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Paralysis Only Slightly Reduces the Febrile Response

to Interleukin-2 during Isoflurane Anesthesia
Rainer Lenhardt, M.D.,* Chiharu Negishi, M.D.,t Daniel I. Sessler, M.D.,+ Makoto Ozaki, M.D.,§

Farzin Tayefeh, M.D.,t Andrea Kurz, M.D.||

Background: Fever sometimes occurs during anesthesia.
However, it is rare considering how often pyrogenic causes are
likely to be present and how common fever is after surgery.
This low incidence results in part from dose-dependent inhibi-
tion of fever by volatile anesthetics. Paralysis, however, may
contribute by preventing shivering and the associated increase
in metabolic heat production. Therefore the authors tested the
hypothesis that paralysis during anesthesia decreases the fe-
brile response to pyrogen administration.

Methods: Seven volunteers each participated on two study
days. They were given 30 IU/g intravenous interleukin-2, fol-
lowed 90 min later by an additional 70 IU/g dose. Anesthesia
was induced 30 min after the second dose and maintained for
6 h with 0.6 minimum alveolar concentration isoflurane. The
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volunteers were randomly assigned to (1) paralysis with vecu-
ronium or (2) no muscle relaxants. Body heat content and
distribution were determined from measured tissue and skin
temperatures. Data are presented as mean = SD; P < 0.05 was
considered significant.

Results: There was no clinically important difference in peak
core (tympanic membrane) temperatures on the unparalyzed
(37.6 £ 0.9°C) and paralyzed (37.2 = 0.6°C) days. Core heat
content increased 1.2 = 0.7 kcal/kg over the last 5 h of anes-
thesia on the unparalyzed day, but only by 0.9 * 0.4 kcal/kg
when the volunteers were paralyzed. Peripheral tissue heat
content increased 0.1 = 1.1 kcal/kg on the unparalyzed day but
decreased 1.1 = 0.7 kcal/kg when the volunteers were para-
lyzed. Consequently, body heat content increased 1.3 * 1.3
kcal/kg on the unparalyzed day but decreased significantly by
0.2 = 0.8 kcal/kg when the volunteers were paralyzed.

Conclusions: Paralysis prevented shivering from increasing
the metabolic rate. Consequently, body heat content decreased
during paralysis, whereas otherwise it increased. Thermoregu-
latory vasoconstriction was nonetheless able to maintain simi-
lar peak and integrated core temperatures on each study day.
Administration of muscle relaxants thus is not the primary
explanation for the relative paucity of intraoperative fever.
(Key words: Fever; hyperthermia; muscle relaxant; pyrogen;
temperature; thermoregulation.)

UNLIKE normal thermoregulatory control, which is
largely neuronally mediated,"* fever is activated by cir-
culating pyrogens. The major pyrogenic cytokines ap-
pear to be interleukin-1 (IL-1), IL-6, tumor necrosis factor
(TNF), and interferon ulplm:’"" Other factors also con-
tribute.”

The mechanisms by which pyrogens activate hypotha-
lamic control centers remain controversial,®? but there
is considerable evidence that vagal afferents are in-
volved.'” Fever synchronously augments thermoregula-
tory response thresholds, which can be considered an
increase in the “set point” (the target body temperature).
Core temperature elevation then results from activation
of cold defenses, including vasoconstriction and shiver-
o g.ll

Intraoperative fever is relatively rare considering how
often pyrogenic causes are likely to be present during
surgery and how common fever is after operation. One
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factor that surely contributes to the low incidence of
intraoperative fever is direct, presumably central, inhibi-
tion of the febrile response by volatile anesthesia.'? In-
traoperative fever may also be rare because many surgi-
cal patients are given muscle relaxants. Paralysis, of
course, prevents shivering and the associated increase in
metabolic heat production, leaving the development of
fever entirely dependent on thermoregulatory vasocon-
striction. Alteration in vasomotor tone is one of the
primary factors that influence perioperative core tem-
perature.'*”'> However, the extent to which vasocon-
striction alone can sustain fever during anesthesia re-
mains unknown.

Accordingly, we tested the hypothesis that neuromus-
cular block during anesthesia decreases the febrile re-
sponse to pyrogen administration. To independently
evaluate the contributions of shivering and vasoconstric-
tion to fever, we simultaneously measured body heat
content and the regional distribution of tissue heat. Fi-
nally, we measured plasma cytokine concentrations to
further refine our human volunteer fever model.'?

Methods

With approval from the Committee on Human Re-
search at the University of California, San Francisco, and
informed consent, we studied seven healthy male volun-
teers, each on two separate days. None was obese, was
taking medication, or had a history of thyroid disease,
dysautonomia, or Raynaud’s syndrome. The volunteers’
demographic and morphometric characteristics in-
cluded age, 28 * 3 yr; height, 174 * 5 cm; weight, 78 =
9 kg; and body fat, 19 = 2% (all mean * SD).

Each participated on two study days, and at least 7 days
were allowed between the study days in each volunteer.
To avoid circadian fluctuations, studies were scheduled
at the same time each day. The volunteers fasted for 8 h
before each study day and rested supine on a standard
operating room table. During the studies, they were
minimally clothed, and ambient temperature was main-
tained near 21.5°C. Unless otherwise specified, all data
were recorded at 5-min intervals.

Protocol

A catheter was inserted in a left forearm vein for fluid
administration. Similarly, an arterial catheter was in-
serted into the left radial artery for hourly blood sam-
pling. Lactated Ringer’s solution warmed to 37°C was
infused at ~300 ml/h (Microwave Medical Systems Inc.,
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Acton, MA). On each day, fever was induced by intrave-
nous injection of 30 [U/g human recombinant interleu-
kin-2 (IL-2; at elapsed time zero), followed 90 min later
by 70 1U/g of the drug (Chiron, Inc., Berkeley, CA); this
dose and timing was adapted from our previous fever
study.'?

Between the first and second elapsed hours, the vol-
unteers were prewarmed'®'” with a forced-air heater
(Augustine Medical Inc., Eden Prairie, MN) at a high
setting. Anesthesia was subsequently induced with intra-
venous propofol (=5 mg/kg), and the volunteers’ tra-
cheas were intubated without administration of muscle
relaxants. Volunteers were then randomly assigned to
(1) no muscle relaxation or (2) paralysis with vecuro-
nium bromide sufficient to maintain zero twitches in
response to supermaximal electrical stimulation of the
ulnar nerve at the wrist. In practice, this consisted of a
loading dose of 0.1 mg/kg, followed by an infusion of 0.1
mg - kg ' - h™'. Anesthesia was maintained for 6 h with
isoflurane at an end-tidal concentration of 0.6% mini-
mum alveolar concentration in 30% oxygen. A Foley
catheter was inserted to prevent bladder distention.

On the unparalyzed study day, the volunteers breathed
spontaneously, but ventilation was assisted when neces-
sary to maintain end-tidal carbon dioxide pressure near
45 mmHg. On the vecuronium day, the mechanical ven-
tilation was adjusted to maintain the end-tidal carbon
dioxide pressure near 45 mmHg. Paralysis was antago-
nized at the end of the study period with 0.035 mg/kg
neostigmate and 0.005 mg/kg glycopyrrolate. Anesthesia
was discontinued, and the volunteers’ tracheas were
extubated.

Anestbetic Data and Core Temperatures

End-tidal isoflurane and carbon dioxide concentrations
were monitored using a Capnomac Ultima (Datex Med-
ical Instruments, Tewksbury, MA). Blood pressures were
determined oscillometrically at 5-min intervals at the left
ankle. Arterial oxygen saturation and heart rates were
measured using monitors incorporated into an Ohmeda
Modulus CD anesthesia machine (Ohmeda Inc., Salt Lake
City, UT).

Core temperature was recorded from the tympanic
membrane using Mon-a-Therm thermocouples
(Mallinckrodt Anesthesiology Products, Inc., St. Louis,
MO). The aural probes were inserted by volunteers
until they felt the thermocouple touch the tympanic
membrane; appropriate placement was confirmed
when volunteers easily detected a gentle rubbing of
the attached wire. The aural canal was occluded with
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cotton, the probe taped securely in place, and a gauze
bandage positioned over the external ear. Fingertip
vasoconstriction was evaluated using forearm-minus-
fingertip skin temperature gradients. '8 Values exceed-
ing 0°C were considered evidence of arteriovenous
shunt vasoconstriction.

Heat Balance and Tissue Heat Content

Energy expenditure, derived from oxygen consump-
tion and carbon dioxide production, was measured us-
ing a metabolic monitor (Deltatrac, SensorMedics Corp.,
Yorba Linda, CA).'”?° Measurements were averaged
over 5-min intervals and recorded every 5 min. Area-
weighted heat flux from 15 skin-surface sites was mea-
sured using thermal flux transducers (Concept Engineer-
ing, OId Saybrook, CT)."* As in previous studies,
measured cutaneous heat loss was augmented by 10% to
account for insensible transcutaneous evaporative loss”'
and by 3% to compensate for the skin covered by the
volunteers’ shorts. We further augmented cutaneous loss
by 5% of the metabolic rate (as determined from oxygen
consumption) to account for respiratory loss.*> We de-
fined flux as positive when heat traversed skin to the
environment.

Arm and leg (peripheral compartment) heat content
was determined as previously described.'® Briefly, the
length of the thigh (groin to mid-patella) and lower leg
(mid-patella to ankle) were measured in centimeters.
Circumference was measured at the mid-upper thigh,
mid-lower thigh, mid-upper calf, and mid-lower calf. At
each circumference, right leg muscle temperatures were
recorded using 8-, 18-, and 38-mm-long, 21-gauge needle
thermocouples (Mallinckrodt Anesthesiology Products)
inserted perpendicular to the skin surface. The lengths
of the right arm (axilla to elbow) and forearm (elbow to
wrist) were measured in centimeters. The circumfer-
ence was measured at the mid-point of each segment. As
in the right leg, 8-, 18-, and 38-mm-long needle thermo-
couples were inserted into each segment. Needle ther-
mocouples were inserted shortly after anesthesia was
induced. Skin-surface temperatures were recorded im-
mediately adjacent to each set of needles.

All thermocouples were connected to calibrated Iso-
Thermex thermometers having an accuracy of 0.1°C and
a precision of 0.01°C (Columbus Instruments, Corp.,
Columbus, OH) or to Mon-a-Therm 6510 two-channel
thermometers (Mallinckrodt Anesthesiology Products).
Subcutaneous temperature was measured on the ball of
the foot and palm of the hand using a Coretemp
(Terumo Medical Corp., Tokyo, Japan) “deep tissue”
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thermometer.>® This device estimates tissue temperature
~1 c¢m below the skin surface.

The leg was divided into five segments: upper thigh,
lower thigh, upper calf, lower calf, and foot. Each thigh
and calf segment was further divided into an anterior and
posterior section, with one third of the estimated mass
considered to be posterior. Anterior segment tissue tem-
peratures, as a function of the radial distance from the
center of the leg segment, were calculated using skin-
surface and muscle temperatures using fourth-order re-
gressions. Temperature at the center of the thigh was set
to core temperature. In contrast, temperature at the
center of the lower leg segments was estimated from the
regression equation with no similar assumption. The
anterior limb heat content was estimated from these
temperatures, as previously described.**

“Deep temperature,” measured on the ball of the foot,
was assumed to represent the entire foot. Foot heat
content thus was calculated by multiplying foot temper-
ature by the mass of the foot and the specific heat of
muscle. Average temperatures of the thigh and lower leg
(calf and foot) were calculated by weighting values from
cach of the nine segments in proportion to their esti-
mated masses. Similarly, “deep temperature” measured
on the palm was assumed to represent the entire hand
and arm heat content was considered the weighted sum
of the three arm segments. The right and left extremities
were treated comparably throughout this study, so we
assumed that average tissue temperatures on each side of
the body were similar.

Changes in trunk and head heat content were modeled
simply by multiplying the weight of the trunk and head
by the change in core temperature and the average
specific heat of human tissues. Trunk and head weight
were estimated by subtracting the calculated weight of
the extremities (from the radial integration) from the
total weight of each volunteer.

Cytokines

Arterial blood was sampled for cytokine analysis at
hourly intervals on the unparalyzed day. The samples
were centrifuged at 300g for 20 min, and the plasma was
separated and stored at —30°C until the assay. The fol-
lowing cytokines were evaluated: IL-2, IL-6, TNFa, and
IL-10.

The biological activity of IL-2 was determined by an
immunoenzomatic assay (IL-2 EASIA, Biosource Europe
S.A., Fleurus, Belgium). Plasma IL-6 concentrations were
measured by an enzyme-linked immunosorbent assay
(Human Interleukin-6 ELISA Kit, Toray Industries, Tokyo,
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Japan). The TNFa concentrations were determined by a
human immunoassay (Quantikine HS, R&D Systems,
Minneapolis, MN). Finally, plasma IL-10 concentrations
were determined by a solid-phase enzyme-amplified im-
munoassay (IL-10 EASIA Kit, Medgenix Diagnostics S.A.,
Fleurus, Belgium). In each case, the assays were per-
formed according to the manufacturers’ directions, and
appropriate calibration curves were constructed. All are
highly specific and sensitive for the range of observed
values.

Data Analysis

Administration of IL-2 was considered elapsed time
zero. Metabolic rate, as determined by indirect calorim-
etry, was our primary measure of shivering. In addition,
shivering was evaluated qualitatively by simple observa-
tion. Shivering was considered a distinct episode when
muscular activity lasted at least 5 min and was followed
by at least 5 quiescent min. As in previous investiga-
tions,”> changes in whole-body heat content on each
study day were calculated using two independent meth-
ods: (1) the time integral of metabolic heat production
minus cutaneous heat loss, and (2) the sum of extremity
and core tissue heat contents.

Febrile responses on each study day are presented as
time-dependent changes. As suggested by Matthews,?°
our primary statistical analysis was based on curve de-
scriptors. Specifically, we considered integrated core
temperature, peak temperature, and the time to peak
temperature. Values were integrated during the last 5 h
of the anesthetic period with respect to average core
temperatures during the first elapsed hour. Heat loss,
heat production, and body heat content were similarly
integrated during the last 5 h of anesthesia. (This period
was chosen because peripheral tissue temperatures
were unavailable during the first hour of anesthesia
while needle thermocouples were being inserted.) Sys-
temic heat balance was calculated by subtracting inte-
grated heat loss from integrated heat production.

End-tidal carbon dioxide pressure, ambient tempera-
ture, humidity, mean arterial blood pressure, heart rate,
and administered fluid volume were first averaged for
the anesthetic period in each volunteer on each study
day. Subsequently, these values were averaged among
the volunteers undergoing each treatment. Differences
between the paralyzed and unparalyzed study days were
evaluated using two-tailed, paired ¢ tests. Data are pre-
sented as mean * SD; P < 0.05 was considered signifi-
cant.
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Fig. 1. Change in core temperature after administration of 30
IU/g interleukin-2 (IL-2), followed 90 min later by an additional
dose of 70 IU/g. The first dose of IL-2 defined elapsed time zero;
anesthesia started after 2 elapsed h and continued for 6 h. Data
are presented as mean * SD. Peak and integrated core temper-
atures differed significantly during the anesthesia period; how-
ever, the difference was not clinically important.

Results

The estimated mass of legs was 30 * 4 kg, whereas the
mass of the arms was 8 = 1 kg. Consequently, peripheral
tissue represented 49 *= 5% of our volunteers’ total mass.
Ambient temperatures, humidity, mean arterial blood
pressures, end-tidal carbon dioxide pressure, and admin-
istered fluid volumes were comparable on the two treat-
ment days. Heart rates were not significantly higher on
the unparalyzed day (81 = 11 vs. 78 = 11 beats/min).

The onset of vasoconstriction was similar in each
group at 4 = 1.1 elapsed h in the unparalyzed day and
3.7 = 0.6 h when the volunteers were paralyzed. Once
initiated, vasoconstriction persisted throughout the rest
of the protocol on both treatment days. Shivering started
a median of 35 min (— 16 min for the 25th and 40 min for
the 75th percentile) after the onset of vasoconstriction
on the unparalyzed day and lasted 61 = 28 min. There
were 4 * 1 shivering episodes per volunteer during the
anesthesia period. No shivering was observed on the
paralyzed day.

Initial (before interleukin) core temperatures were
comparable on the two study days, averaging 36.5°C on
each. Induction of general anesthesia comparably de-
creased core temperature ~0.8°C on each study day.
Peak core temperatures differed significantly on the two

!—
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Table 1. Environmental, Hemodynamic, Respiratory, and
Thermoregulatory Results

Unparalyzed Paralyzed
Ambient temperature (°C) 2i[:3F==015 216 22 (05
Relative humidity (%) 38 +8 39l
Mean arterial blood pressure (mmHg) 64 =8 70 £ 9
Heart rate (bpm) 81 = 11 77 == 1
End-tidal Pp, (mmHg) 47 = 3 48 + 4
Administered fluid volume (L) 2.8 =05 2:51=E1012
Pre-interleukin core temperature (°C)  36.5 = 0.3 365511052
Maximum temperature (°C) B7AGEROL9) &2 2= (05
Time of maximum temperature
(elapsed h) (69 == 1l 6016
Integrated temperature (°C - h) 15 22 ake =02 == 8.5
Mean skin temperature during
anesthesia (°C) B8I5E- 2.7 2= 0457
Time of vasoconstriction (elapsed h) AS O] Bea-=1016

End-tidal Pc,, ambient temperature, humidity, mean arterial blood pressure,
heart rate, and administered fluid volume were first averaged over the anes-
thetic period in each volunteer on each study day. Subsequently, these values
were averaged among the volunteers undergoing each treatment. Data are
mean * SD.

* Statistically significant differences between the two study days.

study days, reaching 37.6 = 0.9°C after 6.9 = 1.2 h on
the unparalyzed day and 37.2 = 0.6°C after 7.6 = 0.5 h
on the paralyzed day (fig. 1). Integrated core tempera-
ture (from the third to the eighth elapsed hours) was
1.5 * 4.3°C/h on the unparalyzed day versus —0.2 =
3.5°C/h on the paralyzed day; these values differed sig-
nificantly by 1.7 = 1.1°C/h (table 1).

Heat losses (integrated over 3-8 elapsed h) were sim-
ilar on each study day. In contrast, integrated heat pro-
duction was 0.6 + 0.3 kcal - kg ' - h ' greater when the
volunteers were unparalyzed. Systemic heat balance, de-
fined by the difference between heat production and
loss, thus increased 0.5 = 0.8 kcal/kg on the unparalyzed
day but decreased significantly by 0.3 = 0.6 kcal/kg
when the volunteers were paralyzed (fig. 2).

Core heat content increased 1.2 = 0.7 kcal/kg over
3-8 elapsed h on the unparalyzed day, and 0.9 = 0.4
kcal/kg when the volunteers were paralyzed. Peripheral
tissue heat content increased 0.1 *= 1.1 kcal/kg on the
unparalyzed day, but it decreased 1.1 = 0.7 kcal/kg
when the volunteers were paralyzed (fig. 3). Conse-
quently, body heat content (as defined by tissue temper-
atures) increased 1.3 = 1.3 kcal/kg on the unparalyzed
day but decreased 0.2 = 0.8 kcal/kg when the volunteers
were paralyzed. Changes in body heat content estimated
from tissue temperatures did not differ significantly from
those determined from systemic heat production and
loss.
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Fig. 2. Heat loss was similar on the unparalyzed and on the
paralyzed study day. In contrast, metabolic heat production was
consistently higher on the unparalyzed study day. Systemic
heat balance increased on the unparalyzed day during the an-
esthesia period, whereas it decreased on the paralyzed day. The
first dose of interleukin-2 defined elapsed time zero; anesthesia
started after 2 elapsed h and continued for 6 h. Results for the
last 5 h of anesthesia are shown because peripheral tissue
temperatures were unavailable during the first hour of anesthe-
sia while needle thermocouples were being inserted. Data are
presented as mean * SD.

The core-to-peripheral tissue temperature gradients at
3 elapsed h were comparable on the unparalyzed and
paralyzed days: 1.2 = 0.6°C and 1.3 = 0.4°C, respec-
tively. Core temperatures increased significantly during
anesthesia, but there were no clinically important differ-
ences on the two study days after 8 elapsed h. Peripheral
tissue temperature remained unchanged on the unpara-
lyzed day, but it decreased 1.2 = 0.6°C with paralysis.
Consequently, the core-to-peripheral tissue temperature
gradient was significantly less on the paralyzed (2.6 =
1.0°C) than on the unparalyzed (3.5 = 1.1°C) study day
(table 2).

Plasma concentrations of IL-2, which were essentially
undetectable at elapsed time zero, increased to 19 = 2
IU/ml 1 h after the first dose and peaked at 224 = 68
IU/ml after the second hour. Plasma concentrations of
TNF increased 13 times from pretreatment levels to peak
levels 3.5 = 1.4 h after the first dose of IL-2. The IL-6
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Fig. 3. Core heat content increased significantly during anesthe-
sia on the unparalyzed and on the paralyzed study day. Periph-
eral heat content changed little on the unparalyzed day but
decreased markedly when the volunteers were paralyzed. Con-
sequently, the core-to-peripheral tissue temperature gradient at
the end of anesthesia was significantly higher with paralysis.
The first dose of interleukin-2 defined elapsed time zero; anes-
thesia started after 2 elapsed h and continued for 6 h. Results for
the last 5 h of anesthesia are shown because peripheral tissue
temperatures were unavailable during the first hour of anesthe-
sia while needle thermocouples were being inserted. Data are
presented as mean * SD.

concentrations were 9 * 13 pg/ml before treatment and
increased nine times to peak levels at 5.7 + 1.4 elapsed
h. Pretreatment concentrations of IL-10 were undetect-
able. The concentrations subsequently increased in all
volunteers, but the pattern varied. IL-10 differed from
the other cytokines in not returning toward baseline
values by the end of the study (fig. 4).

The volunteers remained hemodynamically stable
throughout the protocol. Some of the volunteers re-
ported postanesthetic headache or sore muscles. When
necessary, residual fever, headache, or sore muscles
were treated with 500 mg oral aspirin. None of the
volunteers was nauseated or vomited. Typically the vol-
unteers recovered quickly and were fit for discharge 3 or

4 h after anesthesia.
Discussion

The fever pattern in our unparalyzed volunteers was
comparable to that observed in a previous similar proto-
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col."* Peak and integrated core temperatures were sig-
nificantly reduced during paralysis; however, the reduc-
tion was of little clinical importance. Our data thus
suggest that the paucity of intraoperative fever results
directly from anesthetic-induced inhibition of the febrile
response, rather than from peripheral impairment of
shivering thermogenesis.

The onset of thermoregulatory vasoconstriction was
virtually identical on each study day, suggesting that
central febrile drive was comparable with and without
paralysis. Cutaneous heat loss was also similar. Metabolic
heat production, however, was significantly reduced by
paralysis. As a result, systemic heat balance differed by
0.8 £ 0.4 kcal/kg on the two study days. Body heat
content, as determined directly from tissue tempera-
tures, differed by a similar 0.7 = 0.6 kcal/kg. This ob-
served 0.7-0.8 kcal/kg difference in body heat content
corresponds to a difference in mean body temperature
of 0.8 to 0.9°C, which might well be clinically important.
Based on heat balance alone, one might therefore con-
clude that shivering was effective. So why, then, was the
difference in core temperature only half that much? The
answer is that body heat distribution also differed.

Peripheral tissue temperatures, which were initially
comparable, decreased by about 1°C during anesthesia
with paralysis; core temperature simultaneously in-
creased by approximately 1°C. Consequently, the core-
to-peripheral temperature gradient increased more than
2°C. The increase in core temperature was similar when
the volunteers were unparalyzed, but peripheral temper-
atures remained unchanged because shivering thermo-
genesis produced substantial amounts of heat in large
extremity muscles. The core-to-peripheral temperature
gradient thus increased only half as much when the
volunteers were unparalyzed. Thermoregulatory vaso-
constriction nonetheless contributed significantly to
fever on both the paralyzed and unparalyzed days, Sig-
nificantly increasing the core-to-peripheral tissue tem-
perature gradient in each case.

Vasoconstriction was the only mechanism that contrib-
uted to fever during paralysis. Fever in this case resulted
from an effective constraint of metabolic heat to the core
thermal compartment. (This is the same mechanism that
causes the core-temperature plateau in patients having
surgery who become sufficiently hypothermic.'®) In
contrast, shivering thermogenesis was sufficient to pre-
vent the peripheral cooling that normally accompanies
vasoconstriction. Vasoconstriction was thus less effec-
tive during shivering (in that it maintained a lower core-
to-peripheral tissue temperature gradient), but there are

!

20z I4dy 0z uo 3senb Aq ypd'1000-00060866 L -2¥S0000/¥ZL¥6<€/819/€/68/4Pd-a[01LE/ABO|OISBYISBUR/WOD JIEYDISA|IS ZeSE//:dRY WOl papeojumod




654

LENHARDT ET AL.

Table 2. Integrated Core Temperatures, Heat Balance, and Body Heat Distribution

Unparalyzed Paralyzed Difference
Integrated heat production (kcal - kg 1. h) 42 + 0.4 &35 2z (0l (0)45) == (0)5)
Integrated heat loss (kcal - kg 1. h) &7 2= (048) 8191018 —0.2 £ 0.5
A Systemic heat balance from 3-8 h (kcal/kg) 05 == (0] —(0)8) == (0)fs) 0.8 +0.4
Core heat content at 3 h (kcal/kg) 299 + 0.5 29.8 = 0.2 0.1 = 0.4
A Core heat content from 3-8 h (kcal/kg) 1.2 2= (047 09 + 0.4 (0)58) 2= 1(0):8)
Peripheral heat content at 3 h (kcal/kg) 605} 2= (05) 309 = 0.4 (0)] 2= (0)55)
A Peripheral heat content from 3-8 h (kcal/kg) 0} 2= .4l =l == L7 1.2 0.8
A Body heat content from 3-8 h (kcal/kg) (0} == (0} —{0)}72) == (Ue) Oa==10.6
Core temperature at 3 h (°C) £)(0) 2= (015 35.9 = 0.2 (0] 2= (0}
Peripheral tissue temperature at 3 h (°C) 34.8 = 0.5 34.6 = 0.6 0.2 £ 0.4
Core-to-peripheral tissue temperature difference at 3 h (°C) 1|2 2= (045 e a2 ()t 0.0 £ 0.6
Core temperature at 8 h (°C) B0k 86 ORI 5T 0.5+ 0.4
Peripheral tissue temperature at 8 h (°C) 34.8 = 1.1 Sielal 2z 9l aloy Al 22 9100
Core-to-peripheral tissue temperature difference at 8 h (°C) 2 2= 9/ 407F &5 22 UaalHr —(0}{2) 2= /0]

Data are means + SD. All times expressed in elapsed hours, with the first dose of interleukin-2 being time 0 h and induction of anesthesia being time 2 h. The
changes in body heat content (as determined by tissue temperatures) and systemic heat balance (as determined by heat production and loss) did not differ

significantly.

* Statistically significant differences between the unparalyzed and paralyzed study days.

t Significant differences between 3 and 8 elapsed hours.

two possible explanations: (1) There was less central
drive for vasoconstriction because low-intensity con-
striction was sufficient to reach the febrile target tem-
perature; (2) blood supplying the metabolic needs of
shivering peripheral muscles defeated effective vasocon-
striction. It is unlikely, however, that shivering would be
used in preference to vasoconstriction because the
threshold for shivering is ~1°C less than that for con-

200
200
100
IL-2 IL-6
(IU/ml) 0 (pg/ml 0o
0 4 8 0 4 8
200 4
TNF
alpha IL-10
(pg/ml) o (pg/ml) 0
0 4 8 0 4 8

Time (h) Time (h)

Fig. 4. Interleukin 2 (IL-2), IL-6, tumor necrosis factor alpha, and
IL-10 plasma concentrations are shown at hourly intervals. The
first blood sample was taken just before administration of the
first IL-2 dose (elapsed time zero). Data are presented as mean *
SD.
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striction.”’ It therefore seems most likely that the meta-
bolic needs of shivering extremity muscles reduced the
efficacy of vasoconstriction. Efficacy in this context, as
in previous studies,'®*> was mediated by changes in the
core-to-peripheral temperature gradient rather than cu-
taneous heat loss. Increased peripheral blood flow is one
reason why shivering is inefficient compared with non-
shivering thermogenesis. The other is that heat gener-
ated in the extremities cannot travel up the peripheral-
to-core thermal gradient to where it is most needed.

Fever in our volunteers was provoked by divided in-
travenous doses of IL-2. Not surprisingly, plasma IL-2
concentrations increased from essentially undetectable
levels to >200 IU/ml 30 min after the second dose. IL-2
is an indirect pyrogen; it thus causes fever by triggering
release of primary pyrogens.’”’ Consistent with this
mechanism, TNFa and IL-6 both increased approxi-
mately 10 times and peaked about 3 h later during the
rising phase of the fever curve. IL-10 differs from other
cytokines in being anti-inflammatory, and it is thought to
moderate the febrile response to other pyrogens.*® Con-
sistent with this theory, IL-10 plasma concentrations
started to increase shortly after the second dose of IL-2
but then remained elevated for the duration of the study.
We measured cytokine concentrations only on the un-
paralyzed day because we had no reason to expect that
a peripheral neuromuscular block would influence cir-
culating 1L-2, IL-6, TNFe, or IL-10 levels.
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FEBRILE RESPONSE TO IL-2 DURING ISOFLURANE ANESTHESIA

Nonshivering thermogenesis doubles the metabolic
heat production in cold-exposed infants,”” but it only
slightly augments heat production in adults.*® 3% Fur-
thermore, volatile anesthetics inhibit nonshivering ther-
mogenesis peripherally,® preventing the response in
anesthetized adults®* and children.*> We did not expect
nonshivering thermogenesis in this study, and we ob-
served none.

A limitation of our protocol is that even only 0.6
minimum alveolar concentration of desflurane signifi-
cantly inhibits fever, presumably via a central mecha-
nism. Consequently, the body temperature increased
only ~1°C from its postinduction nadir despite a dose of
IL-2 that produces maximal fever without anesthesia.'? It
is likely that shivering drive would be greater if the
pyrogenic stimulus was greater. The effects of paralysis
would surely be more pronounced if the febrile “set
point” was so high that both vasoconstriction and shiv-
ering were required to sufficiently increase core temper-
ature. This situation may be rare, however, because
clinical concentrations of volatile anesthetics (7.e., 1 min-
imum alveolar concentration) essentially obliterate fe-
ver.'? Even if a particularly potent pyrogenic stimulus
could overcome anesthetic-induced inhibition of fever,
the effects of intraoperative paralysis may be less than
expected because volatile anesthetics also reduce the
maximum intensity of shivering.’

In conclusion, paralysis prevented shivering from in-
creasing metabolic rate. Consequently, body heat con-
tent decreased during paralysis, whereas otherwise it
increased. Thermoregulatory vasoconstriction nonethe-
less maintained similar peak and integrated core temper-
atures on each study day. Administration of muscle re-
laxants thus is not the primary explanation for the
relative paucity of intraoperative fever.

The Coretemp “‘deep tissue” thermometer was loaned by Terumo
Medical Corp., Tokyo, Japan. Other equipment was donated by the
following: thermocouples, Mallinckrodt Anesthesiology Products, Inc.,
St. Louis, MO; Capnomac Ultima gas monitor, Datex, Inc., Finland; and
intravenous fluid warmer, Microwave Medical Systems Inc., Acton, MA.
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