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ABSTRACT 

Tepid sponge baths can distress febrile children, and 

are of unproven value for reducing fever. This study 

compared the cooling effect of acetaminophen alone, and 

acetaminophen plus a 15 minute tepid sponge bath. Twenty 

children (age range: 5 to 68 months) seen at the Urgent Care 

or Emergency Department with fever of > 3 8.9°C were 

randomized to receive 1) no sponge bath, or 2) a 15 minute 

sponge bath 3 0 minutes after the acetaminophen. Subjects 

received a 15 mg/kg dose of acetaminophen. Tympanic 

temperature was monitored every 3 0 minutes for two hours, 

and subjects were monitored for signs of discomfort (crying, 

shivering, goosebumps). Significance level was set at 0.05. 

Sponge bathed subjects cooled faster during the first hour; 

however, there was no significant difference between groups 

in overall temperature change after two hours. Sponge bathed 

subjects had significantly higher discomfort scores during 

the bathing period only (p < 0.009). 
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CHAPTER 1. 

Introduction 

Fever is a common reason for pediatric healthcare 

visits. Villarreal, Berman, Groothis, Strange, and Schmitt 

(1983) found fever was the most common complaint for after-

hours telephone calls to a pediatric residency group, 

accounting for about 15% of the calls per month; and Wright, 

et al. (1981) reported 19% of sick child clinic visits 

reviewed were associated with fever higher than 39.4°C. 

Schmitt (1984) cited McCarthy's 1979 report that about 20% 

of pediatric emergency department visits were due to fever. 

A chart review from six randomly selected days between April 

1 and May 30, 1992 at Tucson Medical Center Emergency 

Department (ED) found 2 6 pediatric visits with admitting 

temperatures over 38.1°C, an average of 4.3 visits a day. 

Fever is an ubiquitous response to infection found in 

insects, fishes, reptiles, birds and mammals, and, because 

of its long phylogenetic history, is thought to be an 

adaptive response by the host (Kluger, 1992). While fever 

has been demonstrated to decrease mortality in some lower 

animals, a clear benefit or harm from fever has not been 

established in humans. 

Fever may be part of the body's natural defence, 

augmenting immune responses and encouraging restfulness 
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during illness (Kruse, 1988). Fever is associated with the 

acute phase response to infection, a generalized response 

characterized by alterations in metabolic, endocrine, and 

immune function which are believed to enhance host survival 

(Kushner, 1982). Some aspects of the immune response are 

enhanced at febrile temperatures, including increased 

neutrophil migration and T-helper cell activity, and 

increased interferon activity; natural-killer cell activity, 

on the other hand, is reduced (Kluger, 1992; Roberts, 1991). 

Fever is frequently associated with mild discomfort, 

achiness, dehydration, and sometimes delirium, and benign 

febrile seizures (Reeves-Swift, 1990; Schmitt, 1984, 1993). 

The most serious side effects associated with fever, status 

epilepticus and heat stroke, are extremely rare (Schmitt, 

1984) . The increased metabolic costs of fever may be 

detrimental to patients with dehydration, compromised 

cardiac function, shock, or neurologic illness; and fever 

has been associated with increased incidence of spontaneous 

abortions and embryonic malformations (Edwards, 1979; Haupt 

& Rackow, 1983; Kline, Stein, Susser, & Warburton, 1985; 

Schmitt, 1984) . 

Problem Statement, Purpose, 

and Research Questions 

Fever's greatest significance may be as an indicator of 

illness. In children, fevers are usually caused by self-
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limiting viral illnesses and less frequently are due to 

bacterial infections (Schmitt, 1993). Temperatures in the 

normal febrile range (37.8 to 4 0°C) are not considered 

dangerous; however, treatment of the fever is frequently 

instituted as a comfort measure for the patient, and to 

relieve parental anxiety (Kilmon, 1987a; May & Bauchner, 

1992; Schmitt, 1984; Younger & Brown, 1985). The most 

frequently recommended interventions are antipyretic 

medication for fever over 39°C, and tepid sponge bathing for 

fever over 41.1°C; parents also report using tepid sponge 

bathing for fever second in frequency to antipyretics 

(Andersen, 1988; Donahue, 1983; Kilmon, 1987b; Kramer, 

Naimark, & Leduc, 1985; Schmitt, 1984, 1993). Tepid 

sponging, however, is frequently uncomfortable for the 

child, and results in crying and shivering (Kruse, 1988; 

Schmitt, 1984). While the antipyretic efficacy of 

medications such as acetaminophen is well documented, the 

efficacy of tepid sponging for fever reduction is still 

unproven (Donahue, 1983; May & Bauchner, 1992; Younger & 

Brown, 1985) . 

The purpose of this study was to examine the efficacy 

of two methods for reducing fever in young children 

presenting to the emergency department or urgent care 

center: 1) antipyretic medication alone; and 2) antipyretic 
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medication and a tepid sponge bath. Discomfort was compared 

for the two techniques. The research hypotheses were: 

1. There will be no difference in overall temperature 

reduction between febrile children treated with 1) 

antipyretics alone, and 2) antipyretics and sponge bathing; 

2. There will be no difference in discomfort between 

patients who receive: 1) antipyretics alone, and 2) 

antipyretics and sponge bathing. 

Significance to Nursing 

The treatment of fever in children is a significant 

issue for nursing. Emergency department nurses frequently 

implement fever reduction therapy when patients present with 

fever, and advice on fever management is frequently sought 

from nurses and physicians (Donahue, 1983; Schmitt, 1980; 

Villareal, et al., 1983). In addition, fever management is 

an important topic to teach to parents during well-child 

visits and hospitalizations (Andersen, 1988; Fruthaler, 

1985; Kilmon, 1987b; Wagner, Stapleton, Stein & Wadina, 

1984; Whaley & Wong, 1991). 

Studies found parents from all socioeconomic groups 

have an exaggerated fear of childhood fevers (Kramer, et 

al., 1985; Schmitt, 1980). Schmitt (1980) surveyed 81 

parents visiting a pediatric clinic for their understanding 

of fever. Ninety percent of the parents considered 

temperatures of 39.5°C or less to be a "high fever", and 62% 
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believed a high fever could cause permanent harm including 

brain damage, convulsions, coma, and death. Fifty-two 

percent of the parents believed that serious complications 

can occur at temperatures of 4 0°C or less, and 56% of the 

parents would give antipyretic medications for a temperature 

of 37.8°C or less. Andersen (1988) also found brain damage, 

seizures, and death the most frequently cited harmful 

sequelae from fever by 84 parents of school-age children 

surveyed; most parents gave medications for temperatures of 

37.8°C. 

In a survey of loo parents of young children, Kilmon 

(1987b) found parents had several misconceptions about fever 

management. The survey results showed 21% to 32% of the 

parents gave medication for a temperature less than 38°C. 

Only 36% of the parents gave the correct dosage of 

medication for the child's weight and age; 38% gave doses 

that were too low, and 12% gave doses that were too high. 

Fifty parents also reported sponge bathing their children 

for fever. However, 3 6% of these parents used an alcohol and 

water mixture, and another 3 6% used cold water; only 18% 

reported using lukewarm water for sponging. 

Misconceptions about fever were also found in a study 

of 21 parents who brought febrile children to the ED 

(Wagner, et al., 1984). Seventy-one percent of the parents 

were unable to define a normal temperature, and 71% 
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initiated treatment for temperatures below 38.9°C. Seventy-

one percent of the parents in the study by Casey, et al. 

(1984) gave medication for temperatures less than 38.3°C. In 

several studies, parents believed that fevers would continue 

to climb to very high levels if left untreated (Kramer, et 

al., 1985; Schmitt, 1980). 

Healthcare providers contribute to the fear of fevers 

with mixed messages about the danger of fever, and 

aggressive overtreatment (Andersen, 1988; Fruthaler, 1985; 

Kramer, et al., 1985; May & Bauchner, 1992). A survey of 151 

pediatricians found 72% always or often recommended treating 

fevers, and 64% would do so between 38.3 and 38.8°C (May & 

Bauchner, 1992). Sixty-five percent believed that fever 

alone could be dangerous. Of those same physicians, 60% 

cited a temperature of 4 0°C as significant, and the most 

serious complications cited included seizures, brain damage 

and death. On the other hand, 71% of the physicians stated 

fever reduction was for the comfort of the child, and 88% 

would not wake a sleeping child for fever treatment. 

In a survey of 113 6 ED nurses, Thomas, Riegel, Andrea, 

Murray, Gerhart, and Gocka (1993) found pediatric fever 

management practices vary widely. Nurses reported initiating 

fever management for temperatures ranging from 37.8 to 

4 0.5°C. Eighty percent reported sponge bathing to reduce 

fever. Nine respondents (1.2%) reported using alcohol sponge 
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baths. The most frequently cited rationale for fever 

reduction was to prevent a fever increase, and the most 

frequently cited rationale for sponge bathing was to prevent 

seizures. The authors concluded standards based on research 

data are needed. 

The fear of febrile seizures is exaggerated. Febrile 

seizures are defined as events associated with fever 

occurring in infancy or childhood, but without intracranial 

infection or known cause (Freeman, 1980). There is no 

evidence that, in the absence of underlying neurological 

impairment, febrile seizures cause brain damage or lead to 

epilepsy (Freeman, 1980; Fruthaler, 1985). Febrile seizures 

occur in only about 3% of children, most often in the 6-

month to 3-year-old age group; the reoccurrence rate is 

about 30% to 40% (El-Radhi, Withana, & Banajeh, 1986; 

Freeman, 1980; Lorin, 1982). It is not known whether fever 

alone causes seizures, or whether some other process is 

involved. Mechanisms that have been proposed include an age-

related vulnerability, fever height, and rate of rise; 

febrile seizures also typically occur within the first 24 to 

48 hours of an illness (Lorin, 1982). 

Although seizure prevention is a frequently cited 

reason for reducing fever, antipyresis has not been proven 

to prevent febrile seizures, and often the parent is unaware 

the child is febrile before the seizure occurs (Fruthaler, 
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1985; Kruse, 1988). El-Radhi, et al. (1986) also found that 

in 97 children who had experienced a febrile seizure, 

children with fevers above 40°C were almost seven times less 

likely to have recurrent febrile seizures than children with 

lower fevers. 

From the above cited research, it is clear that both 

healthcare providers and parents have misconceptions 

regarding fever. It is important for nurses to be able to 

provide accurate information to parents of young children, 

and to initiate appropriate fever management. In order to 

understand the rationale of fever therapy, one must first 

understand the mechanisms involved in control of body 

temperature and how the body produces fever. Current 

theories on fever are based on thermal physiology and the 

set-point theory of temperature regulation. 

Theoretical Framework 

Normal Body Temperature 

The concept of a single "normal" body temperature is 

inaccurate: Body temperature varies from site to site. The 

body can be conceptualized has having a homeothermic core 

consisting of the viscera and cranial contents, and a 

poikilothermic shell, the skin (Holdcroft, 1980; Houdas & 

Ring, 1982; Rhoades & Pflanzer, 1992). The core temperature 

remains relatively constant, but the shell temperature 
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varies with environmental temperatures due to changes in 

peripheral blood flow (Figure 1) . In a warm environment, 

increased peripheral blood flow brings the core temperature 

nearer to the body surface, i.e., the shell becomes thinner. 

In cold environments, decreased blood flow allows peripheral 

tissues to cool, and the thickness of the shell increases 

(Carlson & Hsieh, 1970; Rhoades & Pflanzer, 1992). 

Temperature gradients exist between the body's core and 

the shell, and between the shell and the environment. 

Temperature is higher at the core than at the skin surface, 

and higher in the central body parts than in the extremities 

(Holdcroft, 1980; Houdas & Ring, 1982; Rhoades & Pflanzer, 

1992). At a comfortable ambient temperature, skin 

temperature is higher than the surrounding air. 

Temperature gradients are necessary for the transfer of 

heat from the body to the environment according to the laws 

of thermodynamics (Houdas & Ring, 1982; Rhoades & Pflanzer, 

1992). The first law of thermodynamics states that energy 

can be converted to other forms (such as heat) but not 

destroyed. For a closed system: energy gained = energy lost 

(Holdcroft, 1980; Houdas & Ring, 1982). The second law of 

thermodynamics (entropy) states that energy moves from areas 

of high energy to areas of low energy, and the reverse 

cannot occur spontaneously (Houdas & Ring, 1982). In the 

body, metabolic energy is converted to heat, transmitted 
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down a temperature gradient, and dissipated to the 

environment. 

Normal core body temperature is maintained within a 

narrow range, from 36 to 37.8°C (Dinarello, Cannon & Wolff, 

1988; Ganong, 1985; Rhoades & Pflanzer, 1992). The average 

body temperature is 37°C at the core and 33.5°C at the skin 

(Houdas & Ring, 1982; Holdcroft, 1980; Rhoades & Pflanzer 

1992). Additionally, there is a regular diurnal variation of 

0.5 to 0.7°C. Temperature is lowest in the early morning 

(for people who sleep at night), and highest in the late 

afternoon. This circadian variation occurs even at rest, so 

is not accounted for simply by changes in activity level 

(Rhoades & Pflanzer, 1992). Women also have cyclic increases 

in body temperature of about 1°C at the time of ovulation 

(Ganong, 1985; Rhoades & Pflanzer, 1992). Infants and the 

elderly are less able to regulate body temperature and are 

more affected by ambient temperature (Ganong, 1985). 

Factors that influence metabolic rate affect body 

temperature. Skeletal muscle activity is the most 

significant contributor to heat production (Ganong, 1985; 

Rhoades & Pflanzer, 1992). During heavy exercise, heat 

production may increase as much as tenfold, and the core 

temperature may rise as high as 40 to 41°C (Ganong, 1985; 

Holdcroft, 1980; Rhoades & Pflanzer, 1992). 
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Ganong (1985), and Rhoades and Pflanzer (1992) describe 

other factors that influence metabolic rate, including: age, 

gender, food ingestion, circulating hormones, emotional 

excitement, and climate. Metabolic rate is highest in 

infancy and childhood, and declines with age. Children tend 

to have a temperature about 0.5°C higher than a normal adult 

temperature due to increased metabolic rates and activity-

levels (Ganong, 1985; Rhoades & Pflanzer, 1992). The 

metabolic rate in women is about 5% to 10% lower than men; 

it increases during ovulation and pregnancy. Food ingestion 

results in increased heat production, primarily due to 

increased activity in the liver (Rhoades & Pflanzer, 1992). 

Epinephrine, norepinephrine, and thyroxin increase metabolic 

activity while low levels of thyroid hormones decrease 

metabolic rate. Emotional excitement increases body 

temperature due to muscular tension and release of 

epinephrine. Rhoades and Pflanzer (1992) state cold-

acclimated persons have a higher metabolic rate. Houdas and 

Ring (1982), however, stated cold acclimatization is due to 

an increase in insulating subcutaneous fat, not a change in 

metabolic rate. 

Thermal Balance 

To maintain body temperature, there must be a balance 

between heat production and heat loss. Thermal neutrality is 

achieved when a body at rest is able to maintain a constant 
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temperature without active regulation (Holdcroft, 1980; 

Houdas & Ring, 1982). The environmental temperature range 

for thermoneutrality in a resting adult is 22 to 25 °C, but 

varies between individuals (Holdcroft, 1980; Houdas & Ring, 

1982; Rhoades & Pflanzer, 1992). Outside of this range, the 

body must actively gain or lose heat to maintain a constant 

body temperature. 

The body is considered to be at a steady state, or at 

thermal equilibrium, when heat production matches heat loss 

(Holdcroft, 1980; Houdas & Ring, 1982; Rhoades & Pflanzer, 

1992) . This equilibrium is expressed algebraically in 

Equation 1 (Carlson & Hsieh, 1970, p. 42; Holdcroft, 1980, 

p. 6): 

M - W = E ± C ± K ± R  ( 1 )  

heat gain = heat loss 

where: M = rate of metabolism 

W = energy expended by physical work (action on an 

object) 

E = evaporative heat loss 

C, K, R = conductive, convective, and radiant heat 

loss, respectively. These values are positive if heat 

is lost, negative if heat is gained (Carlson & Hsieh, 
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1970; Holdcroft, 1980; Houdas & Ring, 1982; Kluger, 

1979). 

Heat transfer and heat exchange within the body (from core 

to shell) and between the body and the environment occurs 

down a temperature gradient through the processes of 

radiation, convection, conduction, and evaporation (Ganong, 

1985; Holdcroft, 1980; Houdas & Ring, 1982; Kluger, 1979; 

Rhoades & Pflanzer, 1992). 

Radiant heat exchange occurs between objects not in 

direct contact by emission of infrared electromagnetic 

waves. Heat is constantly being exchanged from warm objects 

to cooler objects by radiation (Kluger, 1979; Rhoades & 

Pflanzer, 1992). Radiant heat exchange is expressed by 

Equation 2 (Kluger, 1979; p. 10): 

R/t = a e, e2 A (T,4 - T24) (2) 

where: R = radiant heat exchange 

t = time 

a = Steffan-Boltzman constant 

e,,e2 = emissivities of the radiating objects 

A = area 
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Ti4fT24 = "the absolute temperatures of the radiating 

objects (T, = temperature of the shell, and T2 = 

temperature of the environment) 

Rhoades and Pflanzer (1992) state that radiation accounts 

for 60% of the heat lost by a nude person sitting in a 

comfortable temperature (21°C). Radiant heat loss increases 

with cutaneous vasodilatation (Holdcroft, 1980). 

Conduction is the direct transfer of energy between the 

molecules of two objects in direct contact. Conductive heat 

exchange is expressed by Equation 3 (Kluger 1979; p. 11); 

K/t = A k/L (T, - T2) (3) 

where, K = conductive heat exchange 

t = time 

A = area 

k = the coefficient of conductivity 

L = the distance between T, and T2 (In Carlson & 

Hsieh (1970), L is expressed as (r x d), where r 

is thermal resistance or insulation, and d = 

distance. Insulation is inversely proportional to 

blood flow). 

T,, T2 = the temperatures of the two objects 
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Distance between the objects and conductivity influence heat 

transfer by conduction (Kluger, 1979). Tissue conduction 

(where T] = temperature of the core and T2 = temperature of 

the shell) is inadequate alone to transfer heat from the 

body core to the shell because cell-to-cell temperature 

gradients are small. The conductivity of unperfused tissue 

is very low, about the same as cork (Rhoades & Pflanzer, 

1992). On exposure to cold, tissue conduction is reduced as 

the distance from core to shell increases. 

Changes in cutaneous blood flow affect heat loss to the 

environment by conduction (where T, = temperature of the 

shell and T2 = temperature of the environment) (Ganong, 

1985; Holdcroft, 1980). Usually, minimal amounts of body 

heat are lost to the environment by conduction (Holdcroft, 

1980; Rhoades & Pflanzer, 1992). But conductive heat loss 

can be significant, for instance, when a person is lying on 

cold ground (Houdas & Ring, 1982). 

Convection is heat transfer by the movement of fluid 

(liquid or gas) surrounding the body. The equation for 

convective heat exchange is (Kluger, 1979; p. 10): 

C/t = c A (T, - T2) ( 4 )  
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where, C = convective heat exchange 

t = time 

c = convective heat transfer coefficient 

A = area 

T,, T2 — temperatures of the two objects 

The nature and velocity of the fluid medium influence 

convection; these variables are part of the coefficient of 

convection, c (Kluger, 1979; Rhoades & Pflanzer, 1992). 

Rapid heat loss from the body in cold water is an example of 

increased convection due to the nature of water (water is 20 

times more conductive than air); and, the "wind-chill 

factor" (added heat loss in windy conditions) is an example 

of increased convective heat loss related to the velocity of 

the fluid medium (Kluger, 1979; Rhoades & Pflanzer, 1992). 

Heat transfer from core to shell occurs primarily by 

circulatory convection (Houdas & Ring, 1982; Rhoades & 

Pflanzer, 1992). The high water content of blood gives it a 

large heat capacity (Holdcroft, 1980). Blood is warmed in 

the core by heat generated from metabolic activity, and then 

is circulated to the cooler shell where heat is lost to the 

environment (Rhoades & Pflanzer, 1992). Central venous blood 

is warmer that arterial blood, whereas peripheral venous 

blood is cooler. When exposed to cold, venous blood is 
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diverted from superficial to deep veins traveling in close 

proximity to arteries where countercurrent heat exchange 

rewarms venous blood (Houdas & Ring, 1982). 

Heat transfer then, is largely controlled by blood 

distribution, and changes in peripheral blood flow 

(Holdcroft, 1980; Rhoades & Pflanzer, 1992). Peripheral 

vasoconstriction increases the distance from core to shell, 

increasing the insulation from unperfused tissue and 

reducing heat transfer to an absolute minimum (Carlson & 

Hsieh, 1970; Holdcroft, 1980). Cooling the shell also 

reduces heat loss by decreasing the temperature gradient 

between the shell and the environment (Carlson & Hsieh, 

1970; Holdcroft, 1980). Peripheral vasodilation can increase 

peripheral blood flow 100 times, maximizing radiant, 

conductive, and convective heat loss by abolishing the core 

to shell gradient (Holdcroft, 1980; Kluger, 1979; Rhoades & 

Pflanzer, 1992) . The temperature gradient is thereby 

increased and insulation of the shell is minimized. 

For the mechanisms of radiation, conduction, and 

convection, the amount of exposed surface area and the 

difference in temperature between the two objects influence 

the amount of heat transferred (Kluger, 1979). The greater 

the exposed area and the larger the temperature gradient, 

the greater the amount of heat transferred. 
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Evaporation does not depend on temperature gradients as 

do conduction, convection, and radiation; therefore, it is 

the only mechanism available to cool the body in high 

temperature environments (Kluger, 1979; Rhoades & Pflanzer, 

1992). The equation for evaporative heat loss is (Kluger, 

1979; p. 11): 

E/t = A b (V.PM - V.P.2) (5) 

where, E = heat lost by evaporation 

t = time 

A = area 

b = coefficient of evaporation 

V.P.,, V.P.2 = vapor pressure of the evaporative surface, 

and vapor pressure of the surrounding air 

Evaporative heat loss is influenced by the amount of 

area exposed, time, and the difference between the vapor 

pressure of the skin surface and the vapor pressure 

(humidity) of the surrounding air (Kluger, 1979). Passive 

evaporative heat loss from the skin and respiratory tract is 

continuous. At the basal level, evaporation accounts for 20% 

to 25% of the total body heat loss (Holdcroft, 1980; Rhoades 
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& Pflanzer, 1992). Sweating can actively increase 

evaporative heat loss as much as tenfold (Holdcroft, 1980). 

In summary, the temperature of the shell must be lower 

than that of the core in order for the body to lose heat 

(Figure 2). Heat is transferred from the body core to the 

shell primarily by blood convection. The body loses heat to 

the environment by conduction, convection, radiation, and 

evaporation, which all depend on time, the area of exposure, 

and the nature of the objects or fluids involved in the heat 

exchange. Evaporation is the sole mechanism available 

forheat loss when environmental temperatures exceed the 

temperature of the body shell. 

Body Temperature Regulation 

According to current theory, the hypothalamus acts as a 

thermostat to regulate body temperature around a set point 

(Rhoades & Pflanzer, 1992). At set point, regulatory action 

is zero. Variation above or below the set value (or 

temperature range) results in attempts to raise or lower the 

body temperature (Holdcroft, 1980; Kluger, 1979; Rhoades & 

Pflanzer, 1992) . Thermoregulation occurs through a three 

part reflex arc: 1) afferent input from peripheral and 

central warm and cold sensors, 2) central integration at the 

hypothalamus, and 3) effector mechanisms which modify heat 

production and heat loss (Ganong, 1985; Kluger, 1978; 

Rhoades & Pflanzer, 1992) . 
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Peripheral receptors that respond to cold and heat are 

found in the skin. Cold receptors are 10 times more abundant 

than warm receptors (Houdas & Ring, 1982; Rhoades & 

Pflanzer, 1992). Cold receptors increase their firing rate 

as skin temperature drops from 38 to 3 0°C, and also have a 

paradoxical increased firing at temperatures above 45°C. 

Warm receptors increase firing from 25 to 40°C, tapering off 

at 45°C. Peripheral receptors transmit impulses to the 

hypothalamus and cortex (Houdas & Ring, 1982). 

Central thermoreceptors are found in the spinal cord, 

and the preoptic area of the anterior hypothalamus (POAH). 

Receptors at the POAH are sensitive to the temperature of 

the local blood supply. In contrast to peripheral receptors, 

in the POAH warm receptors are more numerous than cold 

receptors (Houdas & Ring, 1982). Central thermoreceptors are 

also posited to exist in the viscera, and great veins, 

however, these receptors have not been located (Pierau & 

Schmid, 1990). 

The integration of peripheral and central thermosensory 

input occurs at the anterior hypothalamus. The anterior 

hypothalamus receives input from peripheral and central 

thermoreceptors and initiates responses related to heat 

stress, including vasodilation and sweating. The posterior 

hypothalamus receives input from the anterior hypothalamus 

and the spinal cord, and initiates responses related to cold 
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stress, especially shivering (Ganong, 1985; Holdcroft, 1980; 

Houdas & Ring, 1982; Kluger, 1979). The posterior 

hypothalamus may act more as a relay station for effector 

responses than a separate controller (Bligh, 1982; Meyers, 

1984). The body's responses to thermal stress can either 

modify heat production or modify heat loss. 

When exposed to cold, the body increases heat 

production. Heat production in the body is a result of 

metabolic activity (Ganong, 1985; Rhoades & Pflanzer, 1992) . 

Nonshivering thermogenesis, increased skeletal muscle 

activity, and shivering generate heat for the body. 

Nonshivering thermogenesis results from sympathetic 

stimulation of brown fat tissue (Holdcroft, 1980; Houdas & 

Ring, 1982). Brown fat is highly metabolically active tissue 

which is present in neonates and infants but not in adults. 

In the neonate, nonshivering thermogenesis produces 95% of 

heat produced under cold stress; the amount of heat produced 

decreases to 3 0-40% at 8 months, and to about 10% by one 

year (Houdas & Ring, 1982). Increased voluntary activity and 

shivering are the most important sources of heat in the 

adult. Shivering can produce a five-fold increase in 

metabolic rate, but is activity with low work value, thus, 

most of the energy produced is released as heat (refer to 

equation 1) (Holdcroft, 1980; Rhoades & Pflanzer, 1992). 
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The body can conserve heat by reducing convective, 

conductive, and radiant heat losses. Heat loss is minimized 

by reducing blood flow to the skin and horripilation; both 

increase the effective distance over which heat must be 

transferred (Ganong, 1985; Rhoades & Pflanzer, 1992). 

Curling up reduces the amount of body surface area exposed 

(Ganong, 1985). Other behavioral responses to reduce heat 

loss include adding clothing and seeking a warmer 

environment (Ganong, 1985). 

In response to heat exposure, the body maximizes heat 

dissipating mechanisms and minimizes heat production. 

Cutaneous blood vessels dilate, maximizing conductive, 

convective and radiant heat loss (Equations 2, 3, & 4) 

(Ganong, 1985; Holdcroft, 1982; Kluger, 1979). Sweating, 

activated via sympathetic pathways, increases evaporative 

heat loss. Each gram of water vaporized removes about 0.6 

kcal of heat; the body may lose l to 1.5 liters of fluid an 

hour, or up to 900 kcal/h (Ganong, 1985; Hensel, 1981; 

Holdcroft, 1982; Rhoades & Pflanzer, 1992). Anorexia and 

inertia minimize heat production (Ganong, 1985). 

The body works to maintain a constant internal 

temperature using mechanisms that are governed by physical 

principles of heat transfer and heat exchange. During 

illness, the same mechanisms that are activated to defend 
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the body against changes in environmental temperature are 

used to produce an elevation in core body temperature. 

Fever 

Fever is an elevation of body temperature resulting 

from a change in the physiologic set point at the 

hypothalamus (Dinarello, Cannon & Wolff, 1988). This differs 

from hyperthermia, where the body temperature is elevated 

but the physiologic set point remains normal. Fever is 

associated with the acute phase response, a generalized 

response to inflammation or infection, which is not found in 

severe hyperthermia (Styrt & Sugarman, 1990). 

Physiologic set point cannot be measured, but can be 

implied by the activity of thermoregulatory mechanisms. 

Hyperthermia results when thermoregulatory mechanisms (heat-

producing and heat dissipating mechanisms) fail to 

compensate for heat load, whereas, these mechanisms are used 

to produce fever in response to hypothalamic control 

(Dinarello, Cannon & Wolff, 1988; Styrt & Sugarman, 1990). 

Fever usually ranges from 38 to 41°c, is self-limiting, and 

rarely rises to levels considered dangerous (Bruce & Grove, 

1992). Hyperthermia, on the other hand, can present with 

temperatures of 41.7°C or higher; the maximum temperature 

the body can tolerate for an extended period without 

permanent damage is about 42°C (Bligh, 1982; Dinarello, 

Cannon & Wolff, 1988). 
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Fever has three phases: 1) the chill phase, 2) the 

plateau phase, and 3) defervescence (Bligh, 1982; Holtzclaw, 

1992) . At the onset of fever, core body temperature is low 

(hypothermic) relative to the new higher set point and heat 

conserving and producing mechanisms are activated (Ganong, 

1985; Hensel, 1981; Kluger, 1991). The person feels cold, 

shivers and vasoconstricts, and curls up until a new level 

of thermal neutrality is reached (plateau). During the 

plateau phase, normal thermoregulatory responses remain 

intact around the higher set-point (Bligh, 1982). At 

defervescence, the set point returns to a normal level and 

the body responds by activating heat loss mechanisms to 

bring down the core body temperature: The person 

vasodilates, sweats, and stretches out to cool off. 

Materials capable of producing fever are called 

pyrogens. Pyrogens alter the hypothalamic set point by 

increasing the firing of central cold receptors, and 

decreasing the firing of central warm receptors in the POAH 

(Bligh, 1982; Dascombe, 1985). The increased firing of cold-

sensitive neurons drives heat conserving and heat producing 

effector mechanisms, while heat dissipating mechanisms are 

inhibited (Dascombe, 1985). 

Exogenous pyrogens include bacteria, viruses, fungi, 

bacterial endotoxins, and other microbial material 

(Dinarello, Cannon, & Wolff, 1988; Kluger, 1992). Most 
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exogenous pyrogens cause fever by inducing the release of 

endogenous pyrogens (EP) from macrophages at the site of 

inflammation or infection; EP is then carried by the 

circulation to the anterior hypothalamus, where 

prostaglandin E2 (PGE2) is released (Kluger, 1992). Other 

cells capable of producing EP include macrophages in the 

liver and lung, granulocytes, endothelial cells,and 

astrocytes (Dascombe, 1985). Antigen-antibody complexes, 

complement, steroid metabolites, tumor cells, and some drugs 

also induce the release of EP (Dascombe, 1985; Dinarello, et 

al., 1988; Holtzclaw, 1992). 

It is not certain whether pyrogens, because of their 

large molecular size, can cross the blood brain barrier 

(BBB) from the circulation to act on the hypothalamus. 

During fever caused by endotoxin, increased vascular 

permeability may allow endotoxin to penetrate the BBB and 

act on the CNS (Dascombe, 1985). Stitt and Bernheim (1985) 

found prolonged fevers after intracerebroventricular 

injection of EP compared to intravenous injections. 

Dinarello, et al. (1988) state this supports the concept 

that EP does not cross the BBB, but rather stimulates 

release of intermediates at the vascular endothelium. 

An area relatively devoid of BBB and adjacent to the 

POAH is the organum vasculosum of the lamina terminalis 
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(OVLT). Animal studies have indicated the OVLT may be 

involved in fever. Nonablative lesions to the OVLT were 

found to enhance the febrile response, whereas similar 

lesions to the POAH did not (Stitt, 1985}. Destruction of 

the OVLT prevents fever in response to circulating pyrogens 

in several animal models (Blatteis, 1992). 

Several mechanisms have been suggested for the role of 

the OVLT in fever production. Circulating pyrogen may 

diffuse into the brain via the OVLT vascular network to act 

directly at the POAH; or, pyrogen may act on endothelial 

cells or reticuloendothelial cells in the perivascular 

region of the OVLT to cause the release of PGE. 

Prostaglandin E then acts on cells of the OVLT to produce 

fever or diffuses across the BBB and acts on the POAH 

(Coceani, Bishai, Lees & Sirko, 1986; Dinarello, et al., 

1988; Stitt, 1985). 

Arachidonic metabolites (primarily PGE2) probably 

mediate fever at the anterior hypothalamus. The BBB is 

permeable to PGE which is small and lipophilic (Stitt, 

1986). Intracerebral injection of PGE is known to cause 

fever, and some evidence shows that PGE increases 

electrophysiologic activity in thermosensitive cells of the 

hypothalamus (Dascombe, 1985; Stitt, 1986). Levels of PGE2 

in cerebral spinal fluid (CSF) are elevated during fever 
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produced by EP, but not during thermoregulatory responses to 

environmental temperatures (Coceani, Bishai, Dinarello & 

Fitzpatrick, 1983; Coceani, Bishai, Lees & Sirko, 1986; 

Dascombe, 1985). Prostaglandins are poor neurotransmitters, 

and may not be the only mediators involved in fever 

(Dinarello, et al., 1988). 

Alternative theories on the physiology of 

thermoregulation include the modulation of the hypothalamic 

set-point by monoamines, and ionic balance. When injected 

into the POAH, serotonin (5-HT) produces an elevated 

temperature and heat-generating responses, while 

norepinephrine (NE) produces heat dissipating responses and 

hypothermia (Myers, 1984). Ionic shifts at the posterior 

hypothalamus have been associated with thermoregulation: 

elevated levels of sodium (Na+) produce hyperthermia; 

elevated levels of calcium (Ca2+) produce hypothermia 

(Myers, 198 4). Bligh (1982) points out the observed ionic 

shifts may relate to the passage of impulses along effector 

pathways, rather than be the cause of set-point changes. 

Much recent work has been devoted to discovering the 

identity of endogenous pyrogen. Several cytokines have been 

investigated: interleukin-1 (IL-1), especially IL-ljS, 

interleukin-6 (IL-6), and tumor necrosis factor-a (TNF) have 

been linked to the febrile response (Bruce & Grove, 1992; 
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Kluger, 1991). Interferon and macrophage inflammatory 

protein-1 are also capable of producing fever (Holtzclaw, 

1992; Kluger, 1991; Styrt & Sugarman, 1990). Microorganisms, 

LPS, and other agents stimulate the production of cytokines 

from immunologically active cells, especially monocytes and 

granulocytes; and, several cytokines stimulate the 

production of each other. (Dinarello, et al., 1988; 

Oppenheim, Ruscetti & Faltynek, 1991). 

Interleukin-1 promotes the release of PGE2 from several 

cell types including monocytes, astrocytes, and vascular 

endothelium (Bernheim, 1986; Kluger, 1991). Antiserum to IL-

1/3 (but not IL-a) significantly reduced lipopolysaccharide-

induced (LPS) fever in rats, accounting for at least 50% of 

the fever (Long, Otterness, Kunkel, Vander & Kluger, 1990). 

Fever induced by IL-1 can be blocked by drugs that inhibit 

prostaglandin synthesis, implying PGE2 is involved in 

producing IL-1 fever (Bernheim, 1986; Kluger, 1991). 

Stimulated monocytes that were exposed to PGE2 had decreased 

IL-1 activity; thus, PGE2 may act as a negative feedback by 

inhibiting monocyte expression of IL-1 (Knudsen, Dinarello & 

Strom, 1986). 

Tumor necrosis factor, IL-1, and LPS induce the release 

of IL-6 from many cell types including monocytes, 

lymphocytes, and endothelial cells (Oppenheim, Ruscetti, & 
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Faltynek, 1991). Interleukin-6 has been shown to produce 

fever, and may actually mediate activities currently 

ascribed to TNF and IL-1 (Oppenheim, Ruscetti, & Faltynek, 

1991). Increased hypothalamic concentrations of IL-6 have 

been found in LPS-induced fever in rats (Klir, Roth, & 

Kluger, 1992). Njisten, De Groot, Ten Duis, Klausen, and 

Aarden (1987), cited by Kluger (1991), found serum IL-6 

concentrations correlated with body temperature in patients 

with severe burns. 

Injection of TNF produces fever in humans and 

laboratory animals (Kluger, 1991). Tumor necrosis factor is 

capable of inducing PGE2 production at the hypothalamus, and 

shares many other properties with IL-1 (Dinarello, et al., 

1988; Oppenheim, Ruscetti, & Faltynek, 1991). However, 

recent studies have found TNF at physiologic levels may act 

as an endogenous antipyretic, attenuating fever. Long, 

Kunkel, Vander, and Kluger (1990) report antiserum to TNF 

enhances LPS fever in rats; and Morimoto, Long, Nakamori, 

and Murakami (1992) found TNF attenuates IL-1/? and LPS 

fevers in rats. 

Several compounds have been shown to act as endogenous 

antipyretics. The neuropeptide arginine vasopressin (AVP) 

has been shown to be antipyretic in several animal models, 

working via V] (vasopressor) receptors (Kasting, 1989; 
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Kluger, 1991; Veale, Cooper, & Ruwe, 1984). Kasting and 

Wilkinson (1987) hypothesize that AVP plays a role in 

preventing fever in neonates. Blood levels of AVP have also 

been positively correlated with the incidence of febrile 

seizures in rats; thus, AVP may mediate febrile seizures 

(Kasting, Veale, Cooper, & Lederis, 1981). 

Another neuropeptide, a-melanocyte-stimulating hormone 

(a-MSH), has antipyretic and immunosuppressive activity; a-

MSH is capable of inhibiting IL-1 (Kluger, 1991; Oppenheim, 

Ruscetti, & Faltynek, 1991). Arginine vasopressin may induce 

the release of a-MSH from the hypothalamus (Kluger, 1992). 

Corticosteroids are also known to suppress fever and inhibit 

IL-1 (Oppenheim, Ruscetti, & Faltynek, 1991; Styrt & 

Sugarman, 1990) . The release of corticosteroids is initiated 

by corticotropin-releasing factor (CRF) from the 

hypothalamus, possibly due to PGE2 or IL-1 activity; CRF 

stimulates the release of adrenocorticotropic hormone 

(ACTH), which activates the release of corticosteroids from 

the adrenal glands (Oppenheim, Ruscetti, & Faltynek, 1991; 

Zeisberger & Merker, 1992). Figure 3 summarizes current 

theories on fever mechanisms. 

Fever Reduction 

Antipyretic medications such as salicylates and 

acetaminophen reduce fever by acting on the hypothalamus, 
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but have no effect on normal body temperature; in 

hyperthermia from external causes where the set point is 

normal, antipyretic medications do not have a beneficial 

effect (Dinarello, 1982; Lorin, 1982; styrt & Sugarman, 

1990). Antipyretics lower the hypothalamic set point in 

pyrogenic fevers by inhibition of PGE synthesis and action 

at the hypothalamus (Dinarello, 1982; Styrt & Sugarman, 

1990). However, this is not the only mechanism of action 

that has been proposed. Antipyretics may compete with EP for 

a neuronal receptor; or, some research indicates that 

antipyretics may instead act by stimulating AVP activity or 

release (Kasting, Veale, & Cooper, 1982; Kluger, 1992). 

The preferred antipyretic for children is acetaminophen 

10-15 mg/kg every 4 hours for a temperature over 39°C; 

aspirin has a higher potential for toxicity and has been 

associated with Reye's Syndrome, and the safety of ibuprofen 

is not yet established (American College of Emergency 

Physicians, 1993; Schmitt, 1984, 1993). The maximum 

temperature decrement (ATmsx) and duration of activity is 

dose dependent; doses of 10 and 20 mg/kg produce maximum 

temperature decrements of 1.6 and 2.0°C at 3 and 4 hours 

post administration, respectively (Temple, 1983) . 

Corticosteroids are also effective antipyretics, but are not 
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administered to reduce fever because they suppress the 

immune system (Styrt & Sugarman, 1990). 

External cooling measures such as tepid sponge 

bathing, ice water or alcohol baths, or cooling blankets 

promote heat loss by increasing conductive, convective, and 

evaporative heat loss (Yaffe, 1980). Exposure increases 

radiant heat loss and may prevent a rise in temperature due 

to the insulation of clothing or covers, but alone is 

insufficient to effect cooling (Yaffe, 1980). Gentle massage 

or vigorous rubbing can increase vasodilation, promoting 

heat loss (Lorin, 1982; Yaffe, 1980). Other methods include 

ice packs, cold enemas, cold saline infusions, and 

peritoneal lavage, but these measures are uncomfortable and 

used only in extreme circumstances (Lorin, 1982). 

Application of external cooling measures during fever is 

uncomfortable because heat-conserving mechanisms such as 

shivering are activated (Lorin, 1982; Stern, 1977). Alcohol 

solutions are contraindicated as poisoning can result from 

inhaling the vapors (Schmitt, 1984). 

Summary 

Fever is part of a complex response by the body to 

infectious and inflammatory stimuli. Pyrogenic material 

stimulates release of endogenous pyrogens which in turn act 

on thermoregulatory centers of the anterior hypothalamus to 
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reset the body's thermostat to a higher level. Effector 

responses are stimulated to increase heat production and 

decrease heat loss. Negative feedback mechanisms and 

endogenous antipyretics downregulate the response, and 

prevent the fever from approaching dangerous levels. During 

defervescence, effector mechanisms promote increased heat 

loss. 

An understanding of the physiology of temperature 

regulation and fever influences clinical judgements about 

when and how to manage fever. While in the case of heat 

stroke or serious illness, cooling is needed urgently, the 

value of routine fever reduction is still controversial. 

Antipyretic medications are the most physiologically sound 

method of reducing fever because they decrease the 

hypothalamic set point, at which time normal cooling 

mechanisms are activated (Kruse, 1988; Schmitt, 1984; Stern, 

1977). External cooling measures are effective but may 

activate heat-conserving mechanisms. Bathing may be most 

beneficial and cause the least discomfort when employed 

after the set point is reduced, and during the defervescence 

phase of fever when vasodilation occurs (Schmitt, 1984, 

1993) . 

As previously reviewed, tepid sponge bathing is 

frequently recommended by healthcare providers and is 

employed by parents to reduce fever in children. If tepid 



sponge bathing is to be recommended as a routine part of 

fever management to promote patient comfort, however, it 

should 1) be a reasonably simple technique to employ, 2) 

increase the amount of cooling over antipyretics alone, and 

3) cause minimal discomfort. 
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CHAPTER 2. 

Review of Literature 

Little research has dealt directly with sponge bathing 

and fever reduction, or comfort level during fever reduction 

procedures. Studies of hyperthermia treatment have examined 

the effectiveness of different cooling techniques in 

experimental settings. Warm and cold applications have been 

evaluated, as well as immersion versus evaporative 

techniques. Management of fever with dehydration may require 

different approaches. Not all methods for clinical 

evaluation of temperature currently in use reflect core body 

temperature. 

Three previous studies have examined the efficacy of 

tepid sponging and antipyretics to reduce fever in children 

(Hunter, 1973; Newman, 1985; Steele, Tanaka, Lara, & Bass, 

1970). The studies were similar in population and setting, 

but varied in methodology and results. Table 1 compares 

methodologies and results from the three studies. 

The purpose of the study by Steele, et al. (1970) was 

to compare the relative effectiveness of bathing with ice 

water, tepid water, and an alcohol and water solution in 

conjunction with antipyretics for cooling febrile children. 

For conceptual validation, the investigators stated that 

fever should be reduced for comfort and to prevent febrile 
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TABLE 1. 

Comparison of Three Fever Studies 

Sludv bv author 

Steele, ct al. Hunter Newman 
(1970) (1973) (1985) 

Setting pediatric clinic emergency department emergency department 

sample size N = 130 N = 67 N = 137 

age range 
M = mean 

6 mo. - 5 yr. 
M = 26 mo. 

6 mo, - 5 yr. 
M = ? 

3 mo. - 2 yr. 
M =1.04 - 1.14 

inclusion criteria rectal T = 39.4°C 

febrile illness 
< 3 days duration 

rectal T > 39.5<>C 
or 39.0°C orally 

rectal T £ 39.0°C 

exclusion criteria antipyretics within 
4 hours prior to 
arrival 

gastroenteritis, 
dehydration, or obvious 
need for antibiotics 

receiving antibiotics or 
too ill to delay treatment 

randomization cards specifying 
treatment in scaled, 
serially numbered 
envelopes 

not specificd 
even-numbered F,D 

admitting numbers 

assigned to treatment 

group 

thermometry rectal; mercury 
thermometer 

rectal & oral; type not 
specified 

rcetal; mercury 
thermometer 

treatment regimens 1) placebo & no 
sponging 

2) placebo & tepid 
sponging 

3) acetaminophen 
alone 

4) acetaminophen & 
tepid sponging 

5) acetaminophen & 
icc water 

6) acetaminophen & 
HjO/alcohol 

1) placebo 

2) ASA 

3) acetaminophen 

4) acetaminophen &. 
tepid bath 

5) tepid bath 

1) acetaminophen 
only 

2) acetaminophen 
&. tepid bath 

bath water temperature tepid water = 
29.4°C - 32,2°C 
icc water = 

4.4°C - 10.0°C 

tepid water = 
30.0°C 

tepid water = 

felt neutral to 
nurse's elbow 
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TABLE 1.-Continued 

Studv bv author 

Steele, ct al. Hunter Newman 
(1970) (1973) (1985) 

Environment 
(temperature & 
humidity) 

roam temperature 
averaged 25.5°C 

humidity 69 - 74% 

room temperature 
21°C to 22°C 

humidity 50-55% 

not measured 

Acetaminophen 
dosage 

based on age 

6 - 1 8  m o .  8 0  m g  
18 - 30 mo. 160 mg 
30 - 48 mo, 240 mg 

48 - 60 mo. 320 mg 

acetaminophen alone 
group 
5-10 mg/kg 

acetaminophen & 
tepid bath group 

5-12 mg/kg 

5 - 1 0  m g / k g  
given if no antipyretic 
mcdication or 
inadequate dose had 
been given within 4 

hours prior to arrival to 

ED 

Procedure placed on rubber mat, 
trunk & extremities 
continuously sponged 

temperature & signs of 
discomfort observed 
every 15 minutes until 
endpoint of 38.3°C or 2 
hours elapsed 

sponge bathing not 
described 

vital signs & signs of 
discomfort observed 
every 30 minutes for 4 
hours or until T 
decreased by 1,5°C 

placed in basin of tepid 
water; head, facc & 
body continuously 
sponged for 20 minutes 

temperature rcchccked 
30 minutes after 
bathing, or 50 minutes 
after initial temperature 
for control group 

Statistical analysis Mann-Whitney U 
nonparametric test 

alpha = .05 

X1 for discomfort levels 

X3 2 X 2 contingency 
table 

significance level not 
stated 

t-tcst for independent 
means 

alpha = 0.05 

Results acetaminophen + ice 
water sponging cooled 
fastest but with greatest 
discomfort 

X1 p < 0.001 

acetaminophen + tepid 

sponge bath coolcd faster 
than acetaminophen 
alone 

ASA, acetaminophen, & 
acetaminophen + tepid 
sponging produced 
significant results 
compared to placebo 
group 
p = 0.001, 0.005, & 

0.001, respectively 

tepid sponging alone 
significant at 0.05 level 

null hypothesis 
supported 

p < 0.05 

power to reject 0.3"C 
difference with 95% 
probability of being 
correct 

(calculated power not 
stated) 
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seizures (38.3°C was stated as the temperature below which 

febrile seizures were less likely to occur), but no current 

research comparing various sponging solutions currently in 

use was available. 

The study group used a quasi-experimental design with a 

convenience sample of 137 pediatric patients who presented 

to a pediatric clinic with a rectal temperature of 39.4°C or 

higher. The subjects were randomized into six groups by 

opening serially numbered envelopes containing cards 

indicating the assigned regimen. Subjects received either 1) 

placebo and no sponging, 2) tepid sponging alone, 3) 

acetaminophen alone, 4) acetaminophen and tepid sponging, 5) 

acetaminophen and sponging with ice water, or 6) 

acetaminophen and sponging with a solution of equal parts 

70% isopropyl alcohol and tepid water. Acetaminophen doses 

were based on the child's age; oral fluids were encouraged. 

"Tepid" was defined as 29.4 to 32.2°c. Environmental 

temperature and humidity were recorded but not controlled. 

Rectal temperatures were taken with a mercury 

thermometer placed 3 cm into the rectum for 3 minutes. 

Temperatures were recorded initially and every 15 minutes 

thereafter. Sponging was performed continuously without 

wetting the head or face. The subjects were observed every 

15 minutes for signs of discomfort: shivering, crying, 

"goosebumps", pallor, or cyanosis. Comfort was graded as 
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good, fair, or poor based on crying and resistance to the 

procedure. The procedure continued until the temperature 

fell to 38.3 °C or until the two hour observation period 

passed. 

The sample size was appropriate, treatment groups were 

similar with respect to age, sex, and etiology of the fever; 

Group 6 had a slightly lower initial temperature. Pair-wise 

comparisons were made between treatment groups at each time 

interval using Mann-Whitney U test, significance was set at 

the .05 level. Comfort level between groups was compared 

using chi-square analysis (p < 0.001). The results indicated 

the greatest cooling and the greatest discomfort in the ice 

water and alcohol solution groups while the placebo group 

experienced no reduction in fever. The tepid sponging with 

acetaminophen had greater cooling than the acetaminophen or 

tepid sponging alone. Reported discomfort levels were 

similar for the placebo and acetaminophen only groups, the 

tepid sponging only and the acetaminophen plus tepid 

sponging groups, and the ice water and alcohol solution 

groups. In the groups that were sponged, smaller children 

with relatively greater body surface area had more rapid 

cooling. 

Strengths of the study included adequate statement of 

purpose, sample size, randomization, and standardization of 

the sponging procedure. The observations about the cooling 
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effect of various solutions are important, but not all are 

generalizable to current practice; for instance, alcohol 

solutions are no longer recommended because of the risk of 

toxicity (Schmitt, 1984). Other limitations include poor 

conceptual definitions and methodological problems. 

The term "relative effectiveness" was not defined. Does 

effectiveness relate to rapidity of cooling, degrees of 

change in temperature, or both? Acetaminophen doses based on 

age instead of weight could result in significant over or 

underdosing for some patients. The variable dosing may have 

affected the results of this study, as the onset and maximum 

temperature reduction following acetaminophen administration 

is dose dependent (Temple, 1983). Continuous sponging for up 

to 2 hours would be difficult and impractical to replicate 

in the clinical or home setting unless temperature reduction 

was urgent. The Mann-Whitney U nonparametric test was 

selected for data analysis; however, the data also met 

criteria for parametric analysis in regards to sample 

distribution, randomization, and interval level measurement 

(Burns & Grove, 1987). 

Hunter (1973) stated the relative merits of drug 

therapy and tepid sponging for treating febrile children 

were untested. The purpose of the study was to compare the 

relative efficiency of various antipyretic regimens. The 

study used a quasi-experimental design. A convenience sample 



52 

of 67 children ages 6 months to five years who presented to 

the emergency department with rectal temperatures over 

39.5 °C were assigned to receive 1) a placebo, 2) aspirin, 3) 

paracetamol (acetaminophen) 5-10 mg/kg, 4) paracetamol 5-12 

mg/kg plus tepid sponging, or 5) tepid sponging alone. 

"Tepid" was defined as 30°C. Temperatures were repeated at 

30 minute intervals; subjects were observed for 4 hours or 

until a temperature drop of l.5°C occurred. Signs of 

discomfort were recorded every 3 0 minutes; and room 

temperature and humidity were controlled. 

The placebo group was abandoned after six subjects 

failed to show a response and the remainder were randomized 

to the other four treatment groups. The study concluded 

there was a significant difference between the placebo group 

and the other four treatment groups (p values ranging from 

0.001 to 0.005), with the sponging alone group producing 

less of a difference (p = 0.05). The addition of tepid 

sponging to antipyretic medication gave no significant 

additional benefit. 

The sample size was adequate, but methodological and 

statistical problems limit the conclusions that can be drawn 

from this study. Conceptually, Hunter (1973, p. 314) 

acknowledged that fever reduction was controversial, but 

argued that antipyresis was to protect from "the ever 

present risk of a febrile convulsion." The rationale for 



53 

defining a response to treatment as a 1.5°C drop in 

temperature was not explained. The method of randomization 

and the sponging technique were not described, nor is it 

stated whether the groups were similar in age or initial 

temperature. Acetaminophen doses were inconsistent between 

the groups, and subtherapeutic (less than 10 mg/kg) 

(American College of Emergency Physicians, 1993; Temple, 

1983) . 

The author states the treatment groups were compared to 

the placebo group using a chi-square 2X2 contingency 

table. The placebo group was small (N=6), however, and the 

chi-square test is not appropriate for repeated measures 

(Burns & Grove, 1987). Results for the discomfort 

observations were not reported. 

Newman (1985) used a quasi-experimental design to study 

the efficacy of tepid sponging in conjunction with 

antipyretics for cooling febrile children over antipyretics 

alone. The author attempted to replicate sponge bathing as 

it is usually done in clinics or by parents. The subjects 

were a convenience sample of 130 children, 3 months to 2 

years of age, who presented to the emergency department with 

a temperature of 39.0°C or greater. Subjects were assigned 

to receive acetaminophen, or acetaminophen with tepid sponge 

bathing based on whether their ED admitting number was odd 

or even. Those with even numbers were sponge bathed over 
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their head, face, and body with a moist washcloth for 20 

minutes. "Tepid" was defined as "feeling neutral to the 

nurse's elbow." Acetaminophen 5-10 mg/kg was given if the 

child had received no medication, or had an inadequate dose 

of antipyretic within 4 hours prior to arrival to the ED. 

Temperatures were taken initially and 30 minutes following 

sponging or 50 minutes after the initial temperature using a 

mercury rectal thermometer. 

Data were analyzed using a two-tailed t-test of 

independent means with significance at the 0.05 level. The 

two groups were similar in age, sex, and timing of 

antipyretic dose. Conceptually, the author argued that 

temperature reduction is controversial, and that physical 

removal of heat is physiologically inappropriate in fever 

caused by infectious illness. The study found no significant 

difference in temperature change between groups that 

received antipyretics and sponge bathing, or antipyretics 

alone. The author recommended abandoning sponge bathing in 

routine care of febrile children. Although the sample size, 

randomization, and statistical analysis are appropriate for 

the data, the study lacks control of many significant 

variables. 

The study did not control for type of antipyretic 

medication or timing of dose in relation to sponge bathing; 

aspirin or acetaminophen may have been given as much as 4 
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hours prior to arrival. This is significant considering the 

small doses of antipyretics used. The duration of effect for 

acetaminophen is dose related: A 5 mg/kg dose of 

acetaminophen peaks in 1 to 2 hours, and a 10 mg/kg dose 

peaks around 3 hours (Temple, 1983). Thus, the antipyretic 

effect was probably declining in some children, and peaking 

in others. "Tepid" bath water temperatures were uncontrolled 

and may have varied widely. Environmental temperature and 

humidity were not mentioned in the data collection. Lack of 

reliable data collection threatens conclusions drawn from 

this study. 

In all three studies, sponge bathing was started before 

the antipyretic had taken effect. This may have contributed 

to higher discomfort measures as the body would still be 

responding to an elevated hypothalamic set point when 

bathing was started. Although onset and duration of 

temperature reduction is dose related, acetaminophen 

produces a noticeable decline in temperature within 30 

minutes of doses of 5, 10, or 20 mg/kg (Temple, 1983). Only 

Steele, et al. (1970) reported on discomfort measures; 

however, Newman (1985) reported stopping the bathing 

procedure in seven children for shivering. 

A study by Caruso, Hadley, Shukla, Frame, & Khoury 

(1992) compared comfort and the cooling effects of cooling 

blankets at four different temperature settings. Eighty-nine 
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febrile adults were randomized to four groups with blanket 

temperature settings of 7.2, 12.8, 18.3, or 23.9°C. The four 

groups were compared for time to cool to a rectal 

temperature of 38.9°C; self-perceived discomfort; shivering; 

and afterfall, or decrease in body temperature after removal 

of the cooling blankets. Discomfort was measured using a 

visual analogue scale: a 100 mm line labeled comfortable on 

the left and extremely uncomfortable on the right. The 

authors do not specify when the discomfort measurement was 

administered. 

Caruso, et al. (1992) report time to cool did not 

differ significantly between warmer or cooler blanket 

temperatures. The group means for time to cool ranged from 

79 to 104 minutes. The discomfort scores for the 18.3°C and 

23.9°C groups were significantly lower than the 7.2°C group 

(p < .05), and overall there was a clear trend for greater 

comfort at warmer blanket temperatures. Shivering did not 

differ significantly between the treatment groups. Duration 

and amount of afterfall increased with warmer blanket 

temperatures and the presence of perspiration. The authors 

concluded warmer blanket temperatures are as effective as 

cooler temperatures for reducing fever, while being more 

comfortable for the patient. 

Similar results were found in a study that compared 

different cooling methods for experimentally induced 
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hyperthermia (Wyndham, Strydom, Cooke, Maritz, Morrison, 

Fleming, & Ward, 1959). Six subjects were exercised in a 

climactic room until their rectal temperatures reached 40 °C. 

Cooling rates were compared for six different cooling 

methods which included evaporative cooling at different air 

temperatures, evaporative cooling with forced air 

convection, and cold water immersion (14.4°C). All 

treatments were applied for 60 minutes. 

The most rapid cooling (reported in °F/min) was 

achieved when the subjects were continuously wetted with 

water at 30.5°C and exposed to continuous air flow (0.13 

°F/min) (Wyndham, et al., 1959). Immersion in cold water 

cooled subjects more slowly (0.09 °F/min) than any 

evaporative method that included wetting the skin. Cold 

water immersion caused intense cold sensations in all 

subjects despite high rectal temperatures, and also induced 

shivering in some subjects. 

Another study confirmed warm water temperatures more 

rapid at cooling body temperature than cold water immersion 

(Weiner & Khogali, 1980). The researchers developed a method 

for treating heatstroke victims using evaporative cooling. 

Six subjects were exercised in plastic suits to induce 

hyperthermia to 39.5°C. The subjects then lay on a net 

suspended over a bath. A fine mist of cool water (15°C) was 
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blown by warm air (45°C) at 0.5 ms*1 to produce evaporative 

cooling at a skin temperature of about 32-33°C. This 

technique was compared to: a control group; cold water 

immersion (15°C); lying on a 20°C water mattress; and the 

cool water mist technique at air temperatures of 20, 35, and 

40 °C. 

The results of the study showed that cold water 

immersion does not produce faster cooling than evaporative 

techniques (Weiner & Khogali, 1980). The cold water 

immersion was abandoned after three subjects found it 

unbearably cold and shivered continuously. The rate of 

cooling (°C/min) gradually decreased for cool water 

techniques due to progressive vasoconstriction, whereas skin 

blood flow remained high for warm water spray techniques. 

Subjects cooled more rapidly and comfortably when the vapor 

pressure gradient from skin to air was maximized, and skin 

temperature was kept at 30-35°C. 

Animal studies have also demonstrated warmer 

temperatures are as effective as cooler temperatures at 

reducing body temperature. Magazanik, Epstein, Udassin, 

Shapiro, and Sohar (1980) investigated the cooling time and 

rate in water temperatures ranging from 1 to 25°C for 40 

heatstroked dogs. Cooling rate was expressed as kcal x m"2 x 

min"1. Immersion in tap water (16°C) cooled heatstroked dogs 
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in the same time and at the same rate as ice water (1°C). 

Water temperatures of 18 to 25°C cooled the dogs effectively 

but less rapidly than temperatures of 1 to 16°C (p < 0.001). 

The authors assert that there is an optimum body-environment 

gradient for heat loss. Larger gradients result in shivering 

and heat production, and reduce heat loss because of 

peripheral vasoconstriction. 

Dehydration may affect fever and response to fever 

reduction measures. A 10% fluid loss occurs for every 0.5 to 

1°C rise in temperature due to increased losses from the 

respiratory tract and through sweating (Holtzclaw, 1992; 

Reeves-Swift, 1990). Fever usually results in isotonic 

dehydration (desiccation); however, dehydration with 

hypernatremia, as can occur with diarrhea, can raise the 

thermostatic set point (Holtzclaw, 1992). Morimoto, 

Murakami, Ono, and Watanabe (1986) found dehydration 

increased endotoxin induced fever in rats, possibly by 

increased EP production. Dehydration results in 

vasoconstriction and decreases heat loss. Aynsley-Green and 

Pickering (1975) caution that tepid sponging febrile 

children without rehydration may aggravate the 

vasoconstriction and result in increased core temperatures. 

The authors recommended fluid replacement should be part of 

fever management. 
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Aynsley-Green and Pickering (1973) reported several 

cases where simultaneous central and peripheral temperature 

measurements were used to manage dehydration and fever in 

children. The authors state a wide gradient between the 

central and peripheral temperatures reflects 

vasoconstriction and possible hypovolemia. Temperatures were 

monitored using a rectal probe and a skin probe placed on 

the lateral great toe. In one case, a well-hydrated child 

with fever had a difference in the central and peripheral 

temperatures of 4°C, and was treated with sponge bathing and 

fanning without distress. 

In a second case, a dehydrated febrile child had a 

central-peripheral temperature difference of 10.5°C 

(Aynsley-Green & Pickering, 1973). With sponge bathing and 

fanning, the temperature difference increased to 15.5°C and 

the child was shivering. When the child's treatment was 

changed to a heated room, a cover over the child, and oral 

rehydration, there was a drop in the rectal temperature and 

narrowing of the central-peripheral temperature difference. 

The authors state the simultaneous temperature technique is 

useful for guiding treatment of fever and hypovolemic 

states, such as shock. The routine application of external 

cooling in cases of fever may be inappropriate (Aynsley-

Green & Pickering, 1973; 1974). 
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Accurate body temperature measurement is important in 

clinical practice. Traditionally, a glass mercury 

thermometer or an electronic thermometer is used to measure 

temperature in a sublingual pocket, in the axilla, or in the 

rectum (Nobel, 1992). However, these sites may not reflect 

core body temperature, the temperature at the hypothalamus 

(Benzinger, 1969; Ferrara-Love, 1991; Nobel, 1992). 

Esophageal, pulmonary artery, and tympanic membrane 

temperatures are considered the most accurate measures of 

core body temperature {Benzinger, 1969; Nobel, 1992). The 

tympanic membrane reflects the temperature at the 

hypothalamus because both areas share blood supply from the 

internal carotid artery (Nobel, 1992). Tympanic temperatures 

have been shown to correlate well with esophageal and 

pulmonary artery readings (Benzinger, 1969; Nobel, 1992; 

Shinozaki, Deane, & Perkins, 1988; Wilson, Knapp, Traber, & 

Priano, 1971). 

Many factors can interfere with accurate temperature 

readings. Oral temperatures are affected by ingestion of 

liquids and probe placement; axillary temperatures are 

affected by alterations in skin blood flow (Kresch, 1984; 

Nobel, 1992). Rectal temperatures may be higher than core 

temperatures and reflect changes in core temperature more 

slowly due to insulation by stool in the rectum, and 

distance from the central nervous system and large central 
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vessels; Benzinger (1969) stated that if rectal temperatures 

differ from core readings, it is the rectal reading that is 

in error. Rectal thermometers also carry the risk of cross 

contamination and rectal perforation (Benzinger, 1969; 

Nobel, 1992). Tympanic probes are less invasive than 

esophageal or rectal probes, but probes that directly 

contact the tympanic membrane carry the risk of perforation 

(Ferrara-Love, 1991; Nobel, 1992). 

The newest tympanic thermometers have a probe which 

detects infrared radiation without directly contacting the 

tympanic membrane (Ferrara-Love, 1991; Nobel, 1992). The 

probe with a disposable cover is placed in the outer ear 

canal and directed toward the tympanic membrane. The 

infrared tympanic thermometers minimize the potential for 

cross contamination and have few contraindications compared 

to other sites (Benzinger, 1969; Nobel, 1992). Readings are 

not significantly affected by the presence of cerumen, 

tympanostomy tubes, or otitis media (Kelly & Alexander, 

1991; Pransky, 1991; Terndrup & Wong, 1991). 

The accuracy of infrared tympanic thermometer readings 

is technique dependent. Improper aiming of the probe, or 

obstruction by curvature of the ear canal can result in 

erroneous readings (Nobel, 1992; Pransky, 1991). External 

cooling or heating of the head can affect tympanic readings 

due to countercurrent heat exchange between arteries and 
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veins of the head and neck region (Doyle, Zehner, & 

Terndrup, 19 92; McCaffrey, McCook, & Wurster, 1975; Zehner & 

Terndrup, 1991). Within these limitations, infrared tympanic 

thermometers offer rapid noninvasive assessment of core 

temperature in the clinical setting. 

Summary 

Based on the available research, no conclusions can be 

drawn regarding fever reduction achieved with tepid sponge 

baths in conjunction with antipyretics, over antipyretics 

alone. Continuous sponging for up to 2 hours is impractical, 

and not consistent with current practice. Although Newman 

(1985) attempted to replicate current practice, lack of 

methodological control threatens conclusions drawn from that 

study. The data from Steele, et al. (1970) and Hunter (1973) 

demonstrate that body temperature can be lowered by sponging 

alone, which may be of value in children for whom 

antipyretic medications are contraindicated. 

The results of studies using cooling blankets, and in 

treating hyperthermia suggest warmer temperatures that do 

not activate heat-conserving mechanisms are at least as 

effective as cooler temperatures at reducing temperature. 

Results from studies on hyperthermia may not be replicable 

in the setting of fever, however, because fever involves an 

altered set point. In the setting of dehydration, warmer 
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temperatures may be more appropriate. Maintenance of 

adequate hydration is an important part of fever management 

to replace fluid losses and prevent hypovolemic 

vasoconstriction. Core temperature assessment in the 

clinical setting may be most readily achieved with 

noninvasive tympanic thermometers. 
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Methodology 

The study evaluated the cooling effect of antipyretics 

alone, and antiypyretics in conjunction with tepid sponge 

bathing, and compared the amount of discomfort between the 

two cooling techniques using a quasi-experimental design. 

Hypotheses 

The null hypotheses were: 1) there is no difference in 

the overall temperature change in °C in febrile children 

treated with antipyretics alone, and antipyretics with tepid 

sponge bathing; 2) there is no difference in the amount of 

discomfort experienced by febrile children receiving 

acetaminophen alone, or acetaminophen and a tepid sponge 

bath. 

Subjects and Setting 

Twenty subjects between 5 and 68 months of age who 

presented to the Tucson Medical Center Urgent Care or 

Emergency Department with a chief complaint of fever and a 

rectal temperature > 38.9°C were be solicited for the study. 

The upper age limit reflected the size of child that could 

be bathed in a plastic tub. The choice of 38.9°C as the 

entry temperature reflected the threshold for treatment of 

fever, and maximized available subjects (Schmitt, 1993}. 

Exclusion criteria included: 1) receiving an antipyretic 
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within 4 hours prior to presentation; 2) severe illness 

requiring immediate antibiotic therapy; 3) suspected 

hyperthermia (nonpyrogenic fever); 4) language or 

communication barrier that precluded obtaining informed 

consent from the parent; parents were asked to read and sign 

a consent form (Appendix A). 

Human Subjects Review 

The study was conducted with the approval of Tucson 

Medical Center's Human Subjects Committee, and the approval 

of the University of Arizona Human Subjects Committee 

(Appendix B). The major risk related to participation in 

this study was discomfort associated with tepid bathing. A 

potential benefit was the constant attendance of the nurse 

investigator. 

Procedure 

Pilot 

A pilot study was conducted to establish the stability 

of the tympanic thermometer. The study was conducted on 

October 27, 1993 using a convenience sample of five adult ED 

employees. The investigator and two assistants served as 

raters. All three raters had been previously inserviced on 

the FirstTemp Genius® thermometer by a Sherwood Intelligent 

Medical Systems representative. The pilot study consisted of 

a convenience sample of 5 adult subjects. Each rater took 
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three test temperatures in each ear of the same 5 subjects. 

At least two minutes was allowed between temperatures to 

avoid "draw down" (cooling of the tympanic temperature by 

the thermometer probe). The procedure took one hour. 

Study Protocol 

The study period lasted 2 hours. All procedures were 

carried out by the investigator. Children were undressed to 

their diapers; weight and height were measured, and body 

surface area was calculated. Oral fluids were freely 

encouraged during the procedure. The subject's discharge 

diagnosis was recorded. All data was recorded on the data 

collection sheet (Appendix C). 

Randomization 

Subjects were randomly assigned to receive 1) 

acetaminophen alone, or 2) acetaminophen with tepid sponge 

bathing. In order to achieve random assignment to the 

treatment groups, 2 0 shuffled cards with the treatment 

written on the card were sealed in serially numbered 

envelopes; there were 10 cards for each treatment group. At 

the start of each treatment the next envelope in order was 

opened to determine the assigned group. 

Temperatures 

Tympanic temperatures were checked initially and at 3 0 

minute intervals for the duration of the 2 hours; a total of 

5 temperatures were recorded. Tympanic temperatures were 
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taken using the FirstTemp Genius®; the probe was placed over 

the outer opening of the ear canal (sealing the outer 

opening) and with the tip directed toward the tympanic 

membrane. 

Antipyretic Dose 

All subjects received a 15 mg/kg acetaminophen dose 

orally or rectally after their temperature was taken. 

Physician's order for the acetaminophen were obtained from 

the on-duty ED or UC physician, or by department protocol 

(standing orders). 

Tepid Sponge Bath 

Bathing was started 30 minutes after the dose of 

antipyretic and continued for 15 minutes. Water temperature 

was adjusted to 31.1° - 33.3°C. The child was seated in a 

plastic tub with two inches of tepid water and continuously 

sponged using a washcloth to distribute the water over the 

head, trunk, and extremities. 

Discomfort Measures 

The children were monitored for signs of distress 

including crying, shivering and "goosebumps". Assessments 

were made every 15 minutes throughout the study period, and 

every 5 minutes during the bathing procedure for a total of 

11 observations. Each symptom present was noted with a check 

or tick on the data collection sheet (see Appendix C). 
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Environment 

The room temperature was adjusted to between 23.9 and 

27.2°C. Room humidity was recorded. 

Instruments 

Tympanic Thermometer 

The FirstTemp Genius® thermometer was provided by 

Sherwood Intelligent Medical Systems, Carlsbad, California. 

Calibration was done at the start of the study by the 

manufacturer. The thermometer has an accuracy of ±0.1°C at 

35.6-38.9°C; and a temperature range of 15.6-4 0°C; and meets 

ASTM E1112-86 specifications (manufacturer's literature). 

The thermometer was set in the tympanic mode, and to core 

equivalency setting. 

Sling Psychrometer 

Room temperature and humidity were measured using a 

sling psychrometer from Taylor® Thermometer Corporation of 

America, Fletcher, NC. The sling psychrometer consists of a 

wet bulb and dry bulb mercury thermometer. The thermometers 

were factory calibrated with an accuracy of ±0.5°C. Wet-bulb 

and dry-bulb temperatures were recorded and relative 

humidity was determined by comparing the wet- and dry-bulb 

readings on a Relative Humidity Table (manufacturer's 

literature). 
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Bath Water Thermometer 

A factory calibrated Sunbeam® liquid thermometer was 

used for measuring bath water temperature. The temperature 

correlated with the psychrometer's dry-bulb temperature. 

Height Measurement 

Height measurements were taken by laying the subject on 

a paper-covered hard flat surface; holding a pencil 

perpendicular to the paper, the crown and heel positions 

were marked with the subject in straight alignment, knees 

fully extended. The distance between the two marks was 

measured in centimeters using a tape measure. 

Scale 

All subjects were weighed on an Olympic Smart Scale™ 

Model 50. The scale is accurate to one ounce, has a weight 

capacity of 25 kg, and displays weight to the nearest 0.02 

kg. The scale is automatically rezeroed when turned on, and 

was rezeroed prior to each weight measurement. 

Body Surface Area 

The height and weight measurements were used to 

calculate body surface area on a nomogram. 

Discomfort Measurement 

Shivering, crying, and "goosebumps" were monitored as 

indicative of discomfort (Appendix C). Content validity is 

established for these items; they have been previously used 

as discomfort measures, and are cited in the literature as 
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indicators of discomfort associated with application of 

external cooling during fever (Hunter, 1973; Kilmon, 1987a; 

Steele, 1970; Stern, 1977). Each occurrence of each symptom 

was given a score of one. The scores were totalled to 

indicate the amount of discomfort experienced at each of the 

11 observation occasions. The possible score ranged from 0 

to 3 . 

At the end of the bathing period, the parents were 

asked to rate their perception of the child's comfort level 

using an anchored 0-10 Discomfort Scale with 0 no 

discomfort. and 10 extreme discomfort. Parents were shown 

the scale but the investigator marked their choice (Appendix 

C) . 

Data Analysis 

Pilot Study 

The data obtained from the pilot study were evaluated 

using generalizability theory (Brennan, 1983). PROC VARCOMP 

in SAS was used to compute variance component estimates for 

the variable temperature due to the effects of subjects, 

raters, occasions, and sides (left and right ears). 

Stability of the thermometer readings was estimated by 

calculating a generalizability (reliability) coefficient for 

temperature from the variance component estimates. 



Statistical Analysis 

Demographics 

Descriptive statistics on demographic data were 

calculated for each treatment group. Group equivalence on 

the variables of age, gender, weight, body surface area, 

initial temperature, room temperature and humidity, and 

diagnosis were determined by chi-square test of 

independence, and t-test for independent samples. 

Significance was set at 0.05 level. 

Hypotheses 

Hypothesis 1, no difference between the two treatment 

groups on overall temperature change, was tested using a 

repeated measures ANOVA with treatment group as the between 

subjects factor and time as the within subjects factor. 

Level of significance for rejecting the null hypothesis was 

p < .05. Post hoc analysis was conducted when significant 

group-effect was detected to identify the specific treatment 

effect on temperature change. 

Hypothesis 2, no difference between the two treatment 

groups on measures of discomfort, was tested using a 

repeated measures ANOVA with treatment group as the between 

subjects factor and time as the within subjects factor. 

Level of significance for rejecting the null hypothesis was 

p < .05. Post hoc analysis was conducted when a significant 
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group effect was detected to identify the specific treatment 

effect on discomfort level. 

Discomfort Scale Measures 

Equivalence of Discomfort Scale scores between the 

treatment groups was determined by t-test for independent 

samples. Significance was set at 0.05 level. 

Summary 

The study methodology assured randomization of 

subjects, and controlled the antipyretic dosage, room 

temperature, and the timing and temperature of the sponge 

bath. Computerized statistical analysis of the data was 

carried out using SAS and SPSS statistical programs. Results 

of the study are presented in Chapter 4. The study results 

have limited generalizability, however, because of the small 

convenience sample used. Other limitations of the study are 

discussed in Chapter 5. 
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CHAPTER 4. 

Results of the Study 

Pilot Study Results 

Two PROC VARCOMP procedures in SAS were used to 

estimate the temperature score variance due to the effects 

and interactions of the components: subject, rater, 

occasion, and side (left or right ear). All effects were 

assumed to be random. Initial examination of the results 

from the Type 1 SS procedure for the estimation of these 

variance components determined that the majority of score 

variability was due to differences among subjects, and 

variance due to raters was negligible. However, several 

variance components were close to zero and negative. 

Therefore, because calculating the generalizability 

coefficient is statistically problematic when there are 

negative values, the Restricted Maximum Likelihood (REML) 

procedure was performed to calculate the variance 

components. The REML procedure constrains variance 

components to be non-negative. These variance component 

estimates are presented in Table 2. 

The reliability of a temperature reading for one side, 

on a single subject, on one occasion, by a single rater was 

calculated by dividing the subject variance component by the 

total of all other variance components. This yielded a 
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TABLE 2. 

Variance Component Estimates for Temperature 

SOURCE OF 
VARIANCE 

VARIANCE COMPONENT 
ESTIMATE 

Subject 

Rater 

Subj ect*Rater 

Side 

Subject*Side 

Rater*side 

Subject*Rater*Side 

Time 

Subject*Time 

Rater*Time 

Sub j ect*Rater*Time 

Side*Time 

Subject*Side*Time 

Rater*Side*Time 

Subject*Rater*Side*Time 

0.48824118 

0 

0 

0 

0.00141074 

0.00470922 

0 

0.00597238 

0 

0 

0.00465382 

0.00082522 

0.00111918 

0.00040873 

0.01585241 
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reliability coefficient of .933. No other reliability-

coefficients were calculated as the expected result would be 

.933 or higher. 

Demographic Data Results 

The study sample consisted of 20 pediatric patients who 

presented to the ED or UC with fever > 38.9°C between 

November 1, 1993 and January 24, 1994. Two children were 

seen at the UC, and 18 were seen in the ED. All children had 

consent forms signed by a parent or legal adult guardian. 

The children were randomly assigned to receive 1) 

acetaminophen alone; or 2) acetaminophen and sponge .bathing. 

All procedures were carried out by the investigator. 

Demographic and procedural data were analyzed using SPSS 

statistical data analysis computer system. 

The descriptive statistics and t-tests for independent 

samples for the demographic data are presented in Table 3. 

The two groups were similar in gender, age, weight, body 

surface area, and initial tympanic temperature. Ranges for 

Group 1 are wider because of one outlier. Gender was equally 

distributed between treatment groups: there were five males 

nd five females in each group (x2 = 0.00, df = l, p = 1.0). 

Average room temperature for both groups was 25.7°C, and the 

average bath water temperature for the sponge baths was 

33.0°C (range = 32.3-33.3°C). 
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TABLE 3. 

Descriptive Statistics and t-Tests for Independence for 

Demographic Data bv Group 

Variable Group mean SD range 
t-

value d£ signif. 

Age in 1 23.40 19.24 7.00-68.00 0.95 18 0.352 
months 2 16.90 9.67 5.00-33.00 

Weight 1 11.41 3.82 8.20-20.28 1.15 18 0.264 
(kg) 2 9.84 2.01 6.62-12.30 

BSA 1 0.54 0.14 0.42-0.88 1.07 18 0.297 
(m!) 2 0.49 0.08 0.37-0.50 

Initial 1 39.77 0.54 39.0-40.8 0.07 18 0.942 
Temp °C 2 39.75 0.67 38.9-41.0 

Room 1 25.48 0.67 24.0-26.1 -1.03 18 0.317 
Temp °C 2 25.81 0.76 24.4-27.2 

Room 1 34.00 3.13 27.0-37.0 -1.88 12.76 0.082 
Humid-% 2 38.40 6.69 31.0-51.0 

Group 1 = Acetaminophen Only (n=10) 
Group 2 = Acetaminophen & Spongebath (n=10) 
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The average room humidity was somewhat higher in the 

sponge bath group compared to the acetaminophen only group 

(38.4°C and 34.0°C, respectively; p = 0.082). However, while 

the sponge bath group had three humidity readings above 40% 

(44, 46, and 51%), the remainder of the readings ranged 

between 31 and 38%. This range is similar to the 

acetaminophen only group, 30 to 37% (minus one low outlier 

of 27%). 

Discharge diagnoses are presented in Table 4. Diagnoses 

were categorized for analysis. Fifty-five percent of the 

children had otitis media, 3 0% had respiratory tract 

infections, and another 15% had viral syndromes; 25% had 

other diagnoses, including two subjects with febrile 

seizures. A few subjects had multiple problems so reported 

percentages do not add up to 100. Chi-square analysis on the 

diagnostic categories showed no significant differences 

between the treatment groups based on discharge diagnoses 

(X2 « 3.985, df a 3, p = 0.263). 

Hypotheses 

Hypothesis l 

Hypothesis 1, no difference in overall temperature 

change between treatment groups, was tested using a repeated 

measures ANOVA; data analysis was carried out using SPSS 

MANOVA procedure. Two cases from the sponge bathed group 
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TABLE 4. 

Discharge Diagnoses by Group 

Total By Group 
Diagnosis 1 2 

N= 20 N= 10 N= 10 
f % f % f % 

Otitis Media 11 55 4 40 1 70 

Respiratory Tract 
Infections 6 30 5 50 1 10 

URI 1 5 0 0 1 10 
bronchitis 1 5 1 10 0 0 
bronchiolitis 1 5 1 10 0 0 
common cold 1 5 1 10 0 0 
pharyngitis 2 10 2 20 0 0 

Viral svndrome/ 
Viremia 3 15 2 20 1 10 

Other 5 25 2 20 3 30 

dehydration 1 5 0 0 1 10 
stomatitis 1 5 0 0 1 10 
febrile seizure 2 10 1 10 1 10 
sinusitis 1 5 1 10 0 0 

Group 1 = Acetaminophen only 
Group 2 = Acetaminophen & Sponge bath 
f N because of multiple diagnoses in some cases 
p = 0.263 
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were not included in the analysis because of erroneous 

temperatures at Time 2 (one temperature omitted; one taken 

five minutes into the bath). The temperature means over time 

by group are plotted in Figure 4. 

No significant temperature difference was found between 

treatment groups; however, there was a significant effect 

due to time (Table 5). Posthoc analysis was performed 

contrasting the two treatment groups. Oneway analysis 

contrasts showed no significant difference between groups at 

the 0.01 level, and Tukey test results for between-group 

pairs were not significant at the 0.05 level. The null 

hypothesis was supported. 

Hypothesis 2 

Hypothesis 2, no difference between groups on measures 

of discomfort, was tested using a repeated measures ANOVA; 

data analysis was carried out using SPSS MANOVA procedure. 

Table 5 summarizes the results from the MANOVA procedure. 

Mean discomfort scores over time by group are compared in 

Figure 5. Between-groups and within-group analysis showed 

significant differences due to treatment and over time (p = 

0.009, 0.000 respectively). The null hypothesis was 

rejected. 

A Tukey test was performed for posthoc analysis with 

oneway contrasts run on 7 of the 11 discomfort observations. 

The number of contrasts was reduced to seven to decrease the 
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82 

TABLE 5. 

MANOVA for HYPOTHESIS 1: Temperature; and HYPOTHESIS 2: 

Observed Discomfort 

HYPOTHESIS 1: Temperature 

Significance 
SS df F of F 

Between-Subj ects 
Effect 

Within Cells 20.30 16 
Treatment Effects 0.30 1 0.03 0. 871 

Within-Subject 
Effect 

Within Cells 6.28 64 
Time 37.70 4 96. 07 0. 000 
Treatment by Time 2.21 4 5. 62 0. 001 

HYPOTHESIS 2: Discomfort 

Significance 
SS df F of F 

Between-Subj ects 
Effects 

Within Cells 15.97 18 
Treatment Effects 7 . 64 1 8. 61 0.009 

Within-Subj ect 
Effect 

Within Cells 29. 13 180 
Time 15.11 10 9.34 0.000 
Treatment by Time 14.31 10 8.84 0.000 
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likelihood of a Type II error, as the significance level 

becomes smaller with each additional contrast. Significant 

differences between groups were found only for discomfort 

observations made during the bathing period (p = 0.000). 

Crying was the most frequent discomfort indicator 

observed, 17 (85%) children had some crying. Scores for 

crying were occasionally confounded by procedures, such as 

urine collection bag placement, and intravenous catheter 

insertion. In the acetaminophen only group, crying was most 

frequent during the first 30 minutes, whereas, in the sponge 

bathed children crying was frequent until the end of the 

bathing period. 

The mean scores in Figure 5 reflect crying almost 

exclusively, as goosebumps and shivering outside the bathing 

period were infrequent. During the bath, mean scores for the 

sponge bath group reflect crying and goosebumps with about 

equal frequency. All the sponge bathed children cried at 

some point during the bath. 

Eight (40%) children experienced goosebumps. Three 

subjects had goosebumps after undressing (1 subject from the 

acetaminophen only group, and 2 subjects from the sponge 

bath group) and but generally goosebumps appeared during the 

bath. Goosebumps were noted in 70% of the subjects who were 

sponge bathed. Only one (5%) child experienced shivering 

which occurred during the sponge bath. 
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Discomfort Scale Measures 

The Discomfort Scale scores (parental rating of child's 

discomfort) were compared using t-test for independent 

samples. Scores in the sponge bathed group were 

significantly higher at the 0.05 level (Table 6). 

Summary 

Statistical analysis of the study data found no 

significant differences between the groups on demographic 

variables. ANOVA results for temperature found insignificant 

between-group differences, but significant differences due 

to time. ANOVA results for discomfort were significant 

between groups and over time. The results of the study are 

discussed in Chapter 5. 
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TABLE 6. 

Discomfort. Scale Scores: t-Test Analysis 

Mean SD 

Acetaminophen Only 1.50 1.58 

Acetaminophen & Sponge bath 3.50 2.27 

F t-value df signif. 

2.07 -2.28 18 0.035 
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CHAPTER 5. 

Discussion 

The two treatment groups were similar on basis of age, 

gender, weight, BSA, and initial temperature. Room 

temperature and humidity were also similar between the two 

groups. The results of the study indicate there is no 

significant difference in the overall temperature change 

after 2 hours for febrile children who receive acetaminophen 

and a 15 minute tepid sponge bath, and children who receive 

acetaminophen alone. 

The results of the study are readily explicated by the 

theoretical constructs relating to fever and fever 

reduction. That is, fever is caused by an elevation in the 

hypothalamic set point, and produced by heat-conserving and 

heat-producing mechanisms (e.g., vasoconstriction and 

shivering). Although temperature decreases can be produced 

with external measures that increase conductive, 

evaporative, convective, and radiant heat loss, in this 

study, fever reduction was most effectively achieved by 

acting on the hypothalamus with an antipyretic. The addition 

of external cooling measures provided minimal additional 

benefit, and may have activated heat-conserving mechanisms. 

Conductive, evaporative, convective, and radiant heat 

loss are dependent on peripheral blood flow, the amount of 
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exposed surface area, and the temperature gradient between 

the body and environment. Heat loss is maximized by-

increasing peripheral blood flow, the exposed body surface 

area, and the body-to-environment temperature gradient, 

while avoiding activating heat-conserving or heat-producing 

mechanisms. This notion is supported by researchers who 

found warmer temperatures effective at temperature reduction 

(Caruso, et al., 1992; Weiner & Khogali, 1980; Wyndham, et 

al., 1959), Aynsley-Green and Pickering (1973; 1975) who 

noted the importance of adequate hydration, and Magazanik, 

et al. (1980), who hypothesized there is an optimal 

temperature gradient for heat loss. 

Heat loss was promoted in this study by undressing the 

subjects, providing hydration, and sponge bathing. The body-

to-environment temperatue gradient was optimized by having 

the subjects in a warm room, and using relatively warm bath 

water. Acetaminophen was given 3 0 minutes before bathing to 

decrease hypothalamic set point before bathing. Despite 

these attempts to avoid activating heat-conserving 

mechanisms, 3 subjects had goosebumps after undressing, and 

7 subject had goosebumps during the sponge bath; only 1 

subject had shivering. However, no conclusions about an 

optimal temperature gradient, or whether heat-conserving 

mechanisms interfere with fever reduction can be drawn from 

these observations. 
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The graph in Figure 4 indicates the subjects who were 

sponge bathed had markedly decreased temperatures 15 minutes 

after the sponge bath (temperatue at 60 minutes). These 

temperatures may be artificially low, however, because 

external cooling of the head can cool the tympanic membrane. 

Doyle, Zehner, and Terndrup (1992) found this effect lasted 

2 0 minutes after exposure to extreme ambient temperatures. 

The graph in Figure 4 also suggests sponge bathed 

subjects cooled more quickly within the first hour compared 

to subjects who were not bathed. However, according to the 

post hoc Tukey analysis, both groups had significant 

temperature reduction from their initial temperature after 1 

hour (p < 0.05), and mean temperatures after 1 hour were 

below 39°C (acetaminophen group, 38.76°C; sponge bath group, 

38.15°C). Furthermore, the additional cooling attained by 

the sponge bathed group was completely negated by the end of 

2 hours (mean temperature acetaminophen group, 38.06°C; 

sponge bath group, 38.40°C). 

The results of this study are similar to those obtained 

by Newman (1985) and Hunter (1973), that is, no significant 

additional fever reduction with tepid sponge bathing over 

antipyretics alone. In contrast, Steele (1970) reported 

greater cooling in groups that received sponge bathing in 

addition to antipyretics. In this study, cooling due to 

sponge bathing was not sustained over time. The graph in 
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Figure 4 suggests a transient decrease in body temperature 

followed by a slight rebound. Neither Steele (1970) nor 

Hunter (1973) continued to monitor temperatures after the 

bathing procedure was stopped, so afterfall or rebound 

increases were not detected. 

Tepid sponge bathing caused significant discomfort 

compared to subjects who were not bathed. Children who were 

bathed had higher discomfort scores and were rated as having 

greater discomfort by parents, but discomfort scores between 

groups were significantly different only during the bathing 

period. These results are consistent with results reported 

by Steele, et al. (1970), who found minimal discomfort in 

subjects who were not bathed, and increasing discomfort with 

cooler bathing solutions. 

Dehydration was seen clinically more often than is 

reflected in the discharge diagnoses. Six (30%) children 

consumed from 240cc to 720cc of oral fluids during the study 

period, and one child required 44 0cc of intravenous fluids. 

However, dehydration and fluid consumption were not 

systematically evaluated during this study. The effect 

dehydration and fluid consumption may have had on 

temperature changes is not known. 
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Limitations 

The pilot study on the tympanic thermometer was 

conducted on a convenience sample of five well adults. While 

this was adequate to establish reliability of the tympanic 

thermometer, a pilot study using pediatric subjects would 

have been more specific to this study. This was not done due 

to the difficulty of arranging for subjects and raters to 

meet at a single time. A sample of febrile subjects would 

have been even more difficult to obtain. Pediatric subjects 

would also need parental consent. 

Generalizability of the study results are limited 

because the sample was small, and drawn from one facility. 

In addition, variability in some data collection may have 

influenced data results. 

The tympanic thermometer was somewhat difficult to use 

with children under about 18 months of age. It was difficult 

to obtain a good seal of the ear canal because the external 

ear is softer and easy to occlude, and the patients often 

did not hold still. When the investigator thought the 

temperature obtained was erroneous, the temperature was 

repeated two or three times and the highest reading was 

recorded. More practice on children with the tympanic 

thermometer prior to the study might have minimized these 

problems. 
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It was difficult for the investigator to also be the 

care provider for the patients. The immediate treatment 

needs of the patient sometimes interfered with data 

collection. In one child, the temperature measurement at 

time 4 (90 minutes) was delayed by 7 minutes due to attempts 

at starting an intravenous line. This temperature was 

included in the data analysis as no other factor influencing 

the temperature was introduced (unlike time 2 temperatures 

which immediately preceded the start of the bathing 

procedure). Three children were escorted to the radiology 

department during the second hour of the study period. These 

children were covered with a single light pediatric gown. 

The Discomfort Scale was not strictly administered at a 

given point in the study to all parents. Although most 

parents were given the Discomfort Scale immediately 

following the bathing period, some parents were given the 

scale at the end of the study period. This may have resulted 

in variability in the scores. 

At least six different physicians saw children in this 

study. This no doubt contributes to the wide range of 

discharge diagnoses recorded. Having fewer physicians 

involved in evaluating the children may have provided 

greater consistency in the discharge diagnoses, making group 

comparisons easier. 
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Implications for Nursing 

Thomas, et al. (1993) reported wide variation in fever 

mangement practices among ED nurses and called for research-

based standards. Several researchers have noted the need for 

healthcare practitioners to provide reasonable intervention 

and consistent parental education to reduce exaggerated fear 

of fevers and avoid overtreatment (Casey, et al., 1984; 

Kilmon, 1987b; May & Bauchner, 1992; Schmitt, 1984). The 

results of this study have practical implications for 

nursing practice both in clinical fever management and 

parent teaching. 

Tepid sponge baths as routinely practiced in clinics 

and EDs are time-consuming for staff and significantly 

uncomfortable for the child. The results of this study, 

however, suggest a 15-minute sponge bath provides little 

additional fever reduction over antipyretic medication 

alone. Instead of sponge bathing, nurses practicing in these 

settings can focus on ensuring patients have received an 

adequate dose of antipyretic medication as firstline 

management of febrile children. 

Children for whom antipyretic medications are 

contraindicated may need to be sponge bathed to reduce 

fever. This should be done with relatively warm water for at 

least 15 minutes, and the child should be monitored for a 

rebound increase in temperature 3 0 to 60 minutes following 



94 

the procedure. Children should be undressed in a comfortably 

warm room and provided rehydration. 

Parent teaching should include information about fever 

management during well-child visits and clinic or ED visits. 

Teaching should emphasize the use of antipyretic medications 

along with oral rehydration, and avoidance of bundling. 

Parents should know that fluid requirements are increased 

during febrile illnesses. Bathing with cool solutions should 

be discouraged, and tepid sponge baths can be de-emphasized 

in routine fever management. 

Future Research 

There is much that remains to be learned about fever 

and fever management. Basic research into the causes and 

mechanisms of fever, and the mechanisms underlying febrile 

seizures will influence future decisions in fever 

management. Factors that influence fever reduction need to 

be explored. 

Studies in fever reduction, and research from other 

aspects of thermal regulation suggest several variables may 

be involved in optimal fever reduction. These include 

externally applied measures such as bathing or exposure, and 

hydration. It has been established by several studies of 

hyperthermia and fever that warmer water temperatures are 

effective at reducing body temperature; however, the ideal 
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water temperature to reduce body temperature in fever has 

not been established. Replication of this study with warmer 

or cooler bath temperatures might give different results. 

The duration and timing of the bath in relation to 

antipyretic dosing may also influence the amount of cooling 

achieved. 

The importance of hydration in fever management was 

described by Aynsley-Green and Pickering (1973; 1974), 

however, only a small number of clinical examples were 

given. Well controlled studies which evaluate hydration and 

its influence on fever reduction are needed. The technique 

of central and peripheral temperature monitoring described 

by Aynsley-Green and Pickering should be evaluated for use 

as a clinical and research tool. 

Research into fever management using accurate core 

temperature measurement is important for obtaining 

significant research results. Currently, infrared tympanic 

thermometers provide the least invasive mechanism for core 

temperature measurement in the clinical setting. However, 

further research in clinical thermometry will improve 

techniques for obtaining accurate core temperature measures 

with minimal invasiveness. 
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Summary 

The results of the study indicate that acetaminophen 

alone provides as much fever reduction in 2 hours as 

acetaminophen plus a 15-minute tepid sponge bath. The 

observed fever reduction was explained by the theories of 

body temperature regulation and the mechanisms of fever. The 

results of the study can be applied to clinical practice. 

Key concepts for nursing management of febrile children 

include ensuring adequate antipyretic dosing, exposure in a 

warm environment, and adequate rehydration. If children are 

sponge bathed to reduce fever, warmer water temperatures can 

be used. The same concepts can be taught to parents for 

managing febrile children at home. 

Future research needs include both basic and clinical 

research areas. Basic research is needed to further define 

mechanisms of fever and febrile seizures. Clinical research 

is needed to further examine the value of sponge bathing in 

fever management, and to evaluate the role hydration level 

plays in fever reduction. Finally, advances in clinical 

thermometry will improve the accuracy core temperature 

measurement. 
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APPENDIX A 

SUBJECT CONSENT FORM 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE 
THAT I AM INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND 
OF HOW MY CHILD WILL PARTICIPATE IN IT, IF I CONSENT FOR MY 
CHILD TO DO SO. SIGNING THIS FORM WILL INDICATE THAT I HAVE 
BEEN SO INFORMED AND THAT I GIVE MY CONSENT. FEDERAL 
REGULATIONS REQUIRE WRITTEN INFORMED CONSENT PRIOR TO 
PARTICIPATION IN THIS RESEARCH STUDY SO THAT I CAN KNOW THE 
NATURE AND THE RISKS OF MY CHILD'S PARTICIPATION AND CAN 
DECIDE TO HAVE MY CHILD PARTICIPATE OR NOT PARTICIPATE IN A 
FREE AND INFORMED MANNER. 

I am being asked to allow my child's voluntary 

participation in a study to compare methods of cooling young 

children with fever. Currently, it is not known for certain 

whether tepid sponge bathing and towel baths help bring down 

fever, or whether antipyretic medication alone is enough. 

"Antipyretics" are medications that bring down fever; 

acetaminophen (Tylenol®), aspirin, and ibuprofen are 

examples of antipyretic medications. 

The treatment my child would receive as part of this 

study is essentially the same as the treatment they would 

receive if I decide not to participate. If I consent to have 

my child participate in this study, my child will be given a 

normal dose of acetaminophen (Tylenol®), and then assigned 

by chance to receive either no bathing, a tepid sponge bath, 

or a tepid towel bath. My child will be seen by the 

Emergency Department or Urgent care doctor as usual. It 
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APPENDIX A-Continued 

will be necessary to check my child's tympanic (ear) 

temperature 5 to 6 times during the study period. My child's 

age, gender, weight, height, and diagnosis will also be 

recorded. The total time for the procedure will be 2 hours, 

about the same as a typical visit. 

My child's participation in this study is confidential; 

names will not be used in recording or reporting the 

research data. Only the nurse researcher has access to this 

data. Participation in the study will not affect the charge 

for my child's visit. Potential risks involved in the study 

include discomfort associated with tepid bathing. Potential 

benefits include the constant attendance of the nurse 

researcher. 

I am free to ask questions or withdraw from the study 

at any time without any affect on me or my child. This study 

is being conducted with the knowledge and approval of the 

hospital's Human Research Committee. 

BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO 
ME AND MY QUESTIONS HAVE BEEN ANSWERED. I UNDERSTAND THAT I 
MAY ASK QUESTIONS AT ANY TIME WITHOUT CAUSING BAD FEELINGS 
OR AFFECTING MY CHILD'S MEDICAL CARE. MY CHILD'S 
PARTICIPATION IN THIS PROJECT MAY BE ENDED BY THE 
INVESTIGATOR OR BY THE SPONSOR FOR REASONS THAT WOULD BE 
EXPLAINED. NEW INFORMATION DEVELOPED DURING THE COURSE OF 
THIS STUDY WHICH MAY AFFECT MY WILLINGNESS TO CONTINUE IN 
THIS RESEARCH PROJECT WILL BE GIVEN TO ME AS IT 
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BECOMES AVAILABLE. I UNDERSTAND THAT THE CONSENT FORM WILL 
BE FILED IN AN AREA DESIGNATED BY THE HUMAN SUBJECTS 
COMMITTEE WITH ACCESS RESTRICTED TO THE PRINCIPAL 
INVESTIGATOR, JANE SHARBER, RN, OR AUTHORIZED REPRESENTATIVE 
OF THE DEPARTMENT. I 
UNDERSTAND THAT I DO NOT GIVE UP ANY OF MY LEGAL RIGHTS BY 
SIGNING THIS FORM. A COPY OF THIS SIGNED CONSENT FORM WILL 
BE GIVEN TO ME. 

Child's Name 

Parent or Guardian Date 

Witness Date 

I have carefully explained to the subjects' parent the 
nature of the above project. I hereby certify that to the 
best of my knowledge the person who is signing this consent 
form understands clearly the nature, demands, benefits, and 
risks involved in his/her child's participation and his/her 
signature is legally valid. A medical problem or language 
or education barrier has not precluded this understanding. 

Date 

Jane Sharber RN 
602-327-0124 
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APPENDIX B 

HUMAN SUBJECTS APPROVAL 

University of Arizona 

Human Subjects Committee 

October 18, 1993 

Human Subjects 
THL UNIVERSITY OF 

ARIZONA 
HEALTH SCIENCES CENTER 

Jane Sharber, B.S.N. 
c/o Leanna Crosby, D.N.Sc. 
College of Nursing 
Arizona Health Sciences Center 

Committee Approval 

1690 N. Wmtcti (Dldf;. 526BI 
Tucson. Aiixoru 85724 
(602) 626-6721 or 626-7575 

RE: HBC A93.91 A COMPARISON OF METHODS TO REDUCE FEVER IN YOUNG 
CHILDREN 

Dear Ms. Sharber: 

We received your above-cited research proposal. The procedures to 
be followed in this study pose no more than minimal risk to 
participating subjects. Regulations issued by the U.S. Department 
of Health and Human Services [45 CFR Part 46.110(b)] authorize 
approval of this type project through the expedited review 
procedures, with the condition(s) that subjects' anonymity be 
maintained. Although full Committee review is not required, a brief 
summary of the project procedures is submitted to the Committee for 
their endorsement and/or comment, if any, after administrative 
approval is granted. This project is approved effective 18 October 
1993 for a period of one year. 

I 
The Human Subjects Committee (Institutional Review Board) of the 
University of Arizona has a current assurance of compliance, number 
M-1233, which is on file with the Department of Health and Human 
Services and covers this activity. 

Approval is granted with the understanding that no further changes 
or additions will be made either to the procedures followed or to 
the consent form(s) used (copies of which we have on file) without 
the knowledge and approval of the Human Subjects Committee and your 
College or Departmental Review Committee. Any research related 
physical or psychological harm to any subject must also be reported 
to each committee. 

A university policy requires that all signed subject consent forms 
be kept in a permanent file in an area designated for that purpose 
by the Department Head or comparable authority. This will assure 
their accessibility in the event that university officials require 
the information and the principal investigator is unavailable for 
some reason. 

Sincerely yours, 

UlSWvg-
William F. T3enny, M.D. 
Chairman 
Human Subjects Committee 

WFD:rs 
cc: Departmental/College Review Committee 
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APPENDIX B-Continued 

Tucson Medical Center Human Subjects Committee Approval 

August 11, 1993 

Jane Sharber, RN 
Emergency Department 
Tucson Medical Center 

RE: "A Comparison of Methods to Reducc Fever in Young Children". 

Dear Ms. Sharber: 

The TMC Human Research Committee had approved your study on June 1, 1993 pending 
approval by the Director's Council, Pediatrics Committee and Pharmacy & Therapeutics 
Committee. All of these committees have approved your study, therefore you may begin data 
collection. 

It is understood that no changes will be made to the study without the knowledge and approval 
of the Human Research Committee. Please be aware that a copy of the consent form must be 
placed in the medical record. Review has been set at 6 months. 

Should you have any questions, please contact me at ext. 45332, or Chris Arslanian RN, MS, 
Research Associate, at ext. 45512. 

Tucson Medical Center 
Toam • Technology • Tradition 

Sincerely, 

1/ • 
/Il6na1d P. Spark, Mofchair^ 

TMC Human Research Committee 
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APPENDIX C 

Date 

DATA COLLECTION TOOL 

DOB 

Location ER uc Gender M 

Rectal temp: arrival 
discharge^ 

Randomization card # 

Weight(kg) 
Height(cm) 
BSA(m2) 

Acetaminophen dose(mg)_ 
time given_ 

*repeat dose time" 

**Treatment group A0 A/B 

TIME 

OBS 

T 
+ 

0 

T 
+ 

15 

T 
+ 
30 

T +• 
35 

T 
+ 
40 

T + 
45 

T 
+ 

60 

T 
+ 

75 

T 
+ 
90 

T + 
105 

T + 
120 

T • °C XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 

X 

T °F 4 room * 
(75-80°F= 

23.9-26.7°C) 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

Humidity XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

T ii2o °C 

(31.3-33,3°C) 
XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 
X 

XX 

X 
XX 
X 

XX 
X 

XX 
X 

XX 
X 

Discomfort indiccs T 
+ 
0 

T 
+ 

15 

T 
+ 

30 

T + 
35 

T 
+• 

40 

T + 

45 
T 
+ 
60 

T 
+ 
75 

T 
+ 

90 

T + 

105 
T + 
120 

crying 

shivering 

gooscbumps 

(other) 

Total 

•Repeal dose if expelled within 20 mins. **A0=acct. only A/B=acel.+bath 
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How would you rate your child's comfort level during this 
procedure on a scale of zero to ten, with zero being "no 
discomfort", and ten being "extreme discomfort"? Select a 
number from zero to ten which you feel most closely 
describes your child's comfort level. 

i i i i i i i i i i i i i i i i > i i i i i 
0 1 2 3 4 5 6 7 8 9  1 0  

NO EXTREME 
DISCOMFORT DISCOMFORT 



104 

References 

American College of Emergency Physicians (1993). Clinical 
policy for the initial approach to children under the age 
of 2 years presenting with fever. Annals of Emergency 
Medicine, 22. 628-637. 

Andersen, A. R. (1988). Parental perception and management 
of school-age children's fevers. Nurse Practitioner. 
12(5), 8-18. 

Aynsley-Green, A., & Pickering, D. (1973). Management of 
childhood pyrexia using central and peripheral 
temperature recordings. Lancet, 1, 1132. 

Aynsley-Green, A., & Pickering, D. (1974). Use of central 
and peripheral temperature measurements in care of the 
critically ill child. Archives of Diseases in Childhood. 
49, 477-481. 

Aynsley-Green, A., & Pickering, D. (1975). Tepid sponging in 
pyrexia [letter]. British Medical Journal. 2.(5967), 393. 

Benzinger, M. (1969). Tympanic thermometry in surgery and 
anesthesia. Journal of the American Medical Association. 
2£9(8), 1207-1211. 

Bernheim, H. A. (1986). Is prostaglandin E2 involved in the 
pathogenesis of fever? Effects of interleukin-1 on the 
release of prostaglandins. Yale Journal of Biology and 
Medicine, 59., 151-158. 

Blatteis, C. M. (1992). Role of the OVLT in the febrile 
response to circulating pyrogens. In A. Ermisch, R. 
Langeraf, & H.-J. Rtihle (Eds.), Progress in Brain 
Research: Vol. 91. Circumventricular organs and brain 
fluid environmnent: Molecular and functional aspects, 
(pp. 409-412). Amsterdam: Elsevier Science Publishers. 

Bligh, J. (1982). Thermoregulation: Its change during 
infection with endotoxin-producing micro-organisms. In A. 
S. Milton (Ed.), Handbook of experimental pharmacology: 
Vol. 60. (pp. 25-71). New York: Springer-Verlag. 

Brennan, R. L. (1983). Elements of generalizabilitv theory. 
Iowa City: American College Testing Program. 



105 

Bruce, J. L. & Grove, S. K. (1992). Fever: Pathology and 
treatment. Critical Care Nurse. 12.(1), 4 0-49. 

Burns, N., Grove, S. K. (1987). The practice of nursing 
research: Conduct, critique and utilization. 
Philadelphia: W. B. Saunders. 

Carlson, L. D. & Hsieh, A. C. (1970). Thermophysiology. In 
L. D. Carlson & A. C. Hsieh, Control of energy exchange 
(pp. 42-69). New York: Macmillan Company. 

Caruso, C. C., Hadley, B. J., Shukla, R., Frame, P., & 
Khoury, J. (1992). Cooling effects and comfort of four 
cooling blanket temperatures in humans with fever. 
Nursing Research. ,41(2), 68-72. 

Casey, R., McMahon, F., McCormick, M. C., Pasquariello, P. 
S., Zavod, W. , & King, F. H. (1984). Fever therapy: An 
educational intervention for parents. Pediatrics. 73.(5), 
600-605. 

Coceani, F., Bishai, I., Dinarello, C. A., & Fitzpatrick, F. 
A. (1983). Prostaglandin E2 and thrombaxane B2 in 
cerebrospinal fluid of afebrile and febrile cat. American 
Journal of Physiology. 244. R785-793. 

Coceani, F., Bishai, I., Lees, J., & Sirko, S. (1986). 
Prostaglandin E2 and fever: A continuing debate. Yale 
Journal of Biology and Medicine. 59. 169-174. 

Dascombe, M. J. (1985). The pharmacology of fever. Progress 
in Neurobiology. 25f 327-373. 

Dinarello, C. A. (1982). The treatment of fever from a 
clinical viewpoint. In A. S. Milton (Ed.), Handbook of 
experimental pharmacology: Vol. 60. Pvretics and 
antipyretics (pp. 529-546). New York: Springer-Verlag. 

Dinarello, C. A., Cannon, J. G. & Wolff, S. M. (1988). New 
concepts on the pathogenesis of fever. Reviews of 
Infectious Diseases, ,10(1), 168-189. 

Donahue, A. M. (1983). Tepid sponging. Journal of Emergency 
Nursing, 9(2), 78-82. 

Doyle, F., Zehner, W. J., Terndrup, T. E. (1992). The effect 
of ambient temperature extremes on tympanic and oral 



106 

temperatures. American Journal of Emergency Medicine. 
10(4), 285-289. 

Edwards, M. J. (1979). Is hyperthermia a human teratogen? 
American Heart Journal, 98(3), 277-280. 

El-Radhi, A. S., Withana, K., & Banajeh, S. (1986). 
Recurrence rate of febrile convulsion related to the 
degree of pyrexia during the first attack. Clinical 
Pediatrics. 25(6), 311 313. 

Ferrara-Love, R. (1991). A comparison of tympanic and 
pulmonary artery measures of core temperatures, Journal 
of Post Anesthesia Nursing. 6(3), 161-164. 

Freeman, J. M. (1980). Febrile seizures: A consensus of 
their significance, evaluation, and treatment. 
Pediatrics. 66, 1009-1012. 

Fruthaler, G. J. (1985). Fever in childhood: Phobia versus 
facts. Hospital Practice. 20.(11A) , 49-53. 

Ganong, W. F. (1985). Review of medical physiology (12th 
ed.). Los Altos, CA: Lange Medical Publications. 

Haupt, M. T. & Rackow, E. C. (1983). Adverse effects of 
febrile state on cardiac performance. American Heart 
Journal. 105. 763-768. 

Hensel, H. (1981). Thermoreception and temperature 
regulation. New York: Academic Press. 

Holdcroft, A. (1980). Control of body temperature. In A. 
Holdcroft, Body temperature control in anaesthesia, 
surgery, and intensive care (pp.1-40). London: Bailliere 
Tindall. 

Holtzclaw, B. J. (1992). The febrile response in critical 
care: State of the art. Heart & Lung. 2.1(5), 482-501. 

Houdas, Y. & Ring, E. F. J. (19 82) Human body temperature: 
Its measurement and regulation (pp. 105-141). New York: 
Plenum Press. 

Hunter, J. (1973). Study of antipyretic therapy in current 
use. Archives of Diseases in Childhood. 48. 313-315. 

Kasting, N. W. (1989). Criteria for establishing a 
physiological role for brain peptides. A case in point: 



107 

the role of vasopressin in thermoregulation during fever 
and antipyresis. Brain Research Reviews. 14. 143-153. 

Kasting, N. W. , Veale, W. L., Cooper, K. E. (1982). Fever 
and its role in disease: Rationale for antipyretics. In 
A. S. Milton (Ed.), Handbook of experimental 
pharmacology: Vol. 60. Pvretics and antipyretics (pp. 5-
24). New York: Springer-Verlag. 

Kasting, N. W., Veale, W. L., Cooper, K. E., & Lederis, K. 
(1981). Vasopressin may mediate febrile convulsions. 
Brain Research. 213. 327-333. 

Kasting, N. W., & Wilkinson, M. F. (1987). Vasopressin 
functions as an endogenous antipyretic in the newborn. 
Biology of the Neonate. 51. 249-254. 

Kelly, B., & Alexander, D. (1991). Effect of otitis media on 
infrared tympanic thermometry. Clinical Pediatrics. 
3_0 (Suppl. ) , 46-48. 

Kilmon, C. A. (1987a) . Home management of children's fevers. 
Journal of Pediatric Nursing. 2.(6), 400-404. 

Kilmon, C. A. (1987b). Parent's knowledge and practices 
related to fever management. Journal of Pediatric Health 
Care. 1, 173-179. 

Kline, J., Stein, Z., Susser, M., & Warburton, D. (1985). 
Fever during pregnancy and spontaneous abortion. American 
Journal of Epidemiology. 121(6). 832-842. 

Klir, J. J., Roth, J., & Kluger, M. J. (1992). Interleukin-6 
(IL-6) and tumor necrosis factor (TNF) increase in 
hypothalamus of rats during lipopolysaccharide (LPS)-
induced fever. FASEB Journal. 6(4), A1200. (From 
Abstracts. Part 1, Abstract No. 1522). 

Kluger, M. J. (1978). The evolution and adaptive value of 
fever. American Scientist. 66, 38-43. 

Kluger, M. J. (1979). Regulation of body temperature in the 
vertebrates. In M. J. Kluger, Fever: Its biology, 
evolution, and function (3-50). Princeton, NJ: Princeton 
University Press. 

Kluger, M. J. (1991). Fever: role of pyrogens and cryogens. 
Physiological Reviews. 71(1), 93-127* 



108 

Kluger, M. J. (1992). Fever revisited. Pediatrics. .90(6), 
846-850. 

Knudsen, P. J., Dinarello, C. A., & Strom, T. B. (1986). 
Prostaglandins posttranscriptionally inhibit monocyte 
expression of interleukin 1 activity by increasing 
intracellular cyclic adenosine monophosphate. Journal of 
Immunology, 137(10). 3189-3194. 

Kramer, M. S., Naimark, L., & Leduc, D. G. (1985). Parental 
fever phobia and its correlates. Pediatrics. 75(6), 1110-
1113. 

Kresch, M. J. (1984). Axillary temperature as a screening 
test for fever in children. Journal of Pediatrics. 
1M(4), 596-599. 

Kruse, J. (1988). Fever in children. American Family 
Physician, 37(2), 127-135. 

Kushner, I. (1982). The phenomenon of the acute phase 
response. In I. Kushner, J. E. Volanakis & H. 
Gewurz(Eds.), Annals of the New York Academy of Sciences: 
Vol. 389. C-reactive protein and the plasma protein 
response to tissue injury. New York: New York Academy of 
Sciences. 

Long, N. C., Kunkel, S. L., Vander, A. J., & Kluger, M. J. 
(1990). Antiserum against tumor necrosis factor enhances 
lipopolysaccharide fever in rats. American Journal of 
Physiology. 258. R332-R337. 

Long, N. C., Otterness, I., Kunkel, S. L. Vander, A. J., & 
Kluger, M. J. (1990). Roles of interleukin 1/3 and tumor 
necrosis factor in lipopolysaccharide fever in rats. 
American Journal of Physiology. 259. R724-R728. 

Lorin, M. I. (1982). The febrile child: Clinical management 
of fever and other types of pyrexia. New York: John Wiley 
& Sons. 

Magazanik, A., Epstein, Y., Udassin, R., Shapiro, Y., & 
Sohar, D. (1980). Tap water, an efficient method for 
cooling heatstroke victims - a model in dogs. Aviation. 
Space, and Environmental Medicine, 51t 864-867. 

May A., & Bauchner, H. (1992) Fever phobia: The 
pediatrician's contribution. Pediatrics. 90, 851-854. 



109 

McCaffrey, T. V., McCook, R. D., & Wurster, R. D. (1975). 
Effect of head skin temperature on tympanic and oral 
temperature in man. Journal of Applied Physiology. 39.(1) , 
114-118. 

Morimoto, A., Long, N. C., Nakamori, T., & Murakami, N. 
(1992). Systemic injection of TNF attenuates fever due to 
IL-1 and LPS in rats. FASEB Journal. 6(4), A1200. (From 
Abstracts. Part 1, Abstract No. 1523). 

Morimoto, A., Murakami, N., Ono, T., & Watanabe, T. (1986). 
Dehydration enhances endotoxin fever by increased 
production of endogenous pyrogen. American Journal of 
Physiology. 251. R41-R47. 

Myers, R. D. (1984). Neurochemistry of thermoregulation. The 
Physiologist. 2.7(1), 41-46. 

Newman, J. (1985). Evaluation of sponging to reduce body 
temperature in febrile children. Canadian Medical 
Association Journal. 132, 641-642. 

Nobel, J. J. (1992). Infrared ear thermometry. Pediatric 
Emergency Care. 8(1), 54-58. 

Oppenheim, J. J., Ruscetti, F. W., & Faltynek, C. (1991). 
Cytokines. In D. P. Stites & A. I. Terr (Eds.), Basic 
and clinical immunology. (7th ed., pp. 78-100). Norwalk, 
CT: Appleton & Lange. 

Pierau, Fr.-K., & Schmid, H. (1990). Peripheral and central 
thermosensitivity. Journal of Basic and Clinical 
Physiology and Pharmacology. 1(1), 323-335. 

Pransky, S. M. (1991). The impact of technique and 
conditions of the tympanic membrane upon infrared 
tympanic thermometry. Clinical Pediatrics. 3 0(Suppl.). 
50-52. 

Reeves-Swift, R. (1990). Rational management of a child's 
acute fever. MCN, 15, 82-85. 

Rhoades, R. & Pflanzer, R. (1992). Regulation of body 
temperature. In R. Rhoades & R. Pflanzer (Eds.), Human 
physiology. (2nd ed., pp. 936-956). Fort Worth: Saunders 
College Publishing. 



110 

Roberts, N. J. (1991) Impact of temperature elevation on 
immunologic defenses. Reviews of Infectious Diseases. 13, 
462-472. 

Schmitt, B. D. (1980). Fever phobia. American Journal of 
Diseases in Children. 134. 176-181. 

Schmitt, B. D. (1984). Fever in childhood. Pediatrics. 
74(suppl.), 929-936. 

Schmitt, B. D. (1993) , Ambulatory pediatrics. In W. E. 
Hathaway, W. W. Hay, J. R. Groothuis, & J. W. Paisley 
(Eds.) Current pediatric diagnosis and treatment. (11th 
ed., 262-293). Norwalk, CT: Appleton & Lange. 

Shinozaki, T., Deane, R., & Perkins, R. M.(1988). Infrared 
tympanic thermometer: Evaluation of a new clinical 
thermometer. Critical Care Medicine. 3J5(2), 148-150. 

Steele, R. W., Tanaka, P. T., Lara, R. P. & Bass, J. W. 
(1970) Evaluation of sponging and of oral antipyretic 
therapy to reduce fever. Journal of Pediatrics. 72(5), 
824-829. 

Stern, R. C. (1977). Pathophysiologic basis for symptomatic 
treatment of fever. Pediatrics. 59(1), 92-98. 

Stitt, J. T. (1985). Evidence for the involvement of the 
organum vasculosum laminae terminalis in the febrile 
response of rabbits and rats. Journal of Physiology 
(London). 368 f 501-511. 

Stitt, J. T. (1986). Prostaglandin E as the neural mediator 
of the febrile response. Yale Journal of Biology and 
Medicine. 59, 137-149. 

Stitt, J. T. & Bernheim, H. A. (1985). Differences in 
endogenous pyrogen fevers induced by iv and icv routes in 
rabbits. Journal of Applied Physiology. .59(2), 342-347. 

Styrt, B. & Sugarman, B. (1990). Antipyresis and fever. 
Archives of Internal Medicine. 150. 1589-1597. 

Temple, A. R. (1983). Pediatric dosing of acetaminophen. 
Pediatric Pharmacology. 3./ 321-327. 

Terndrup, T. E., & Wong A. (1991). Influence of otitis media 
on correlation between rectal and auditory canal 
temperatures. AJDC. 145. 75-78. 



Ill 

Thomas, V. , Riegel, B. , Andrea, J., Murray, P., Gerhart,, 
A., & Gocka, I. (1993). Scientific Assembly Abstracts: A 
national study of pediatric fever management practices 
among emergency department nurses. Journal of Emergency 
Nursing. 19, 546. (Abstract No. 1). 

Veale, W. L., Cooper, K. E., & Ruwe, W. D. (1984). 
Vasopressin: Its role in antipyresis and febrile 
convulsion. Brain Research Bulletin. 12 (2), 161-165. 

Villareal, S. F., Berman, S., Groothuis, J. R., Strange, V., 
& Schmitt, B. D. (1983) . Telephone encounters in a 
university pediatric group practice: A 2-year analysis of 
after-hour calls. Clinical Pediatrics. 23.(8), 456-458. 

Wagner, P.L., Stapleton, J., Stein, R., & Wadina, E. (1984). 
Care of the child with fever: A quality assurance study. 
Quality Review Bulletin. 10. 325-330. 

Weiner, J. S., & Khogali, M. (1980). A physiological body-
cooling unit for treatment of heat stroke. Lancet. 1, 
507-509. 

Whaley, L. F. & Wong, D. L. (1991). Pediatric variations of 
nursing interventions. In L. F. Whaley & D. L. Wong, 
Nursing care of infants and children (4th ed., p. 1184-
1246). St. Louis: Mosby. 

Wilson, R. D., Knapp. C., Traber, D. L., & Priano, L. L. 
(1971). Tympanic thermography: A clinical and research 
evaluation of a new technique. Southern Medical Journal. 
64(12), 1452-1455. 

Wright, P. F., Thompson, J., McKee, K. T., Vaughn, W. K., 
Sell, S. H., & Karzon, D, T. (1981). Patterns of illness 
in the highly febrile young child: Epidemiologic, 
clinical and laboratory correlates. Pediatrics. 67, 694-
700. 

Wyndham, C. H., Strydom, N. B., Cooke, H. M., Maritz, J. S., 
Morrison, J. F., Fleming, P. W., & Ward, J. S. (1959). 
Methods of cooling subjects with hyperpyrexia. Journal of 
Applied Physiology. 14. 771-776. 

Yaffe, S. J. (1980). Management of fever in infants and 
children. In J. M. Lipton (Ed.), Fever (pp. 225-233). New 
York: Raven Press. 



1X2 

Younger, J. B. & Brown, B. (1985). Fever management: 
rational or ritual? Pediatric Nursing. 11(1), 26-29. 

Zehner, J. W., Terndrup, T. E. (1991). The impact of 
moderate ambient temperature variance on the relationship 
between oral, rectal, and tympanic membrane temperatures. 
Clinical Pediatrics, 3_0(Suppl.), 61-64. 

Zeisberger, E., & Merker, G. (1992). In A. Ermisch, R. 
Langeraf, & H.-J. Rtihle (Eds.), Progress in Brain 
Research: Vol. 91. Circumventricular organs and brain 
fluid environmnent: Molecular and functional aspects, 
(pp. 4 03-4 08). Amsterdam: Elsevier Science Publishers. 


