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Pyrexiain the critically il
N R Webster

Abstract

Temperature changeisa conserved physological
response to infection. In animal studies cytokine re-
gponsesassociated with body temper aturechangeshave
been ducidated. In humans with sepss, hypothermia
appear s to be associated with higher TNF-alpha con-
centrations and has a significantly higher mortality.
However, the presence of pyrexia does not appear to
influence outcome from infection. The routine use of
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antipyretic agentsremainscontrover sal and sudiesin
patientswith viral infectionssuggest that their usemay
be associated with an anti-inflammatory effect with
prolonged time to viral clearance — and surprisingly,
littleevidenceof improvement in symptoms. Inonel CU
sudy it would seem that ibuprofen when used in the
sub-group of patients with hypothermia and sepsisis
asociated with an improvement in outcome.
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Introduction

Sepsi's necessitates acquiring an infection and the physi-
ological changes which occur in the hogt are then aresult
of the infection with that organism. Response is often to
pathogen components. Someof thesephysiologica changes
are an dtempt to eradicate the pathogen while others are
often unwanted s de-effectsof being infected. For example,
coughing is clearly designed to expel invading micro-or-
ganisms from the respiratory tract. However, cyanoss, for
example, is a dde-effect of compromised gas exchange
resulting from the pneumonia caused by the invading or-
ganism and probably haslittle beneficid effect in eradicat-
ing the organism from the host. Much of the physiologica
response is conserved through evolution.

The basic physiologica response to inflammation is
reflected in the well known criteria for the systemic in-
flammatory response (SIRS):

Temperature > 38 or < 36°C

Heart rate > 90 bpm

Respiratory rate > 20 bpm; or IPPV
WBC > 12,000 or < 4,000 cdllg/ml
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Pyrexia or hypothermiais one component of the defi-
nition and would therefore be expected to be an important
determinantin outcomefrominfection. A recently described
study [1] used amulti-dimensiona neurd network analy-
dsof 382 patients with septic shock to define parameters
dictating outcome. Systolic and diagtolic blood pressure
and platelet count were the three most highly correlated
vaiables. Notably respiratory rate and temperature were
unimportant. Even more surprisingly some trestments —
notably catecholamineusewerea so unimportant. Thisnew
predictive scoring system —the MEDAN RRT, performed
better than dl other scores tested. The authors concluded
that any beneficid physiologica change should be associ-
ated with an improved outcome and from the results ob-
tained pyrexia did not affect outcome. Moreover, blood
pressureisindeed an important determinant of outcomein
septic shock, but trestment of the blood pressure does not
necessarily improve the score and outcome? Perhaps the
pyrexia or hypothermia seen in sepsis may be an epiphe-
nomenon or is acting periphera to the main physiologica
changes. Some authors have suggested that while some
physiologica changes are a defence, others may actudly
be considered a defect.

Pyrexia as a defensive physiological change

Pyrexia is a phylogenetically ancient host response to
infection and it is found in fish, reptiles, birds aswell as
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mammals. Fever reducesmortality frominfectionin cold-
blooded animals. However, in man, is pyrexia adaptive
or maladaptive? Moreover, is hypothermia protective or
detrimental and is it worse than pyrexia? If we accept
that pyrexia may be beneficia then is the use of anti-
pyretic agents associated with an atered response to in-
fection or mortality?

Body temperature is carefully regulated even during
fever —the thermostat is merely set a a higher tempera-
ture. For ingtance, cold-blooded lizardswhen infected seek
out warmer areastoraisetheir body temperature by around
2°C; rats with a 2° fever when placed in a very hot cage
activate their cooling mechanisms; rats with a 2° fever
when placed in avery cold cage activate their heat con-
servation mechanisms. In dl cases the core temperature
returns to the same higher level.

Outcome and pyrexia

Julius Wagner-Jauregg won the Nobd prize for physiol-
ogy and medicinein 1927 for his sudiesreating to fever.
Knowing that maaria could be controlled with quinine
and having observed that patients with some nervous dis-
orders improved after infections with fever, he induced
malariato trest syphilis patients who had centra nervous
system disorders. He was thus able to contral an incurable
and fata disease. Although antibiotics eventually replaced
this treetment for syphilis, it led to the development of fe-
ver therapy.

A recent study sought to determine the incidence of
hyperthermia (>38.3) and hypothermia(<36.0) inICU [2].
Thiswas aprospective, obsarvationa study in athirty-one
bed, medico-surgica intensive care. All adult patients ad-
mitted consecutively to the ICU for at least 24 h, during a
6 month period were studied. Fever 139 (28.2%) patients
and hypothermiaiin 45 (9.1%) patients, at some time dur-
ing the ICU dtay. Fever was present in 52 of 100 (52.0%)
infected patients without septic shock, and in 24 of 38
(63.2%) patients with septic shock. Hypothermia occurred
in 5 of 100 (5.0%) infected patients without septic shock
andin 5 of 38 (13.1%) patients with septic shock. Patients
with hypothermia and fever had higher sequentid organ
failure assessment (SOFA) scores on admission (6.3+3.7
and 6.4+3.3 versus 4.6+3.2), maximum SOFA scores dur-
ing ICU day (7.6+5.2 and 8.2+4.7 versus 5.4+3.8) and
mortality rates (33.3% and 35.3% versus 10.3%; which
was sgnificantly different p<0.01). Among the septic pa-
tients those that were hypothermic were older than febrile
patients(69+9 versus 54+ 7years). Patientswith septic shock
hed a higher mortdity if they were hypothermic than if
they were febrile (80% versus 50%, Satisticaly different
with p<0.01). The authors conclude that both hypothermia
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and fever are associated with increased morbidity and
mortaity rates. However, those with hypothermia have a
worse prognos's than those with fever.

Cytokines and the temperature response to in-
fection

Interleukin-6 (1L-6) and tumour necrod sfactor-adpha(TNF~
apha) have been implicated as key mediatorsin inflamma:
tion, morbidity, and mortdity associated with sepsis. These
agentsmay be associated with thetemperature changes seen
in sepssaswell assurviva. Leon and co-workers[3] sud-
ied these cytokines and outcome using aceecd ligation and
puncture (CLP) modd in gene knockout mice. Wild-type
mice developed an initid hypothermia and subsequent fe-
ver during sepsis. However, the 1L-6 knockout mice did not
deve op fever; rather, they maintained a profound hypother-
miaduring sepsis. TN p55/p75 receptor (TNFR) knockout
mice had attenuated hypothermia, but developed avirtudly
identica fever to the wild-type mice. Surviva was sgnifi-
cantly enhanced inthe TNFR knockout mice compared with
wild-type controls. Lack of IL-6 did not affect lethdity. The
authorsconcdludethat IL-6isakey mediator of fever, whereas
TNF isrespongble for the initid hypothermiaand lethdity
of sepsis.

Infurther studies, [4] the effect of the anti-inflamma-
tory cytokine interleukin-10 (IL-10) was studied. IL-10
inhibits the synthesis of pro-inflammatory cytokines
known to be involved in fever, including IL-1, IL-6, and
TNF-apha. In this model, mice injected with recombi-
nant murine IL-10 (rmul L-10) were resisgtant to fever in-
duced by a low dose of endotoxin (lipopolysaccharide
LPS) (100 micrograms/kg, i.p.) and to the hypothermic
and febrile effects of ahigh dose of LPS (2.5 mg/kg, i.p.).
Injection of rmulL-10 aone had no effect on body tem-
perature. IL-10 knockout mice showed an exacerbated
and prolonged fever in responseto alow dose of LPS (50
microgramg/kg, i.p.) compared to their wild-type coun-
terparts. These datasupport the hypothesisthat IL-10 acts
as an endogenous antipyretic during LPS-induced fever
in mice and has a protective role in the letha effects of
LPS injection.

Antipyretics and fever

Antipyretics have been used since antiquity to lower the
temperature in febrile patients. However, it is not known
whether the benefits of such treatment outweigh therisks
that may be involved by lowering the fever of a septic
patient. Itisnot known if the coretemperatureever reaches
levelsthat areintringcally noxiousin an infected patient
without attempts to lower the body temperature. There
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have been very few studies in humans looking at the use
of antipyretic agentsin sepsis.

There have been at least two studies which have ex-
amined the use of antipyretics in patients with vira in-
fections. Graham NM and co-workers conducted a
double-blind, placebo-controlled trid to study the effects
of over-the-counter analgesic/antipyretic medications on
virus shedding, immune response, and clinical atusin
the common cold [5]. Sixty hedthy volunteerswere chal-
lenged intranasally with rhinovirus type 2 and random-
ized to one of four trestment arms. aspirin, acetami-
nophen, ibuprofen, or placebo. Fifty-six volunteers were
successfully infected and shed virus on at least 4 days
after challenge. Virus shedding, antibody levels, clinica
symptoms and signs, and blood leukocyte levels were
carefully monitored. Use of aspirin and acetaminophen
was associated with suppression of serum neutralizing
antibody response and increased nasal symptoms and
signs. There was a concomitant risein circulating mono-
cytessuggesting that the suppression of antibody response
may be mediated through drug effects on monocytesand/
or mononuclear phagocytes. There were no significant
differencesin viral shedding among the four groups, but
a trend toward longer duration of virus shedding was
observed in the aspirin and acetaminophen groups.

Another study looked to see whether acetami-
nophen affected the duration or severity of childhood
varicella [6]. Again this was a randomized, double-
blind, placebo-controlled trial and 72 children between
1 and 12 years of age entered the study. Acetami-
nophen, 10 mg/kg/dose, was given at 8am, 12pm, 4pm
and 8pm for 4 days. There was lesstime to total scab-
bing 5.6 days in the placebo group compared with 6.7
daysin the acetaminophen group, and symptoms were
aso lessin the placebo group (symptom score 2.9 ver-
sus 2.2). The authors conclude that acetaminophen did
not alleviate symptoms in children with varicella and
may actually prolong the illness.

There have aso been afew studiesin intensive care
patientslooking at temperature asaphysological response
to infection. In one the clinical and physiologic charac-
terigtics of febrile septic patients were compared with hy-
pothermic septic patients [7]. In addition, plasma con-
centrations of TNF-adpha and I1L-6 were compared be-

tween hypothermic septic patients and febrile patients.
Half of the patients were given ibuprofen treatment (10
mg/kg (maximum 800 mg) administered intravenoudy
over 30 to 60mins every 6hrsfor eight dosesin adouble
blind fashion). 455 patients with severe sepsis were stud-
ied. Forty-four (10%) of the patients were hypothermic
and 409 (90%) were febrile. The mortality rate was sig-
nificantly higher in the hypothermic patients, 70% ver-
sus 35% for febrile patients. At study entry serum con-
centrations of TNF-aphaand I1L-6 were significantly -
evated in hypothermic patients compared with febrile
patients. In hypothermic patients treated with ibuprofen,
there was a trend toward an increased number of days
free of major organ system failures and a significant re-
duction in the 30-day mortality rate from 90% (18/20
placebo-treated patients) to 54% (13/24 ibuprofen-treated
patients). The authors conclude that hypothermic sepsis
has an incidence of approximately 10% and an untreated
mortality twice that of severe sepsis presenting with fe-
ver. When compared with febrile patients, the hypother-
mic group had an amplified response with respect to
cytokines TNF-adphaand IL-6. Treatment with ibuprofen
decreased mortdity but only in this select group of septic
patients. The changesin TNF-al phafully support the ani-
mal data presented above.

Conclusions

Temperature change is a conserved physiologica re-
sponse to infection. However, the presence of pyrexia
does not appear to influence outcome from infection.
Hypothermiain septic patients is associated with asig-
nificantly higher mortality. Hypothermia appears to be
associated with higher TNF-alphaconcentrationsin sep-
tic patients. The routine use of antipyretic agents re-
mains controversial and studies with patients with viral
infections suggest that their use may be associated with
an anti-inflammatory effect with prolonged time to vi-
ra clearance — and surprisingly little evidence of im-
provement in symptoms. InonelCU study it would seem
that ibuprofen when used in the sub-group of patients
with hypothermia and sepsis is associated with an im-
provement in outcome.
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