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hat’s missing for evidence-based fever management? Is fever beneficial
 harmful to humans?

Fever is a common symptom in patients with infection,
ry or various inflammatory-related diseases. Since

ween 29% and 36% of hospitalized patients are
imated to have fever (Bor et al., 1988; McGowan
l., 1987), fever management is an important nursing
ctice that requires serious study not only because it
uences patients’ health outcomes but also because
viding antipyretic therapy consumes considerable
ources and nursing manpower. Physiologically, fever

 complex, coordinated and self-contained response
t is induced by a group of pyrogens (Dinarello, 2004).
er rarely exceeds 41 8C in humans and may be
diated through a natural antipyretic pathway by
ogenous antipyretic molecules (Roth et al., 2004).
rospective clinical studies on patients with the life-
eatening illness bacteremia report that patients who
re febrile had a higher survival rate than those who
re afebrile (Bryant et al., 1971; Mackowiak et al., 1980).

ever, other studies on different patient populations,
h different underlying diseases using various research
thods have produced inconsistent results regarding

 effects of fever on the host (Gozzoli et al., 2001; Hasday
al., 2011; Kiekkas et al., 2010). Due to ethical
siderations, few randomized clinical trials have been
ducted on patients, especially those with critical
esses, to examine outcomes in fever patients with or
hout antipyretic therapy. There appear to be pros and
s to lowering the body temperature in patients with

er. Studies have reported that nurses hold different
ceptions about fever, and practice various fever
nagement protocols (Sarrell et al., 2002; Thomas
al., 1994). The UK National Institute for Health and
ical Excellence (NICE) has published a guideline for

 management of feverish illness in children younger
n five years (NCCW and CH, 2007), but few other
delines are available. There is continuing debate about
 accuracy of different devices to measure body
perature (Rubia-Rubia et al., 2011) and consistent

dence from human studies to support clinical guide-
s for fever management is lacking.

1. Is less intervention in fever the best intervention?

Studies on patients with non-life-threatening illnesses,
e.g., rhinovirus infection, have found that treatment with
antipyretics increased and prolonged the symptoms of
illness (Doran et al., 1989; Graham et al., 1990). Schulman
et al. (2005) conducted a randomized clinical trial on 82
trauma ICU patients. Forty-four patients received an
aggressive antipyretic therapy (650 mg of acetaminophen
every 6 h for a core temperature >38.5 8C, and a cooling
blanket for a temperature >39.5 8C). Thirty-two patients in
the control group received no treatment for fever unless
the temperature exceeded 40 8C, then acetaminophen and
a cooling blanket was used until the temperature was
reduced to lower than 40 8C. There were seven deaths in
the aggressive treatment group and 1 death in the control
group (P = 0.06, Fisher’s exact test). Therefore, some
authors believe that fever is beneficial to a host’s defenses
and it is unnecessary to give antipyretic therapy unless a
patient has neurological damage or cannot tolerate the
metabolic burden caused by fever (Barone, 2009; Holtzc-
law, 2002; Outzen, 2009). Few authors specify the optimal
threshold of body temperature at which antipyretic
therapy should be initiated. However, it has been
suggested that antipyretics should be given when tem-
perature reaches 39 8C, and external cooling should be
provided when body temperature is higher than 39.5 8C
(Henker and Carlson, 2007). No physical cooling measures
should be used before antipyretics are given to lower the
set-point of the thermoregulatory center (Carey, 2010).

2. Is there an optimal temperature for initiation of
antipyretic therapy?

Despite the research findings stated above, some
scholars continue to argue that the evidence from human
studies is inadequate and hesitate to adopt a permissive
approach to the treatment of fever. Mackowiak et al.
(1980) found that when body temperature exceeds 39.4 8C
survival rate decreased in septic patients, and animal
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studies have shown that fever above a certain temperature
may cause cell injury in the lungs and be harmful to the
host (Rice et al., 2005). In a prospective observational study
of 239 ICU patients where febrile patients were divided by
peak body temperature into four groups of <38.3 8C, 38.3–
39.2 8C, 39.3–40.2 8C and >40.2 8C, mortality rates were
16.7%, 20%, 44.4% and 100% respectively. A higher peak
body temperature is thus associated with higher mortality
rates (Kiekkas et al., 2010). The authors of this study
speculate that there may be an optimal febrile range in
which fever may be beneficial. In other words, fever may
become harmful and cause cell damage or impaired-
oxygen release in tissues when body temperature exceeds
a certain level. However, it is uncertain whether suppres-
sion of body temperature during high or extreme fever
improves a patient’s prognosis.

3. Does the optimal febrile range vary depend on site of
infection?

To examine the survival effects of optimal febrile range
in mice with infection at various sites, a model of febrile-
range hyperthermia (FRH) was developed and a series of
studies were conducted. Mice were inoculated with
Klebsiella pneumoniae into the peritoneum (Jiang et al.,
2000), or lipopolysaccharide (LPS, a bacterial toxin) was
injected into the trachea (Rice et al., 2005). To induce FRH
mice were housed at 35 8C rather than the regular 23 8C.
The core temperature of FRH mice was elevated by around
2 8C from 36.5–37.5 8C to 39.2–40 8C. Mice exposed to 35 8C
were referred to as ‘‘febrile mice’’ and control mice
exposed to 23 8C were referred to as ‘‘afebrile mice’’.

The level of plasma pyrogens in mouse plasma, e.g.,
TNFX, IL-6, IFN-V and bacterial growth at infection site
were measured and associations between pyrogens,
bacterial growth and host survival (Jiang et al., 2000; Rice
et al., 2005) were examined. The peritonitis study reported
that the level of plasma cytokines varies at different phases
of infection. There was less peritoneal pathogen growth in
febrile mice than in afebrile mice. The febrile mice showed
a 50% increase in survival rate that investigators concluded
may be due to reduced bacterial growth resulting from
enhanced host defense rather than the elevated tempera-
ture killing bacteria directly (Jiang et al., 2000).

In the study of intratracheal LPS-challenged mice, FRH
increased pulmonary vascular endothelial injury, loss of
bronchiolar epithelial barrier function, and pulmonary
neutrophil accumulation (Rice et al., 2005). These changes
are similar to the pathophysiologic changes seen in human
adult respiratory disease syndrome. This pneumonia study
showed that FRH resulted in lower survival and excessive
lung injury (Rice et al., 2005). The findings of these FRH-
mice studies indicate that the effects of physiologic
response of fever on the host vary according to the site
of infection and core body temperature. The researchers
concluded that the different survival outcomes are a result
of the net effect of enhanced bacteria clearance and
collateral injury to tissue of infected organs. In other
words, the lung is more susceptible and vulnerable to the
injury due to immune-mediated inflammation than the

To conclude, the findings of clinical studies and animal
studies have not yet established whether fever is a harmful
byproduct or a beneficial host-defense response. Fever
management may need to be disease-specific, determined
by pathogen of infection, site of infection or injury, peak
temperature of fever response, and period of fever
response. More rigorous clinical trials are needed to
address the following questions

1. What is the safe range of core body temperature in
fever?

2. If fever is beneficial only within a certain range of
temperature, what is the temperature at which fever
starts to do more harm than good to cells and tissues in
humans?

3. Will antipyretic therapy be beneficial to patients who
have fever exceeding the upper limit of optimal febrile
range?

4. If suppressing high fever is good for health outcomes,
what is the best protocol to lower patient’s body
temperature?
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