special antishivering effect is primarily mediated
by a disproportionate reduction in the shivering threshold.
(Key words: Anesthesia; hypothermia; normeperidine; pethi-
dine; thermoregulation; temperature.

MAJOR autonomic cold defenses include arteriovenous
shunt vasoconstriction and shivering. These defenses
can be characterized by their thresholds (triggering
core temperature), gains (incremental intensity increase
with further core temperature deviation), and maxi-
mum intensities." Volatile*® and intravenous anesthe-
tics* and p-opioid agonists’ all produce concentration-
dependent decreases in the shivering threshold. Meperi-
dine (pethidine), however, has proved a far more effec-
tive treatment for shivering than equianalgesic doses of
p-opioid agonists.”” This special antishivering activity
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Fig. 1. A cartoon showing the three major components of shiv-
ering: threshold (triggering core temperature), gain (incre-
mental intensity increase with further core temperature devia-
tion), and maximum intensity. The normal case is illustrated
with a solid line. Antishivering drugs, such as meperidine or
clonidine, may reduce muscular activity by decreasing any or
all aspects of the shivering response. In this illustration, we
consider the case of a drug that decreases the threshold, gain,
and maximum shivering intensity (dashed line). The effect of
drug administration on shivering intensity depends on the
volunteer’s core temperature. Shivering will be obliterated
when the drug reduces the threshold to less than body temper-
ature (4). Shivering intensity, however, will be substantially
reduced when body temperature remains less than the new
shivering threshold but low gain restricts the amount of mus-
cular activity (B). Finally, shivering will also be reduced even
at very low body temperatures because maximum intensity is
restricted (C). In a routine clinical trial, it would be difficult
to determine which mechanism(s) contributed to a drug’s anti-
shivering action.

may result from meperidine’s K-receptor activation,® al-
though the drug possesses a host of nonopioid activities
that may also contribute.”~ "

At a given level of residual anesthesia and body tem-
perature, meperidine (or any other treatment) poten-
tially decreases muscular activity by reducing the
threshold, gain, or maximum shivering intensity. What
happens when all three are reduced? In this case, three
different mechanisms can contribute to a clinically ob-
served reduction in shivering intensity. Shivering will
be obliterated when meperidine reduces the threshold
to less than body temperature. Shivering intensity, how-
ever, will be substantially reduced (although not elimi-
nated) if body temperature remains less than the new
shivering threshold, but low gain restricts the amount of
muscular activity. Finally, shivering will also be reduced
even at very low body temperatures if the maximum
intensity is restricted. These three possibilities are
shown in figure 1. In a typical clinical study, it would be
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nearly impossible to distinguish among these potential
mechanisms because each would elimin
tially reduce shivering in many patients.

Research has already established that meperidine’s
special antishivering action is manifested in part by a
disproportionate decrease in the shivering threshold."
Specifically, meperidine decreases the shivering thresh-
old twice as much as €quianalgesic concentrations of
alfentanil do.”'" Eve

ate or substan-

n this reduction, however, seems
unlikely to be the sole explanation for the markedly
greater clinical efficacy of meperidine in treating post-
operative shivering. Thus meperidine may also inhibit
shivering by reducing the gain or maximum intensity
of shivering.

The effects of opioids on the gain and maximum inten-
sity of shivering remain unknown and would be difficult
to predict from previous studies because anesthetics
reduce the gain of some thermoregulatory responses'’
but leave the gain and maximum intensity of others
unchanged.'®"” Accordingly, we tested the hypothesis
that meperidine decreases the gain and maximum inten-
sity of shivering more than €quianalgesic concentra-
tions of the pure p-receptor agonist alfentanil do.

Normeperidine, the major metabolite of meperidine,
has a longer halflife than the parent drug. Normeperi-
dine thus inevitably accumulates even when a com-
puter-controlled infusion maintains constant plasma me-
peridine concentrations. Sufficient concentrations of
normeperidine can cause seizures and may be associ-
ated with muscular rigidity."*'” Accordingly, we con-
firmed that normeperidine accumulation during a pro-
longed meperidine infusion does not provoke rigidity
or other muscular activity that might increase oxygen
consumption, thereby confounding measurements of
shivering gain and maximum intensity.

Methods

With approval from the Committee on Human Re-
search at the University of California, San Francisco, and
informed consent, we studied 16 healthy men. None
was obese, was taking medication, or had a history of
thyroid disease, dysautonomia, or Raynaud’s syndrome.
To avoid circadian fluctuations, studies were scheduled
so that thermoregulatory responses were triggered at
similar times on each of the 3 days. The volunteers
fasted for 8 h before each study day and rested supine
on a standard operating room table. Ambient tempera-
ture was maintained near 22°C.
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Gain Protocol

Ten minimally clothed volunteers participated in
these studies. An intravenous catheter was inserted in
the left forearm for meperidine and alfentanil adminis-
tration. A 16-gauge catheter was inserted into the supe-
rior vena cava via the right internal jugular vein for
cold fluid infusion and blood sampling.

Meperidine and alfentanil were administered using
a computer-controlled syringe pump (Ohmeda model
9000, Steeton, UK). The infusion profile was based on
a modification of the method of Kruger-Thiemer*” and
published data.”' The pump was adjusted to provide
target total meperidine or alfentanil plasma concentra-
tions of 1.2 pg/ml or 0.2 ug/ml, respectively. Meperi-
dine or alfentanil, randomly assigned, was given on the
first or third study days. The second study day served
as a control (no drug infusion). To minimize the effects
of opioid tolerance,* at least 2 weeks were allowed
between the first and third study days.

Throughout the 3 study days, mean skin temperature
was kept constant near 31°C using a forced-air cover
(Augustine Medical, Eden Prairie, MN) and circulating-
water mattress (Cincinnati Sub-Zero Products, Cincin-
nati, OH). Core cooling started 45 min after meperidine
or alfentanil administration on the drug days or after 15
min of baseline measurements on the control day. The
core was cooled by central-venous administration of
lactated Ringer’s solution at ~3°C. The cooling rate was
restricted to =2°C/h, because such rates are unlikely to
trigger dynamic thermoregulatory responses.”* Cooling
ceased when shivering intensity no longer increased,
despite a continued decrease in core temperature.

Normeperidine Protocol

Six men participated in these studies. An intravenous
catheter was inserted in the left forearm for fluid and
meperidine administration. A 14-gauge catheter was in-
serted in a right antecubital vein and used for blood
sampling. After baseline measurements for 1 h, meperi-
dine was administered using the system described be-
fore to a target meperidine blood concentrations of 1.2
pg/ml.

Measurements

Heart rate was measured continuously using pulse
oximetry, and blood pressure was determined oscillo-
metrically at 5-min intervals at the left ankle. Expiratory
carbon dioxide concentrations were measured using
an Ultima monitor (Datex, Helsinki, Finland) from a
catheter inserted into one nostril; exhaust gas from this
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monitor was returned to a DeltaTrac oxygen consump-
tion monitor (SensorMedics Corp., Yorba Linda, CA).

Core temperature was recorded from the tympanic
membrane as previously described, and mean skin-sur-
face temperature was calculated from measurements at
15 area-weighted sites.”* Temperatures were recorded
at 1-min intervals from thermocouples connected to
calibrated Iso-Thermex thermometers having an accu-
racy of 0.1°C and a precision of 0.01°C (Columbus In-
struments, Columbus, OH). Shivering was quantified by
systemic oxygen consumption and electromyography
as previously described.”

In the gain protocol, venous blood to measure meperi-
dine and normeperidine, or alfentanil, was sampled be-
fore and 40 min after drug administration, at the begin-
ning of shivering, and when maximum shivering was
observed. In the normeperidine protocol, plasma con-
centrations of meperidine and normeperidine were
measured every hour after starting meperidine adminis-
tration. To determine the unbound opioid concentra-
tions, 1 ml fresh plasma from each blood sample was
centrifuged using the Micro-partition System MPS-1
with YM-T membrane (Amicon, Inc., Beverly, MA) for
30 min. The ultrafiltrate and the plasma samples were
stored at —20°C until drug concentrations were deter-
mined using high-performance liquid chromatography,
as previously described.>"*

Pupil diameter and light-reflex amplitude correlate
well with the opioid effect.”® Consequently, pupillary
responses were used to evaluate pharmacodynamic ef-
fects of meperidine and alfentanil. A portable infrared
pupillometer (Fairville Medical Optics, Amersham,
Buckinghamshire, UK) was used to measure the pupil-
lary response.”” The pupillometer was programmed to
provide a 0.5-s-long, 130 candela/m” pulse of green light
and to scan the pupil at a rate of 10 Hz for 2 s from
the beginning of the light stimulus. Pupillary diameter
and light reflex amplitude from the right eye were mea-
sured twice in succession, before and 40 min after drug
administration, and when maximum shivering was ob-
served. Ambient light was maintained near 150 lux, and
the left eye was kept covered during the measurements.

Data Analysis

Gain Protocol. A sustained increase in oxygen con-
sumption identified the shivering threshold. Maximum
intensity of shivering was identified by an oxygen con-
sumption that failed to increase further despite contin-
ued reduction in core temperature. The gain of shiv-
ering was determined by the slope of oxygen consump-
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Table 1. Morphometric and Demographic Characteristics

Gain Normeperidine
Age (yr) 281216 295585
Weight (kg) 78 =17 BE==512
Height (cm) iie==8 184 + 6

Data are mean + SD. There were no statistically significant differences be-
tween the groups.

tion versus core temperature regression. The gain of
shivering was also determined by the slope of the inte-
grated electromyographic intensity versus core temper-
ature regression. The shivering threshold, gains, and
maximum intensity were determined by an investigator
blinded to treatment and core temperature.

Hemodynamic responses, ambient temperature, rela-
tive humidity, and the end-tidal carbon dioxide pressure
on each study day were first averaged within each vol-
unteer; the resulting values were then averaged among
volunteers. Results for the three study days were com-
pared using repeated-measures analysis of variance and
Scheffé’s F test. The gains of shivering as determined
by oxygen consumption and electromyography were
nonparametrically distributed and thus compared using
the Friedman test. Pupillary responses during meperi-
dine and alfentanil administration were compared using
two-tailed, paired 7 tests. Results are presented as means
* SDs; probability values <0.01 were considered sig-
nificant.

Normeperidine Protocol. Oxygen consumption
data for each 1 h were first averaged for each volunteer:
the resulting values were then averaged among volun-
teers. Results were compared using repeated-measures
analysis of variance and Dunnett’s test. Results are pre-
sented as means = SD; probability values <0.01 were
considered significant.

Results

Morphometric and demographic characteristics of the
volunteers in each protocol were similar (table 1).

Gain Protocol

Volunteers typically were mildly sedated when meperi-
dine or alfentanil was administered. Total plasma meperi-
dine and alfentanil concentrations were held essentially
constant during the study. In contrast, normeperidine
concentrations increased from 0.03 = 0.02 pg/ml (at the
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beginning of cold infusion) to 0.16 + 0.05 pg/ml (at
maximum shivering) during meperidine administration.
Unbound fractions of meperidine and alfentanil were
~41 and ~8%, respectively. None of the volunteers re-
quired mechanical ventilatory assistance. However, most
required verbal reminders to breathe during meperidine
or alfentanil administration.

Pupil size and absolute reflex amplitude, and reflex
amplitude expressed as a percentage of pupil size de-
creased significantly during meperidine and alfentanil
administration; however, the values were similar during
meperidine and alfentanil administration and remained
virtually constant during shivering (table 2).

Ambient temperature, relative humidity, heart rate,
blood pressure, and mean skin temperature were com-
parable on each of the study days. End-tidal carbon
dioxide pressure was slightly but significantly higher
during opioid administration than on the control day.
Similarly, significantly more lactated Ringer’s solution
was required when meperidine or alfentanil were ad-
ministered than on the control day.

Shivering thresholds during meperidine and alfentanil
administration were significantly less than that on the
control day. Meperidine decreased the shivering thresh-
old 0.4°C more than alfentanil administration, although

Table 2. Total Plasma Meperidine and Alfentanil
Concentrations, and Pupillary Responses

Meperidine Alfentanil
Concentration before shivering
(pg/ml) 1E20E:1052 0.20 = 0.04
Concentration at the beginning
of shivering (ug/ml) 151002 0.19 + 0.03
Concentration at maximum
shivering (ug/ml) 12 iz (0)72 0.20 = 0.08
Preinfusion
Pupil diameter (mm) 5:2::10'8 925109
Reflex amplitude (mm) 7e-=l0:5 1.8 =04
Reflex amplitude (%) Slelas 7 34 £ 7
Before shivering
Pupil diameter (mm) 2.6/==1015" 2.6 + 0.8
Reflex amplitude (mm) 047 22 (012 06+ @:2*
Reflex amplitude (%) 27168 22 L 5¢
During shivering
Pupil diameter (mm) 255035 2:83E1015¢
Reflex amplitude (mm) 0.6 = 0.2* 04 = 0.1*
Reflex amplitude (%) 268-16% i18i=1*

Data are mean + SD.

* Statistically significant differences from preinfusion values; none of the dif-
ferences between meperidine and alfentanil was statistically significant.
Plasma concentrations did not differ significantly over time.
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Fig. 2. Individual gains of shivering (open circles), as deter-
mined by the slope of oxygen consumption versus core tem-
perature regressions, on the control, meperidine, and alfen-
tanil study days. Means are shown as filled squares, along with
the associated standard deviations. There were no statistical
differences among groups.

the difference was not statistically significant. The gains
of shivering, as determined by oxygen consumption
(fig. 2) and electromyography (fig. 3), were virtually
identical on each day. The maximum shivering intensity
was also similar with each opioid (table 3).

Normeperidine Protocol

None of the volunteers required mechanical ventila-
tory assistance, but most required verbal reminders to
breathe during meperidine administration. Total plasma
meperidine concentrations were essentially constant
during the study (1.2 + 0.1 pg/ml). In contrast, norme-
peridine concentrations increased significantly from
0.04 = 0.01 pg/ml 1 h after starting administration to
0.28 = 0.13 pg/ml 5 h after starting meperidine adminis-
tration. Unbound fractions of meperidine and norme-
peridine were 42% and 36%, respectively. No shivering
was observed clinically or electromyographically. Oxy-
gen consumption did not increase significantly during
the five study hours (fig. 4).

Discussion

The effects of volatile and intravenous anesthetics on
cold responses in humans are reasonably characterized.
Desflurane,’ isoflurane,” propofol,” clonidine,*® and al-

Anesthesiology, V 88, No 4, Apr 1998

fentanil” each reduce the vasoconstriction and shivering
thresholds comparably. These data suggest that the ma-
jor cold defenses are similarly integrated and generally
respond synchronously. The only apparent exception
to this rule is meperidine, which reduces the shivering
threshold nearly twice as much as the vasoconstriction
threshold."*

Our hypothesis was that meperidine’s special antishiv-
ering action might in part result from a reduction in
the gain or maximum intensity of this response. How-
ever, our data failed to support either supposition, be-
cause both were well preserved. This result is consis-
tent with those of the single other study evaluating the
gain of shivering during anesthesia: Passias et al'” found
that the gain of shivering was unchanged during admin-
istration of 30% nitrous oxide. We thus conclude that
meperidine’s special antishivering effect®” is mediated
by a disproportionate decrease in the shivering thresh-
old," rather than by a reduction in the gain or maximum
intensity.

In our previous studies, we concluded that approxi-
mately equianalgesic concentrations of alfentanil’ and
meperidine'" had been given in part because pupillary
size and reflex amplitude were comparable with each
drug. The alfentanil concentration was slightly less in
our present volunteers than in our previous investiga-
tion,” and the pupils were slightly larger. Both results

o
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Fig. 3. Individual gains of shivering (open circles), as deter-
mined by the slope of electromyographic intensity versus core
temperature regressions, on the control, meperidine, and al-
fentanil study days. Means are shown as filled squares, along
with the associated standard deviations. There were no statisti-
cal differences among groups.
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Table 3. Environmental, Hemodynamic, Respiratory, Fluid,

and Thermoregulatory Data

Control

Meperidine Alfentanil
Ambient temperature (°C) 22/3 5110 22:4:£ 10 2251807
Relative humidity (%) 42 + 8 SO 39 = 11
Mean arterial blood pressure (mmHg) 101 = 9 103 + 9 101 + 8
Heart rate (beats/min) (572 =5 7)(0) 68 + 11 62 + 16
End-tidal Pco, (mmHg) 861='3 42 + 4* 42 + 4*
Fluid volume (L) 2hsh az (0] 7/ A5/ 5123 46 = 1.6*
Mean skin temperature (°C) el oz ()2 30.9 + 0.1 31.0 = 0.1
Shivering threshold (°C) 36.5 + 0.4 34.8 + 1.0* 35.2 = 0.7
Gain of shivering (ml-min "-°C ") —490 + 182 496 + 300 564 + 721
Gain of shivering (intensity/°C) —0.85 + 0.83 1.06 + 0.68 0.56 + 0.68
Shivering maximum intensity (ml/min) =T i =87 197 =142

Data are mean + SD.
* Statistically significant difference from control.

suggest that the effective alfentanil concentration was
somewhat less in the present study than in our previous
one. The unbound meperidine concentration in our
present study was slightly higher than in our previous
study."* Pupillary size, however, was also larger. To the
extent that pupil size correlates with analgesic ac-

3001
200/
[ ]
VO,
(ml/min)
1001
0 T T T T T T |
il 0 il 2 3 4 5

Elapsed Time (h)

Fig. 4. Total plasma meperidine concentrations were essen-
tially constant (1.2 = 0.1 pug/ml) during a 5-h infusion, started
at elapsed time zero. In contrast, normeperidine concentra-
tions increased significantly from 0.04 + 0.01 ug/ml 1 h after
starting administration to 0.28 + 0.13 ug/ml 5 h after starting
meperidine administration. Oxygen consumption did not in-
crease significantly in these normothermic volunteers, indi-
cating that normeperidine per se does not induce muscle rigid-
ity or shivering.

Anesthesiology, V 88, No 4, Apr 1998

tion,***” it thus seems likely that our present volunteers
experienced considerably less meperidine effect than
did our previous ones, despite their having higher
plasma concentrations.

The shivering threshold during alfentanil administra-
tion was ~0.2°C less than in our previous study, after
compensation for differences in unbound plasma con-
centration and skin temperature.’*’ However, the shiv-
ering thresholds observed in our current volunteers
were ~0.8°C higher than those observed previously
in volunteers given meperidine."" This relatively high
shivering threshold during meperidine administration
also is consistent with our current volunteers experi-
encing less opioid effect than would be predicted based
on plasma concentration.

The shivering threshold in humans is slightly reduced
by inspiration of 4% carbon dioxide.’' The effect of
hypercapnea on the gain of shivering remains un-
known. The end-tidal carbon dioxide pressure in our
volunteers was significantly higher when meperidine
(42 = 4 mmHg) or alfentanil (42 + 4 mmHg) was admin-
istered than on the control day (36 + 3 mmHg). How-
ever, all these values were within the normal clinical
range and were thus unlikely to have influenced very
much the observed thermoregulatory responses.

Development of tolerance is both dose and time de-
pendent, but is similar to opioids of differing poten-
cies.” The time required for opioid-naive humans to
recover normal pharmacodynamic responses after sev-
eral hours of narcotic administration remains unclear.
However, it seems likely that the 2 weeks we allowed
between meperidine and alfentanil administration was
adequate.”? Acute tolerance can develop within hours
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in animals,”* but it remains unknown whether tolerance
develops equally rapidly in humans. We used pupillary
responses to evaluate opioid effect. As expected, pupil-
lary responses were markedly reduced by opioid admin-
istration.”® However, pupillary responses were compa-
rable at the two measurement points on each study
day. These results suggest that acute tolerance did not
decrease opioid effect for the hours required for the
test.

Bound and unbound normeperidine concentrations
increased throughout the infusion period. This is a natu-
ral consequence of the drug’s relatively slow metabo-
lism and occurs even when the meperidine concentra-
tion is kept constant by a computer-controlled infusion.
Normeperidine concentrations thus were significantly
greater at maximum shivering than at the beginning of
the cooling infusion, although the levels never ex-
ceeded 10% of the total plasma concentration of meperi-
dine. High concentrations of normeperidine can cause
seizures,'™"” but the drug probably has weak opioid
properties. Furthermore, pupillary responses were
comparable at the beginning and end of the drug infu-
sion, despite the progressive increase in the normeperi-
dine concentration. It therefore seems unlikely that nor-
meperidine has substantial thermoregulatory conse-
quences. Consistent with this theory, we failed to
observe clinical shivering or muscle rigidity, or any sig-
nificant increase in oxygen consumption during pro-
longed meperidine administration that increased
plasma normeperidine concentration to 0.28 + 0.13
pg/ml (23% of meperidine concentration). It is thus
unlikely that the gain of shivering, as determined in the
first protocol, was influenced by the inevitable accumu-
lation of normeperidine.

In conclusion, although meperidine and alfentanil ad-
ministration  significantly decreased the shivering
threshold, neither meperidine nor alfentanil reduced
the gain and the maximum intensity of shivering. These
results suggest that meperidine’s special antishivering
effect is primarily mediated by a disproportionately
large reduction in the shivering threshold.

The authors thank Charles Hackman, F.ANN.Z.CA., for program-
ming the computer-controlled infusion.
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