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PURPOSE: Initial treatments for fever include the ameliora-
tion of underlying causes and administration of antipyretic
medications. However, patients who fail these treatments are
often actively cooled, which may be counterproductive because
decreasing skin temperature increases the thermoregulatory
core target temperature. Cooling may also provoke metabolic
and autonomic stress and thermal discomfort.
SUBJECTS AND METHODS: We studied 9 subjects, each on 3
days. Fever was induced each day with 100,000 IU/kg of inter-
leukin-2 administered intravenously (elapsed time zero). Ran-
domly assigned treatments were 1) control (a cotton blanket),
2) cooling (forced air at 158C), or 3) self-adjust (forced-air
warming adjusted to comfort). Treatments were maintained for
3 to 8 elapsed hours.
RESULTS: Peak core temperatures (mean 6 SD) were 38.4 6
0.58C on the control day, 38.1 6 0.58C on the cooling day, and
38.5 6 0.48C on the self-adjust day. Integrated core tempera-
tures were 6.0 6 1.68C z h on the control day, 5.7 6 2.28C z h on

the cooling day, and 6.4 6 1.28C z h on the self-adjust day.
Neither peak nor integrated core temperatures differed signifi-
cantly on the 3 days. Shivering was common on the cooling day
but otherwise rare. Oxygen consumption was normal on the
control and self-adjust days but increased 35% to 40% during
cooling (P 5 0.0001). Mean arterial pressure and plasma nor-
epinephrine and epinephrine concentrations were significantly
greater during cooling (P ,0.05). On a self-reported thermal
comfort scale, the subjects were miserable during cooling and
significantly more comfortable on the self-adjust than control
day (P ,0.05).
CONCLUSION: We conclude that active cooling should be
avoided in unsedated patients with moderate fever, because it
does not reduce core temperature but does increase metabolic
rate, activate the autonomic nervous system, and provoke ther-
mal discomfort. Am J Med. 1999;106:550 –555. q1999 by Ex-
cerpta Medica, Inc.

In many ways, fever is understood better on a molec-
ular than on a clinical level. Little is known about the
appropriate management of fever in humans, be-

cause research is difficult as a result of the sporadic onset,
variable magnitude, and unpredictable duration of fever.
Consequently, optimal treatment strategies for fever have
yet to be established. Indeed, whether it is even appropri-
ate to treat fever remains controversial (1–3).

The primary treatments for fever are amelioration of
the underlying cause and administration of antipyretic
medications. The first treatment strategy may fail, be-
cause the cause of the fever remains unknown or does not
respond to therapy. The second strategy may fail, because
some fever is mediated by mechanisms that bypass con-

ventional antipyretic agents (4). It is in these patients that
active cooling is most likely to be used.

However, there is little evidence to support the efficacy
of active cooling. Thermoregulatory theory suggests that
cooling may be counterproductive, because the febrile
target set by the hypothalamus uses mean body temper-
ature, not core temperature. For thermoregulatory pur-
poses, weighted mean body temperature is a linear com-
bination of core and skin temperatures, with the skin
contributing approximately 20% of the total (5). De-
creasing skin temperature by 58C will thus increase the
target core temperature approximately 18C if thermoreg-
ulatory defenses can compensate fully for the cutaneous
heat loss. Because these defenses are remarkably effective
(6), it is likely that active cooling will frequently augment
rather than reduce the magnitude of the fever.

An additional difficulty with active cooling of febrile pa-
tients is that thermoregulatory efforts to increase core tem-
perature, whether successful or not, require a substantial
metabolic cost and are associated with marked activation of
the sympathetic nervous system. Shivering can double the
metabolic rate (7), and much greater increases occur tran-
siently (8). It is associated with tachycardia, hypertension,
and plasma catecholamine concentrations that are three
times normal levels (9,10). In addition, active cooling pro-
vokes intense thermal discomfort that distresses patients
and contributes to autonomic activation. Thermal discom-
fort is particularly intense, because skin temperature con-
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tributes twice as much to behavioral regulation as to auto-
nomic control (11).

We thus tested the hypotheses that active cutaneous cool-
ing during fever would increase peak and integrated core
temperature, augment metabolic and autonomic responses,
and provoke marked thermal discomfort. We also tested the
corollary hypothesis that allowing febrile subjects to adjust
their own thermal environments would reduce fever and
ameliorate the associated physiologic and behavioral re-
sponse. We simultaneously evaluated systemic heat balance
to determine the mechanism by which changes in cutaneous
thermal flux and the resulting alterations in metabolic rate
influence core temperature.

METHODS

With approval from the Committee on Human Research
at the University of California, San Francisco, and in-
formed consent, we enrolled 11 healthy male volunteers.
Nine completed the entire 3-day protocol, and only their
data are reported. The subjects had a mean (6SD) age of
28 6 2 years, a mean height of 177 6 5 cm, a mean weight
of 85 6 12 kg, and a mean body fat of 23 6 2% (Futrex
1000, Futrex, Inc, Magerstown, MD).

Each participated on 3 study days. To avoid circadian
fluctuations, studies were scheduled at the same time
each day. The subjects rested supine on a standard oper-
ating room table and were minimally clothed; ambient
temperature was maintained near 21.58C.

Protocol
Catheters were inserted in a left forearm vein and the
radial artery. Ringer’s solution at ambient temperature
was infused at approximately 300 mL/h. On each day,
fever was induced by intravenous injection of 30,000
IU/kg of human recombinant interleukin-2 (at elapsed
time 0), followed 2 hours later by 70,000 IU/kg of the
drug (Chiron, Inc, Berkeley, CA). This dose and timing
was adapted from a previous study (12). We have used
this fever model in other studies (13,14) and have not
observed any evidence of tolerance. To minimize further
the chance of tolerance, study days were separated by at
least 7 days.

Each subject participated on 3 randomly assigned days:
1) control, which consisted of a single cotton blanket, 2)
cooling, which involved skin-surface cooling with forced
air and circulating water at 158C, or 3) self-adjust, in
which forced-air and circulating-water warming (or
cooling) was adjusted to maximize comfort by the sub-
jects. Thermal management started at the third elapsed
hour and continued for 5 hours.

Measurements
Core temperature was recorded at 10-minute intervals
from the tympanic membrane using Mon-a-Therm ther-

mocouples (Mallinckrodt Anesthesiology Products, Inc,
St. Louis, MO). Fingertip vasoconstriction was evaluated
with forearm minus fingertip skin-temperature gradients
(15). Values .08C were considered evidence of arterio-
venous shunt vasoconstriction.

Thermal comfort was determined at 30-minute inter-
vals using a 100-mm visual analog scale with 0 mm indi-
cating the worst imaginable cold, 50 mm identifying ther-
moneutrality, and 100 mm being the worst imaginable
heat. Blood pressure and heart rates were determined
oscillometrically at 5-minute intervals at the left
ankle. Shivering was evaluated by indirect calorimetry
(Deltatrac; SensorMedics Corporation, Yorba Linda,
CA). Shivering was also evaluated qualitatively: distinct
episodes were identified by muscular activity lasting at
least 5 minutes, after $5 quiescent minutes.

Arterial blood was sampled at hourly intervals. Epi-
nephrine and norepinephrine concentrations were mea-
sured using high-pressure liquid chromatography with
electrochemical detection after aluminia extraction (16).
This method is sensitive to 0.1 nM and has a coefficient of
variation of approximately 6%.

Heat Balance
Energy expenditure was derived from oxygen consump-
tion and carbon dioxide production as determined by the
metabolic monitor. Measurements were averaged over
5-minute intervals and recorded every 5 minutes. Area-
weighted heat flux from 15 skin-surface sites was mea-
sured using thermal flux transducers (Concept Engineer-
ing, Old Saybrook, CT) (17). Measured cutaneous heat
loss was augmented by 10% to account for insensible
transcutaneous evaporative loss (18) and 3% to compen-
sate for the skin covered by the subjects’ shorts. We fur-
ther augmented cutaneous loss by 5% of the metabolic
rate (as determined from oxygen consumption) to ac-
count for respiratory loss (19). We defined flux as positive
when heat traversed skin to the environment.

Data Analysis
Environmental factors, hemodynamic responses, admin-
istered fluid volume, mean skin temperature, and plasma
catecholamine concentrations were averaged for the
treatment period in each subject on each study day. Sub-
sequently, these values were averaged among the subjects
undergoing each treatment.

As suggested by Matthews (20), our primary statistical
analysis for time-dependent responses was based on
curve descriptors. Specifically, we considered integrated
core temperature, peak temperature, and the time to peak
temperature. Values were integrated over the treatment
period with respect to average core temperatures during
the first elapsed hour. Heat loss and production were sim-
ilarly integrated over the treatment period. Cumulative
systemic heat balance was calculated by subtracting inte-
grated heat loss from integrated heat production (17,21).
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Thermal sensation scores of 40 to 60 mm were considered
comfortable.

Differences among the study days were evaluated by
chi-square or repeated-measures analysis of variance and
Scheffé’s F tests. Continuous data are presented as
means 6 SDs; P ,0.05 was considered significant.

RESULTS

On the self-adjust day, there was enormous variability in
the requested heater settings. Not only did the level differ
among subjects, but it differed— often by 4 to 58C—
within a single subject during the study period. In gen-
eral, subjects requested progressively more heating from
the second through the fourth elapsed hours while core
temperature was increasing and subsequently requested
less heat. No subject requested cooling at any time.

Peak and integrated core temperatures did not differ
significantly on the 3 treatment days. In contrast, mean
skin temperatures differed significantly during each
treatment. Thermal sensation exceeded the comfortable
range (40 to 60 mm) in 88 of 99 measurements on the
cooling day, significantly more often than on the other 2
days (P 5 0.0001). Values were within the comfortable

range in all but 11 of the measurements on the self-adjust
day, but exceeded that range for 27 of the measurements
on the control day (P 5 0.007; Figure 1).

Shivering was common on the cooling day but was
infrequent on the control day and nearly absent on the
self-adjust day. Shivering on the cooling day lasted for
229 6 35 minutes, but only 33 6 11 minutes in three
subjects on the control day and 20 minutes in a single
subject on the self-adjust day (P 5 0.0001). Oxygen up-
take was normal on the control and self-adjust days but
increased by 35% to 40% during cooling (P 5 0.0001).

Mean arterial pressure was significantly (P ,0.05)
greater during cooling (98 6 6 mm Hg) than during self-
adjustment (86 6 6 mm Hg) or the control day (90 6 4
mm Hg). In contrast, heart rates were comparable during
each treatment. Norepinephrine concentrations were ap-
proximately 40% greater during cooling than on the
other 2 days (P ,0.01); epinephrine concentrations also
were significantly elevated during cooling (P ,0.05) (Ta-
ble 1).

Integrated heat loss differed significantly on the 3 treat-
ment days, being 4.1 6 0.5 kcal z kg21 z h on the control
day, 2.6 6 0.7 kcal z kg21 z h on the self-adjust day, and
9.8 6 2.0 kcal z kg21 z h during cooling (P 5 0.0001). Heat

Table 1. Environmental, Hemodynamic, and Thermoregulatory Results in 9 Volunteer Subjects

Control Day, Percent or
Mean 6 SD

Cooling Day, Percent or
Mean 6 SD

Self-adjust Day, Percent or
Mean 6 SD

Ambient temperature (8C) 21.6 6 0.4 21.5 6 0.5 21.6 6 0.4
Relative humidity (%) 43 6 6 46 6 3 44 6 4
Mean arterial blood pressure (mm Hg) 90 6 4 98 6 6* 86 6 6†

Heart rate (beats/min) 86 6 10 82 6 13 88 6 11
Thermal comfort (mm on VAS) 45 6 4 22 6 7* 54 6 4*†

Administered fluid volume (L) 2.4 6 0.3 2.6 6 0.3 2.5 6 0.2
Pre-interleukin core temperature (8C) 36.6 6 0.3 36.6 6 0.2 36.5 6 0.2
Maximum temperature (8C) 38.4 6 0.5 38.1 6 0.5 38.5 6 0.4
Time of maximum temperature (h) 6.9 6 1.1 7.6 6 0.6 7.6 6 0.6
Integrated core temperature (8C z h) 6.0 6 1.6 5.7 6 2.2 6.4 6 1.2
Mean skin temperature (8C) 34.0 6 0.6 27.6 6 0.6* 35.4 6 0.5*†

Duration of shivering (min) 33 6 11 229 6 35* 20 6 0*†

Incidence of shivering (%) 33 100* 11*†

Duration of vasoconstriction (h) 4.1 6 1.4 4.5 6 1.1 2.6 6 1.5*†

Baseline norepinephrine concentration (nM) 0.9 6 0.4 0.9 6 0.3 1.1 6 0.7
Mean norepinephrine concentration during

treatment (nM)
1.0 6 0.4 1.4 6 0.7* 1.1 6 0.5†

Baseline epinephrine concentration (nM) 0.3 6 0.1 0.3 6 0.1 0.3 6 0.1
Mean epinephrine concentration during

treatment (nM)
0.3 6 0.1 0.5 6 0.1* 0.4 6 0.1

Integrated heat production (kcal z kg21 z h) 5.7 6 0.7 7.6 6 0.9* 5.4 6 0.8†

Integrated heat loss (kcal z kg21 z h) 4.1 6 0.5 9.8 6 2.0* 2.6 6 0.7†

Change in systemic heat balance during
treatment period (kcal/kg)

1.6 6 0.6 22.2 6 1.3* 2.8 6 0.8†

* Statistically different (P ,0.05) from control day.
† Statistically different (P ,0.05) from cooling day.
VAS 5 visual analog scale.
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production was 5.7 6 0.7 kcal z kg21 z h on the control and
5.4 6 0.08 kcal z kg21 z h on the self-adjust days. In con-
trast, heat production was approximately 30% greater
during cooling: 7.6 6 0.9 kcal z kg21 z h. Body heat con-
tent thus increased 1.6 6 0.6 kcal/kg on the control day
and increased 2.8 6 0.8 kcal/kg on the self-adjust day but
decreased 2.2 6 1.3 kcal/kg during cooling (Figure 2).

DISCUSSION

Cutaneous cooling reduced mean skin temperature ap-
proximately 68C. Core temperature during active cooling
was initially slightly higher than on the control day, con-
sistent with our hypothesis that cutaneous cooling might
aggravate fever via a compensatory increase in core tem-
perature. Subsequently, however, core temperature was
somewhat lower, which suggests that thermoregulatory
defenses failed to compensate fully for augmented cuta-
neous heat loss. The result was that integrated core tem-
peratures were virtually identical with and without active
cooling. We thus failed to confirm our hypothesis that
active cooling would augment fever, although cooling
also failed to reduce the magnitude of fever.

Oxygen uptake was approximately 35% greater on the
cooling than control day. Shivering thermogenesis was
accompanied by a significant increase in mean arterial
blood pressure. Active cooling also significantly increased
plasma norepinephrine and epinephrine concentrations.
Taken together, these increases in oxygen uptake, mean
arterial pressure, and plasma catecholamine concentra-
tions indicate that fever during cutaneous cooling was
maintained at substantial metabolic cost that was medi-
ated by adrenergic activation.

Patients typically feel cold during the initial phase of
fever, because their actual body temperatures are consid-
erably less than the febrile setpoint, producing a relative
hypothermia. Consistent with this theory, our subjects
felt slightly cool (45 6 4 mm on a visual analog scale) on
the control day. During active cooling, however, they
were miserably cold (22 6 7 mm). This difference does
not express fully their discomfort during cooling. Two of
11 subjects were unable to complete the protocol, and
those who did rated it as an extremely unpleasant experi-
ence, confirming our hypothesis that active cutaneous
cooling during fever would provoke marked thermal dis-
comfort.

Mean skin temperature was approximately 1.58C
higher during self-controlled warming than on the con-
trol day. Cutaneous warming did not increase core tem-

Figure 1. Core and skin temperature and thermal comfort after
intravenous administration of 30,000 IU/kg of interleukin-2
(time 0), followed 2 hours later by an additional dose of 70,000
IU/kg in 9 subjects. Thermal comfort is reported as millimeters
on a visual analog scale (VAS), with 0 mm indicating the worst
imaginable cold, 50 mm identifying thermoneutrality, and 100
mm being the worst imaginable heat. Data are presented as
means 6 SDs.

Figure 2. Cutaneous heat loss, metabolic heat production, and
cumulative systemic heat balance during the treatment period.
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perature, although we also failed to observe the antici-
pated 0.38C reduction. Metabolic rate, mean arterial
blood pressure, and plasma catecholamine concentra-
tions were also similar, possibly because metabolic rate
was already low on the control day and there was little
sign of autonomic activation. Thermal comfort, however,
was significantly improved, suggesting that self-con-
trolled warming improves thermal comfort without ele-
vating core temperature.

Active cooling failed to decrease core temperature in
our subjects, because thermoregulatory vasoconstriction
and shivering compensated for the imposed cutaneous
heat loss. These same defenses presumably increased
metabolic rate, mean arterial blood pressure, and plasma
catecholamine concentrations. Similarly, it was behav-
ioral thermoregulatory responses that produced the in-
tense cold sensation reported by our subjects whose ther-
moregulatory responses were intact. Our results would
likely have differed in patients whose thermoregulatory
control was impaired by disease (22), or medications in-
cluding opioids (23,24), propofol (25), nitrous oxide
(26), or volatile anesthetics (27). Similarly, our results
may have been different if we used antipyretic medica-
tions that would presumably lower the thermoregulatory
setpoint (28).

An impaired thermoregulatory system converts fever into
passive hyperthermia, which will respond to cooling. How-
ever, active cooling is often unnecessary in these patients
because, in the absence of thermoregulatory responses, core
temperature decreases rapidly in a typical cool hospital en-
vironment. Indeed, cutaneous cooling reduces core temper-
ature in sedated (28) and paralyzed (29) critical care pa-
tients. In contrast, vasodilated (ie, nonthermoregulating)
patients who remain hyperthermic in a typical hospital en-
vironment may have a hypermetabolic syndrome and may
benefit from active cooling.

Heat production exceeded loss throughout the control
and self-adjust days, and body heat content increased sub-
stantially with the simultaneous increases in core and pe-
ripheral tissue temperatures. Active cooling significantly in-
creased both heat production and heat loss. However, as
heat loss consistently exceeded production, body heat con-
tent decreased during cooling. The increase in core temper-
ature during cooling, which was virtually identical to that
observed on the other treatment days, thus resulted from a
different mechanism, probably because thermoregulatory
vasoconstriction was able to constrain sufficient metabolic
heat to the core thermal compartment, thus compensating
for the overall decline in body heat content. This is the same
mechanism by which intraoperative vasoconstriction main-
tains a core-temperature plateau (21) in patients who be-
come sufficiently hypothermic to trigger thermoregulatory
defenses (27).

A limitation of this study is that we studied volunteer
subjects rather than patients, who may respond differ-

ently. Patients will typically be given antipyretic medica-
tions, which were not used in this study. Our results thus
apply best to patients who are not given, or fail to respond
to, antipyretic drugs. Thermoregulatory defenses were
able to maintain an elevated core temperature in our sub-
jects who had a moderate fever. Active surface cooling
may prove more effective in patients having higher tem-
peratures, although reductions in body temperature un-
der these circumstances will still be accompanied by sub-
stantial autonomic nervous system activation and ther-
mal discomfort. Our conclusion that active cooling
should be avoided applies only to subjects who are febrile;
in contrast, passive hyperthermia (eg, heat stroke, malig-
nant hyperthermia) from other causes will presumably be
relieved by surface cooling.

In summary, active cutaneous cooling failed to reduce
the magnitude of fever compared with control treatment
but significantly increased the metabolic rate, activated
the autonomic nervous system, and provoked intense
thermal discomfort. When subjects were allowed to ma-
nipulate their own thermal environments, they achieved
optimal thermal comfort despite failing to affect the mag-
nitude of the fever, but without provoking hypermetabo-
lism or autonomic activation.
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