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CHAPTER 1
IKTRODUCTION

Cooling baths have been used for many years as & means of
reducing fevers due to many causes. A sesrch of the literature
led to the discovery that much of the knowledge about the effective-
ness of cooilng baths for the reduction of fevers due te infection is
of an empirical nature. Only one study was found in which the
relative effectiveness of two cooling measures for reducing fevers
due to infection was lnva:tigatad.l Kueffner found the cooling bath
to be more effective than & cooling sponge for reducing fever in
children and recommended that further studies be done in this area.
A desire to learn more asbout effective cooling measures for reducing

fever i{n children with infection led to this study.
I. THE PROBLEM

Stat nt ¢f € Pr
The study was to find out if there was a significant difference
in the reduction of body temperature between two wmethods of administra-

tion of the cooling tub bath to childrem with fever due to infection.

Purpose of the Study
The purpose of the study was to evaluate the relative effective-

ness of two methods of administration of the cooling bath in reducing

lﬂnrilyn C. Kueffner, "A Study of the Effectiveness of Two
Cooling Measures for Reducing Fever in Children" (Unpublished Master's
thesis, Loms Linda University, Loma Liunda, Califernia, 1962).

1



the temperstures of children with fevers due to infections.

NHeed for the Study

Fever is associsted with wany of the acute illnesses commonly
found in infants and children. Cooling messures are frequently
ordered by the physician for children with elevated temperatures as
prolounged high fever may lead to such serious complications as
dehydration and convulalons.z

In cases of elevated temperatures, the physician may designate
a specific medication or method for reducing the fever; or he may order
cooling wmeasures, leaving the choice of the method to the discretion
of the nurse. If the choice is left to the nurse it is desirable
that she have a more adequate basis for the selection of a particular
cooling procedure.

In cases of high fever due to suspected bacterial infections,
antibiotics are frequently ordered. Various studies om patients
with infection, who have been treated with antibiotics show that there
is no apprecieble drop in temperature in less than 24 teo 48 hnura.3
The administration of an antibiotic, therefore, does not cancel the
need for cooling measures.

& rveview of the literature revealed no studies on the cowparative

effectiveness of cooling baths used to reduce fever due to infections

2g11a L. Rothweiler, Jean Martin White, and Doris A. Geitgey,

The Art and Sclence of Nursing (Philadelphia: ¥. A. Davis Company,
1959), p. 249,

JLouis §. Goodman and Alfred Gilmen, The Pharmacologilcal Basis
of Therapeutics (New York: The MacMillan Company, 1953), pp. 1321~
1413,



3
in children. It i3 because of this that two methods of administration

of the cooling bath were selected for comparative study.

IThe Hypothesis

A warm immersion bath for fifteen minutes is as effective a
method for reducing fever due to infection in children as & cool

immersion bath for twenty minutes.
II. DEFINITION OF TERMS

Ismersion is the placement of the patient in & tub of water
so that the water covers all of the body up to the waist. Water is
applied to the arms, upper chest and upper back by hand during the
time that the patient is in the tub.

Cool is bath water temperature betweem 75 and 95 degrees
Fahrenbeict.

Warm is bath water temperature between 95 sud 100 degrees

Pahrenheit.
III. THE ASSUMPTION

It was assumed that fevers due to any type of infectiom would

be effected in 2 similar manner by the cooling wmeasure.
IV, THE LIMITATIONS

The limitations of this study were as follows:
1. The subjects selected were six months to three years of

age.



2. The subjects selected had had no antipyretic or other
cooling wmeasure administered within four hours previous te the adminis-
tration of the cooling bath,

3. The temperasture and humidity of the room in which the baths
were given varied.

4. It was difficult to metch the subjects physioclogically.

5. The subjects were limited to those children who met the
eriteria, who were available to the investigator, during December, 1962,

January and February, 1963.
V. THE METHOD USED

The experimental method with a retrosctive comparison of a
parallel group was used for the study. The experimental method is
an active process in which observation is usually employed in securing
messures of change. This observation is carried out in a situation
where each entity may be selected to conform with the requirements of
the ;m:*cal:»luu.lk Groups are said to be perallel when they are matched
in their essential charsacteristics. For & previous study by Kueffner,
seven subjects had been given 2 cool immersion bath. These subjects
were used as the Kueffmer Group. The subjects for the Experimental

Group were selected from the pediatric ward, pediatric clinic, and

emergency room of one general hospital.

The procedures selected for administration of the cooling

“Burton Meyer and Loretts E. Heidgerken, Introduction to Resesrch
in Wursing (Philadelphia: J. B. Lippincott Company, 1962), pp. 377-378.



baths were (1) the subjects in the Eueffner Group had been immersed
in water 95 degrees Fahrenheit which was gradually reduced to 73
degrees Fahrenheit, the subject remaining in the tub for a period of
twenty minutes; and (2) the subjects in the Experimental Group were
impersed in water 100 degrees Fahrenheit which was gradually reduced
to 95 degrees Fahrenheit, the subject remaining in the tub for a

period of fifteen minutes.

is £ ¢ Selection of § 3
Subjects were selected on the following basis:
1. They had o rectal temperature of 101 degrees Fahrenheit
or over.
2. They were six months to three years of age.
3. No antipyretic or other cooling measure had been received
within four hours.

4. Infection was diasgnosed as the casuse of the fever.
VI. ORCANIZATION OF REMAINDER OF THE STUDY

The remainder of the study is organized in the following manner:

Chapter IX. This chapter is & review o£41£teraturc which
pertasins to the physiological processes involved in the production of
fever, the use of hydrotherapy in the reduction of fever im children,
snd studies that have been done on the reduction of fever.

Chapter III. This chapter contains the method of approach and
collection of data.

Chapter IV. This chapter includes the analysis and interpreta~
tion of the data.



Chapter V. This chapter comprises the summary of the study,

the conclusions drawn, snd the recommendations made.
VIL. SUMMARY

S5ince cooling measures are frequently used to reduce fever due
to infection in children, this study was dome to evaluate the relative
effectiveness of two methods of administrstion of & cooling bath:
immersion in & tub of cool water, and immersion in a tub of warm

water.



CHAPTER II
REVIEW OF THE LITERATURE

4 review of literature was made to more fully understand
(1) vhat studies had been done on the reduction of fever, (2) the
physiological processes involved in the production of fever, and

(3) the effects of hydrotherapy used to reduce fever inm children.
I. HISTORICAL BACKGROUND

As recently as 1869, physicians thought of fevers as being
diseases rather than sywmptoms of disease. Bloodletting and emetics

5

were used in the treatment of patients with fever.” By the early

part of this century cold bsths and antipyretic drugs were used.®
In this quotation from a textbook writtem in 1904, note that some
concern is expressed about the patient's ability to withstand hereie,
cold treatmeants and that the author suggests the use of lukewarm
water.
If the cold tub is not well borne by the patient

lukewarm baths given in the same maunner are often followed

by good results. The procedure may bring asbout a drep in

temperature of from one to four degrees (¥.).7

There followed ysars during which medical knowledge grew.

Physicians learned that successful treatment of the cause of a fever

Salfred Hudson, L a the Stud Fever (Philadelphia:
H. C. Lea, 1869), p. 63.

SHobart Amory Hare, Fever: Its Pathology and Ireatment
{Philadelphia: F. A. Davis, 1891), pp. 159-160.

TReynold Webb Wilcox, A Msnusl of Fever Mursing (Philadelphia:
P. Blakiston's Son and Company, 1904), p. 46.

7
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would eliminate the fever. The advent of antiblotic drugs, refrigeration
blankets and advances in techniques of fluld therapy made available

new methods to zid in the control of fevers.
II. STUDIES THAT HAVE BEEN DOME

In sttempts to learan more about body temperatures a number of
studies have been done on the effects of heat and cold on the tempera-
tures of healthy adults.8:9:10,10  wy a140 £ind case reports of the
use of hypothermia in encephalitis and other conditions where the
central regulatory mechanism of body heat is disturbed. In these
casea rapid, drastic cooling is necessary. Ice, and chlorpromazine
to prevent shivering, has been successfully used for cooling patients
when the central regulstory mechanism of body heat is disturbed. 12

do studies other than Kueffuner's were found on the use of
hydrotherapy in the reduction of fever due to infectiom in children.
Referring to recent gains in koowladge about fever, br. Robert

_Pe:erndort remarked:

3Hugenn F. Dubois, Fever and the Regulation of Body Temperature
(Springfield, Illinois: Charles C. Thomas, Publisher, 1948), pp. 4~62.

8. K. MacPherson, "The Effect of Fever on Temperature Regula~-
tion in Man,™ Clinical Science, 18:281-287, Moy, 1959.

10¢, §. Wyndham and Others, "Methods of Cooling Subjects with
Hyperpyrexia,” Journal of Applied Physiology, 14:771-776, 1959.

My, w. Eichna, "Thermal Gradients During Varying Body Tempera~-
tures,"” Archives of Physical Therapy, 29:687-689, November, 1948.

12,, W. Johnston and Others, "Hyperpyrexia in Encephalitis,”
Lancet, 2:670~671, September, 1958.



We know a fair amount sbout the physiologic mechanisms
which coutrol the balance of heat production snd heat elimina-
tion in health but relatively little is known about how this
equilibrium is disturbed in disease...The common denominator
responsible for fever has been thought to be tissue injury...
The relationship between fever in the experimental laboratory
and fever at the bedside is a hazy one and we really have not
been able to apply, at bedside, the facts learned in the
laboratory.

IX1. PHYSIOLOGICAL PROCESSES OF FEVER

I rature ation

S8ir George Pickering stresses the importance of the regulstion
of central body temperature im both health sud disease.!® The central
body temperature is determined by the balsuce between heat production
in the tissues and heat lost to the enviromment.l3 Hormally body
temperature is regulated by a central as well as a peripherzl mechanism.
The chief central mechanism controlling heat production is located in
the hypothslamus. Extirpation of this region, in the experimental
animal, releases the heat loss mechanism, located elsewhere, from
coordinated con:ral.m Heat is produced in the tissue and dissipated

at the skin surface and to a lesser extent from the lungs. Of man's

130n£vatstf.y of Washington School of Medicine Conjoint Counference,

“Experimental and Clinical Aspects of Fever," Northwest Medicine,
60:507~512, May, 1961.
14

GCeorge Pickering, "Regulation of Body Temperature in Health
and Disease,” Lancet, 1:1-9, January, 1938.

13¢harles H. Best and Norman B. Taylor, The Physiological Basis
of Medical Practice (Baltimore: The Willisms and Wilkins Company, 1961),
pp. 884-885.

16

Ao D xnllar and W, K. m-. “nu nypathalma and acat
* : 1 _Biolog

Medicine, 29: 1G69 -1070 N 19 32.



10
many temperatures, it is the deep tissue temperature, represented by
the rectal temperature, which is most important to body function and
which is normally meintained at the homeothermic norm by compensating
mechsnisms. The other body tissues, particularly the skin, adjust
their temperatures in such & manner as to keep the deep tissue

temperature sormal. 17

Heat Production
Heat production is the result of chemical reactions!® stimulaced
by food intake, exercise, and exposure to cold. These factors stimulate

metsbolism which is the source of body hut.m

at 8

Heat loss is dependent upon physical and physioclogical factors.
Heat is lost from the body through: (1) radiastion, convection, and
conduction, (2) evaporation of water from the lungs and skin, (3) raisiog
the inspired air to body temperature, and (&) urine and feces. Under
ordinary conditions over ninety-five per cent of heat loss occurs
through numbers one and two.20

Radiation is the emanation of heat energy waves from the body.
Heat loss in radiation is affected by the surface area and temperature

of the body and zlso the surrounding objects and air temperature.Z}

17gichna, op. cit., p. 687.
18gest and Taylor, op. git., p. 884.

19glbert T. Phelps, "Fever--Its Causes and Effects,” The
dmerican Journal of Nursing, 56:319-321, March, 1956.

20pest and Taylor, op. cit., p. 885.

2lchester S. Keefer and Samuel E. Leard, Prolonged and Perplexing
Fevers (Bostom: Little, Brown and Company, 1955), p. 31.
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Convection is the exchange of cooler, drier air away from a
body for the warmer, humid layers close to the body. Heat loss due
to convection is directly related to the movemeat of ailr. It incresses
with acceleration of sir movement up to about seventy miles per konr.zz

Heat loss due to conduction is related to the transfer of heat
from one place to amthor.” The constriction and dilatation of the
skin capillaries vregulate the amount of blood that is allowed to come
from the deeper and warmer steas to the skin surface for changes due
to conduction, radiation end convection. The walls of arterioles
are composed chiefly of involuntary muscle fibers arranged in a
circular fashion. The musculature is supplied with two types of nerve
fibera-~inhibitory and excitatory. Those which inhibit cause vaso-
dilatation. Those which excite cause vasoconstriction. Evidence
has accumulated within recent years which indicates that vasocon~
striction is mediated through the liberation of noradrenaline at the
nerve tndlnga.z"'

Body temperature under ovdinary conditions is no doubt maintained
largely by the responses of the vessels of the skin themselves to
external stimuli. The central mechanism functions, (1) as 2 governor
over the periphersl mechanisms, snd hence manifests itself more
strongly when the need is extreme, and (2) as s mechanism for utilizieg

or integrating the entire skin surface for heat conservation or

22M. » pi 31.

23phelps, op. cit., p. 319.
24Best and Taylor, op. eit., pp. 345-346.
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dissipation when only a part is subjected to & changing tampnra:nra.zs

Body Temperature in Fever

In fever the balance between heat production amd heat loss
persists except the thermostat (hypothalamus) is set higher. Sali-
cylates act to reset the thermostat and heat dissipation ie sugmented
by increased peripheral blood flow and swaating.25 Unless the heat
elimination keeps pace with production the body tempersture must rise.
Elevated temperature usually makes @ child uncomfortable and restless
so some form of hydrotherapy may be ordered to check the rise of the
fever and to provide relaxation.?7 Pickering states that present
knowledge suggests that:

Small deviations in central body temperature are

opposed by corresponding deviations in cutaneous vasomotor

tone. Larger deviations upward and downward are opposed

respectively by sweating and shivering. The effector

mechanisms are activagod chiefly and persistently by
cutaneous ruceptors.z

IV, HYDROTHERAPY FOR FEVER

Water absorbs sand gives off heat rapidly. 1In the administration

of either heat or cold there is a certain effect due to the temperature

25@. R. Hyndman and J. Wolkin, "The Automatic Mechanism of Heat
Conservation and Dissipation,” American Heert Journsl, 22:289-304,
September, 1941.

26L. 8. Goodmen and Alfred Gilman, The Pharmecolegical Basis of
Therapeutics (New York: The MacMillan Company, 1953), p. 283.

27Robert A. Lyon and Bigie M. Wallinger, Mitchell's ?gg%at§§et
end Pediatric Hursing (Philadelphia: W, B. Saunders Company, .
p. 178,

28pickering, op. cit., p. 8.
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of the water used which is called the intrinsic effect. Another is
due to the reaction of the body to the temperature of the water used
and is called the reactionary effect. The intrinsic effect of either
heat or cold is always the opposite to the reactionary effect. The
intrinsic action of cold is & vital depressant. Very soon after it has
been applied the body reacts and s stimulative effect is produced.
In the young or old, reasction is slow, sometimes not occuring st all.29
This implies that children may not have the desired reaction following
& cold treatment.

in some cases when the periphersl tissues are coocled the
returning blood flow to the skin remains below normal and the patient
is left with a cool skin but the rectal temperature remains high. In
such circumstances, vasoconstrictor reflexes initiated by the cool
skin may outweigh the central vasodilating influences of the warm blood.
The skin remeins relatively bloodless; the blood is not cooled and the
deep heat is not extracted. Furthermore, the cold skin reduces the
opportunities for heat loss at the surface by convection and radiation.
The results may be maintenance of high deep tissue temperature in
spite of the effects produced by cooling. At times the reflexes
from the cold skin are so strong that the patient chills and his
temperature may even rise. ¥ PFor these reasons a tepid bath is recom~

. mended for infants3! for its antipyretic and soothing effects. The

29w1111an W. Worster, Elements of Physical Medicine (3an Gabriel,
California: The College Publishing Company, 1947), pp. 130-131.

J0gerbert Worley Kendell, Fever Therapy (Springfield, Illimois:
Charles C. Thowas Publisher, 1951), p. 49.

3lgertrude 8. Finnerty and Theodore Corbitt, Hydrotherapy
(Kew York: Frederick Ungar Publishing Company, 1960), p. 40.
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physical principle upon which this treatment is based is:

The cuteneous vessels ordinarily store about 10% or more
of the volume of blood in the body. However, the skin vessels
can accommodate almost 2/3 of the blood supply of the body...
In the presence of heat, the small cutaneous blood vessels
dilate. The skin is then in position to dissipate body heat
by four methods: by svna:igg {evaporation), radiastion,
conduction, and counvection.

No studies were found in which differeat methods of administra-
tion of the cooling bath had been compared for effectiveness in

reducing fevers in children.
V. SUMMARY

Normal body temperature is regulsted by & central as well as
& peripheral mechanism. The central heat regulatory wechanism is
probably in the hypothalemus. Heat generated by the normal metabolic
processes is eliminated through the skin and the lungs primarily. A
disturbance of heat regulation, heat production, or heat elimination
will cause 2 rise or fall in body tempernture. Factors which dispose
to disturbance of these mechanisms include the environment, the
condition of the skin, disease, and stimuli such as emotion that
influence the hypothslamus as well as blood flow in the periphery.”

Water is efficient in conducting heat and hydrotherapy has
long been an sccepted method of fever control. However, relatively
little is known about how the body's heat regulation is aifected by
disease snd the best methods of administering wmild cooling measures

during febrile illnesses are still to be found.

321pid., p. 8.
33geeter, op. eit., p. 39.



CHAPTER IIIX
METHOD OF INVESTIGATION AND COLLECTION OF DATA

This experimental study 1s an extension of the earlier study of
cooling measures ss recommended by Merilyn Kueffner. After reading
her study and discussing it with members of the staff of the Department
of Pediatrics the decision was made to try to discover if a warm
immersion bath would be an effective way to reduce fevers due to
infection in children.

A vreview of the literature was made to discover (1) what
studies had been done on the reduction of fever, (2) the physiological
processes involved in the production of fever, aud (3) the effects of
hydrotherapy used to reduce fever in children. Ho studies were found
other than Kueffner's in which cooling baths had been used for children
with infections.

The experimental method with a retroactive comparison of a
parallel group was chosen to compare two procedures for the adminis-
tration of the cooliing bath. Two parsllel groups of children were
used., The Xueffner Group included seven subjects who had been given a
cool immersion bath. The data for tBe subjects in the Kueffner Group
had been collected by Kuefiner snd were taken from her study.

The subjects in the Kueffner Group had been immersed in a tub
of water 95 degrees Fahrenheit. Within five to seven minutes the
water was reduced to 75 degrees Fahrenheit. The subjects remained
immorsed in the water a total of twenty minutes, after which they were

fmmediately wrapped in a bath blanket and gently dried. 4 rectal

13
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temperature was taken for the subjects in the Kueffner CGroup before
the bath and at 15 minutes, 30 minutes, 45 minutes, and 60 minutes
following the bath. The thermometer was inserted into the rectum
to & depth of 2.5 cm. and held in place for three minutes.

The Experimental Group inclwded eight subjects who were given
& warm lmmersion bath by the lavestigator. The subjects in the
Experimental Group were immersed in a tub of water 100 degrees
Fahrenheit. Within five to seven minutes the water was reduced to
95 degrees Pahrenheit. The subjects remained immersed in the water a
total of fifteen minutes, sfter which they were lumediately wrapped in
a bath blanket and gently dried. A vectal temperature was taken for
the subjects in the Experimental Group before the bath and immedistely
following the bath, and at 15 minutes, 30 minutes, and 45 minutes
£ol}cﬂ1ag the bath., 4s with the Kueffner Group, the thermometer was
inserted into the rectum to a depth of 2.5 cm. and held in place for
three minutes.

The effectiveness of each method of administration of the
cooling bath was evalusted in relationship to the drop in body

temperature which was measured by the thermometer.
I. METBOD OF APPROACH

el of Facilities
The Pediatric Unit of one general hospital was selected for
the gathering of data. Letters>? asking permission te do the study

were sent to the Hospital Administrator, the Chairman of the Department

gee sppendix A,
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of Pediatrics, and the Director of Nursing Service. When permission
to do the study was granted personal interviews with mewbers of the
pediatric staff resulted in working out detsils which fecilitated the

collection of data.

Selection of Method

The experimental method with a retrosctive comparison of a
parallel group was selected for this study. The subjects in the
Kueffner Group had previously been givem a cool immersion bath. The
subjects in the Experimental Group were given a warm immersion bath.
An srbitrary decision was made to use the warm bath between 95 and
100 degrees Fahrenheit because water at this temperature (1) would
be several degrees cooler than the patient’'s rectal temperature, and
(2) would feel comfortable to the patieant during the entire treatment.
The decision to use a procedure of 15 minutes duration for the
Experimental Group as opposed to the 20 minute procedure used for the
Kueffner Group was to see if a shorter period of time would be as
effective.

Subjects were selected for the Experimental Group who would as
nearly as possiblé match those in the Kueffner Group in relationship
to diagnosis, age, and initial temperature. It was difficult to match
the groups 28 accurately as desired for these factors because of the
small number of subjects available.

Body surface area was not s fector in the selection of subjects.
However, the amount of surface exposed to cooling would relate to the
effectiveness of the treatment, so these data were collected to aid

in evaluating the similarity of the two groups. Body surface area



is
was calculated by using the nomogram made by R. R. Hannon for
estimating the surface areas of children according to the formula by

DuBois and DuBois.>?

Selection of i« tration of Procedure

The subjects in the Kueffner Group had been given & cool
tomersion bath. Bach subject was placed in & tub of water 95 degrees
Fahreoheit., Within five to seven minutes the temperature of the water
was reduced to 75 degrees Fahrenheit. The temperature was reduced
gradually in order to keep the sugmentation of heat production at a
winisum level.36

Bach subject remained in the water for twenty minutes to allow
time for the vascular defense mechanism to become insufficient to
cope successfully with the demand placed upon it to constrict the
blood vessels and comserve heat.>/ During this time gentle rubbing
was applied to the body parts to ald vasodilatation and consequent
heat loss.38

Following the procedure each subject was removed from the tub

and immediately wrapped in & cotton bath blanket and thoroughly and

3Sgugene F. DuBois, Bass 2 He
{(Philadelphia: Lea and Febiger, 1935), p. 135.

36Josef B. Nylin, “Hydrotherapy" in Principles and Practice of
Physical Therapy, Vol. III, Harrey E. Mock, Ralph Pemberton, and John
$. Coulter (eds.), (Hagerstown, Maryland: W. F. Prior Cowpany, Inc.,
1933), Chapter 20,

31pid., p. 2.
38pinnerty and Corbitt, op. git., p. 20.
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gently dried. Close observation was wmade for any signs of chilling
during the procedure and for one hour following treatment. The
subjects' rectal temperatures were taken lmmediately before beginning
the bath and at fifteen, thirty, forty-five and sizty minutes following
the procedurs.

The subjects in the Experimental Group were given & warm
immersion bath. Each subject was placed in 2 tub of water 100 degrees
Fahrenheit. Within five to seven minutes the temperature of the water
was reduced to 95 degrees Fahrenheit. These water temperatures were
used because the subjects would be comfortably warm during the entire
treatment and the water would be several degrees lower than the rectal
tempersture of the subjects.

Bach subject remained in the water for fifteem minutes to see
if & period less than 20 minutes would be as effective in reducing
the rectal temperasture. During this time it was not necessary to rub
the body parts as the subjects were comfortable without friction to
the skin, Water from the tub was aspplied by hand to the arms, chest
and upper back during the treatment. This process end the movement of
the child kept the water in the bath moving enough so the water
temperature was uniform.

Following the procedure each subject was removed from the tub
and fmmediately wrapped in a cotton bath blanket and thoroughly and
gently dried, EHach subject was observed for one hour for siguns of
chilling. Rectal temperatures were tsken and recorded immediately
before the bath and at fifteen, thirty, forty-five and sixty minutes

following the initial temperature.
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New Chieftain rectal thermometers were used throughout the
study. They were marked with red lacquer to fansure the accurate depth
of insertion for each patient as in Kueffner's ntudy.39 The thermometer
was inserted into the rectum to 2 depth of 2.5 em. and was held in
place for three minutes. One new Taylor bath thermometer was used to
measure the temperature of all water used in the procedures during the

study.

tion Patients for th tsl G

Patients were chosen who met the following criteria:

1. They were six wmonths to three years of age.

2. They had a rectal temperature of 101 degrees Fahremheit
or over.

3. Bbo asantipyretic or other cooling measure had been given
within four hours.

4. Infection was disgnosed as the cause of the fever.

This is the same criteris used in the selection of the patients
in the Kueffuner Group with the exception of the degree of the rectal
temperature. All subjects in the Kueffner Group had a rectal tempera-
ture of 102 degrees Fahrenheit or over. This change wes made for the
Experimental Group so more children could be found to include in the
study.

Due to the difficulty of finding patients to meet these criteris

no attempt was made to match the two groups beyond this.

$Rueffuer, op. cit., p. 23.
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1I. COLLECTICH OF DATA

Permission to use the hospital clinical facilities was obtained.
Data on the Experimentsl Group were collected during December, 1962,
January and February, 1963. All children that were available during
the time the investigator was collecting data, who met the criteria,
were used in the Experimental Group.

In addition to having no antipyretic within four hours of the
cooling bath, aspirin was also withheld from patients included in the
study for the one hour during which the bath was given and the follow-
up rectal temperatures tsken. Often aspirin is given with & cooling
measure to fascilitate the lowering of the body tempersture. All
subjects in the Experimentsl Group had received sntibiotics before
the bath.

411 data for the subjects in the Experimental Group were
collected by the investigator to insure a maximum interest in
accurascy in the technique used. A specisl form was used for recording
the necessary information,40

The technique of administration of the bath was perfected om

a patient with fever who was not imcluded in the study,
III. SUMMARY

The experimental method with a retroactive comparison of =
perallel group was used to evaluate the relative effectiveness of two

methods of administration of the cooling bath for reducing fever due

40gee Appendix B.
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to infections in children. Subjects in the Kueffuner Group had been
immersed for twenty minutes in & tub of cool water. The subjects in
the Experimental Group were immersed for fifteen minutes in & tub of
warm water. Following the procedures each subject was immediately
wrapped in a cotton bath blanket and thoroughly and gently dried.

The relative effectiveness of the method of administration was
evaluated by taking a rectal tempersture before the bath and at fifteen,

thirty, forty-five and sixty minute intervals following the procedure.
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CHAPTER IV
ANALYSIS AND INTERPRETATION OF DATA

This experimentsl study was done to evaluate the relative
effectiveness of two methods of administration of the cooling bath for
reducing fever due to infection in children. 4 total of seven subjects
in the Xueffner Group had been givan s cool immersion bath. A total
of eight subjects in the Experimental Group were given s warm immersion
bath. The relative effectiveness of each treatment was evaluated in

relationship to i&u drop in vectal temperature following the treatment.

I. PRESENTATION OF DATA

piaguosis of the Patients
All the patients in the study had fever due to infection. The

diagnosis was obtained from the patients' charts. Table I shows the
diagnosis of the subjects in the Kueffner Group who were given a cool
imeersion bath and the diagnosis of the subjects in the Experimental
Group who were given a warm immersion bath. The diagnoses were similar
for the two groups. No follow up was done to find out if any fever

was due to & subsequently diagnosed viral disease.

Age of the Patients

ALl of the patients were between the ages of six months and
three years, with one exception. Omne subject in the Experimental Croup
was thirty-seven months of age. This subject was included in the

category of subjects thirty-one mouths to thirty-six months. Table II

23
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shows the ages of the subjects in the Kueffmner snd the Experimentel
Group. In the age groups from six months to eighteen mouths the
subjects in the two groups were fairly well matched, All three
children between nineteen and thirty-six months were in the Experimental

Group.

Body Surface Area
Because of the limited number of patients available it was not

possible to select subjects who matched accurately in body surface
area. However, the distribution of cases by bedy surface area in the
two groups is fairly comparable. Table III shows the body surface

area of the subjects in the Rueffner Croup and the Experimental Group.

Initial Temperature

A temperature referred to as the initial temperature was taken
on each child immediately preceding his cooling beth. While a rectal
temperature of at least 101 degrees Fahrenheit was required, the
initial temperatures varied from 101.6 to 105.2 degrees Fahrenheit.
Table IV shows the initial temperatures of the subjects in the tweo
groups. The three lowest initial temperatures were all in the
Experimental CGroup and the highest initial temperature was in the
Kueffner Group. The initial temperatures in the Kueffuner Group
tended to be high while the initial temperatures in the Experimental

Group tended to be lower.

Degree of ature Foll Coo asure
The mean drop in temperature was computed for the subjects in

the Kueffner and the Experimental Group. The mean initial temperature
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DISTRIBUTION OF CASES BY DIAGNOSIS
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Plagnosis mgﬁ ré::up

Enperimental Group
Warm Bath

Acute tonsilitis
Bronchiolitis
Bronchopneumonia

Croupe

Bxudative tousilitis

Fever of undetermined origin
Herpes Stomititis

Infection of V.S5. shunt
Lobar pneumonis

Otitis media, upper respiratory infection
Pharangitis

Upper respiratory infectiom

-

P

Pt ot o et
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TABLE I1
DISTRIBUTION OF CASES BY AGE
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Kuefiner Group

Experimental Group

Age Cool Bath Warm Bath
6 - 12 months 5 3
13 - 18 months 2 2
19 « 24 months 1
25 « 30 months 1
31 - 36 months i
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TABLE IIX
DISTRIBUTION OF CASES BY BODY SURFACE AREA

Body Surface Area Eueffner Group Experimental Group
Square Meters Cool Bath Warm Bath

.6&
«50
+438
4H
Jak
’42
40
.38
+ 36
32

o
S I

(S T
ot g ot
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TABLE IV
DISTRIBUTION OF CASES BY INITIAL TEMPERATURE

Initial Temperature Rueffner Group Experimental Group
Degrees F. Cool Bath Warm Bath
101 - 102 3
102.2 - 103 3 3
103.2 - 104 1
104.2 - 105 2 2
105.2 - 106 1
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for the Kueffner Croup was 103.8 degrees Fahrenheit. Fifteen minutes
following the bath another temperature reading had been recorded. This
was thirty-five winutes following the time the initial temperature was
taken. At that time the mean drop in temperature for the Kueffner
Group was 2.8 degrees. At fifty minutes following the initial
temperature the mean drop in temperature was at ¢ maximum of 3.2
degrees. At sixty~-five minutes following the initial temperature the
wean temperature drop had lessened to 2.3 degrees for the Kuefiner
Group. At eighty winutes following the initial temperature the mean
temperature drop for the Kueffner Group was 1.94 degrees.

In the Experimental Group the mean initial temperature was
102.8 degrees Fahrenheit. Immediately following the procedure another
rectal temperature reading was recorded. This was fifteen minutes
following the time the initial temperature was taken. At that time
the mean drop in temperature for the Experimental Group was .65 degrees.
At thirty minutes following the initisl temperature the mean drop in
temperature for the Experimental Group was .92 degrees. At forty-five
minutes following the initial temperature the wean drop in temperature
was at & maximum of 1.22 degrees. This mean drop of 1.22 degrees was
retained at sixty minutes following the time of the initial tewperature
in the ixperimental Group.

It was found that the mean drop in temperature was greater for
the subjects in the Kueffuer Group who were given the cool bath at all
time periods than for the subjects 11: f.he &p«rh&aul ‘Gran;'r %r;w wsrc
given the warm bath. This could be éue ai:hyr to tha iw aﬂtn

temperature or longer time period of the cool hmrlm bath., Pigure 1



indicates the meau drop in temperature of subjects in the Kuefiner
Group and in the Experimental CGroup following the cooling measures.

Figure 2 indicates the sctual degree of temperature change for
¢ach subject and tfm mean temperature change for subjects in the
Kueffoner Group. All subjects in the Kueffner Group showed & drop in
temperature reading between the initial temperature and the temperature
taken thirty~five minutes following the initial temperature. Subjects
number 2, 3, and 4 showed an additional temperature drop fifty minutes
following the initial temperature while subjects number 1 and 5 had
& temperature rise and subjects 6 and 7 remained the same at this time.
The temperatures of all subjects in the Kueffner Group had begun teo
rise sixty-five minutes following the initial temperature, and all
except subjects number 5 and 6 continued to rise at eighty minutes
following the initial temperature. The subjects with the highest
initial temperatures in the Kueffner Group showed the greatest drop
in temperature.

Figure 3 indicates the actual degree of temperature change for
each subject and the mean temperature change for subjects in the
Experimental Growp. The changes in rectal temperature for the subjects
in the BExperimental Group is not as uniform as in the Kueffner Group.
All subjects showed a drop in temperature reading between the inicial
temperature and the temperature taken fifteen minutes following the
initial temperature except subject number 7 whose temperature rose
.2 degree. There was a range from .2 degree to 2.2 degrees in the
temperature drop in the other subjects in the Experimental Group during

this same fifteen minute time period. All subjects in the Experimental
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Group showed en additional drop in temperature thirty minutes following
the initial temperature except subjects number 4 and number 8. Subject
oumber 4 had a temperature rise of .8 degree and subject number 8 had
a temperature rise of 1.2 degrees. Most of the subjects in the
Experimental Group had a2 temperature drop at forty-five minutes
following the initisl temperature. Only subjects number 1 end 2
showed a temperature rise st this time interval. GSixty minutes following
the initial temperature most subjects in the Experimental Group showed
another slight temperature drop or retained the same temperature as at
forty-five minutes following the initial temperature. Subjects number
5 and 7 had & temperature rise sixty minutes following the initisl
temperature. The mean tempersture for the Experiwmental Group showed
an overall downward tendency following the warm immersion bath. However,
the temperature reaction of individual subjects in the Experimental
Group was more diverse than the individual temperature reactions of
subjects in the Kueffner Group. There did not seem to be any consistent
pattern in temperature reactions of subjects in the Experimental Group
in relation to the height of the fnitisl temperature or the time at
which a general rise or leveling off in temperature appeared. Wo
follow up was done to see If say fever was due to an unknown viral

disease which was diagnosed later.

Medtcation
The effect of antibiotics on this study is not too clear but

sdministration of sntibiotics would have an indirect effect on the

temperature change of the patients.
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8ix subjects in the RKuefifner Group had received no previous
medication. One subject had received an initial dose of penicillin
the day preceding the treatment.
411 subjects in the Experimental Group were receiving anti-
bioties. The length of time that subjects in the Experimental Group

had been on antiblotic therapy varied from 24 to 120 hours.

Reac 13

While no particular criteria were set up to evaluate the reaction
of subjects to the treatment, Kueffner reported that the subjects in
the Kueffuer Group cried vigoriously during the procedure and two of
the group kept asking to be taken out of the water for approximately
the last ten minutes of the treatment. On the contrary all the
subjects in the Experimental Group relaxed during the warm bath and
the two children who cried at first were easily distracted and then
enjoyed the procedure. All subjects in the Experimental Group were
comfortable during the procedure and there was no problem of chilling.
Three of the four hospitalized subjects in the Experimental Group went
to sleep soon after they were returned to bed following the warm
imsersion bath. This was in contrast to the generally irritable and

restless state the subjects were in before the bath,

II. SUMMARY

Analyses were made of the diagnosis, age, body surface area, and
initial temperature of the subjects in the Kuefifner Group who were
immersed in a tub of cool water and the subjects in the Experimeatal

Group who were immersed in a tub of warm water. Analysis of the mean
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drop in temperatures following the two methods of administration of the
cooling bath indicated that for each interval during the entire time
period following the bath the mean drop in temperature was greater
for subjects in the Kueffner Group than for subjects in the Experimentasl
Group, The maximum mean temperature drop for subjects in the Kueffner
Group was 3.2 degrees Fahrenheit. The maximum mesn temperature drop
for subjects in the HExperimeatal Group was 1.22 degrees Fshrenheit.

All subjects in the Experimental CGroup had received antibiotics prior
to the administration of the cooling bath, but only one subject in the
Kueffner Group had received antibiotics.

While no criteria were set up to evaluaste the reaction of
subjects to each treatment, the subjects in the Kueffuner Group cried
vigoriously duriog the cool bath while the subjects in the HExperimental
Group were able te relax and enjoy the warm bath. Following the warm
bath three of the subjects went to sleep which was i{n contrast to

their generally restless aad irritable state before the bath.



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I, SUMMARY

This experimental study using a retroactive comparison of a
parallel group was conducted to evaluate the relative effectiveness
of two u@thods of administration of the cooling tub bath for reducing
fever due to infection. Children age six months to three years whose
rectal temperatures were 10l degrees Fahrenheit or over were selected.
The two cooling baths used were (1) patients in the Kueffner Croup had
been immersed in a tub of water 95 degrees Fahrenheit which was
reduced to 75 degrees Fahrenheit within five to seven minutes, with
the subject remaining in the tub a total period of twenty minutes,
and (2) patients in the Experimental Croup were immersed in a tub of
water 100 degrees Fahrenheit which was reduced to 95 degrees Fahrenheit
within five to seven minutes, with the subject remaining in the tub
for a total period of fifteen minutes.

A review of the literature revealed that normal body temperature
is regulated by a centrsl as well as a peripheral wmechanism. A
disturbsnce of heat regulation, heat production, or heat elimination
will cause a rise or fall in body temperature. Water is efficient in
conducting heat and hydrotherapy has long been an accepted method of
fever control, However, relatively little is known about how the
body's heat regulation is affected by disease and the best wethods of

administering mild cooling measures during febrile illnesses are still
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to be proved. Only one study was found in which cooling baths were
used to reduce infectious fevers im infants and children.

The experimental method with a retroactive comparison of a
parallel group was used in conducting the study. 1In a previous study
by Rueffner, seven subjects referred to as the Kueffuner Group were
immersed in a tub of water 95 degrees Fahrenheit which was reduced
within five to seven minutes to 75 degrees Fahrenheit. After remaining
in the tub for & total of twenty minutes, each subject was removed and
gently dried with a cotton bath blanket. The clothing was replaced.
For the present study, eight additional subjects referred to as the
Experimental Group were immersed in a tub of water 100 degrees
Fahrenheit which was reduced within five to seven minutes to 95 degrees
Fahrenheit. After remaining in the tub & total of fifteen minutes,
each subject was removed and gently dried with a cotton bath blanket.
The clothing was replaced.

On all subjecte in each group a rectal temperature was taken
before beginning the cooling bath and st fifteen minute intervals
following, for one hour. The thermometer was inserted into the vectum
to & depth of 2.5 em. and held in place for three minutes. The
reactions of each child in the bath were noted and recorded.

Twelve diagnoses were recorded for the fifteen childrem in the
two groups. The subjects were not matched according to the type of
infectious fever. In the age groups from six months to eighteen wmonths,
the subjects in the Kueffmer Group and the Experimental Group were well
matched for age. Three subjects in the age groups nineteen months to

thirty-six months were given the warm immersion bath, but no subjects
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in these age groups were given the cool immersiou bath. The subjects
in the two groups were fairly well matched according to body surface
area and initial temperature. However, the initial temperatures of
the subjects in the Kueffner Croup tended to include more high
temperatures and the subjects in the Experimental Group included the
three lowest temperatures. The mean drop in temperature for subjects
given the cooi bath was 2.8 degrees at thirty-five minutes, 3.2 dagrees
at forty~five minutes, 2.31 degrees at sixty~-five minutes, and 1.94
degrees at eighty minutes foliawins the initial temperature. The
rectal temperatures for subjects in the Experimental Group were taken
at different specific numbers of minutes following the initial tempera-
ture due to the differemce in the length of the two procedures. The
mean drop in temperature for subjects given the warm bath was 0.63
degrees at fifteen minutes, 0.92 degrees at thirty minutes, 1.22 degrees
at forty-five minutes, and 1.22 degrees at sixty minutes following the
initial temperature. The mean drop in temperature for subjects in
the Eueffner Group, who were given the cool immersion bath, was greater
at all time intervals than for the subjects in the Experimental Croup,
who were given the warm immersion bath. Subjects in the Kueffner Group
who had the highest initial temperatures had the greatest temperature

drop, but this was not true of the subjects in the Experimental Group.
II. CONCLUS IONS

The findings of this study would suggest that the hypothesis
be rejected. Immersion in a tub of warm water for fifteen minutes as

used in this study does not appear to be as effective in producing a
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temperature drop for fever due to infection as immersion in a tub of
cool water for twenty minutes. It is recogrnized that this extremely
swall series does not allow for unqualified conclusions., It is also
recognized that the subjects in the two groups were not as equally
matched as could be desired.

Other conclusions drawn were:

1. That the mean drop in temperature was greater at all time
intervals following the procedure in which the subjects were immersed
in the cool baths.

2. That the mean drop in temperature for those subjects given
a cool immersion bath was greater fifteen and thirty minutes following
the bath then it was forty-five and sixty minutes following the bath.

3. That the mean drop in temperature of subjects immersed in
the warm tubs was not as great as that of the subjects immersed in the
cool tubs but the maximum drop in temperature was maintained longer.

4. That the subjects immersed in the warm tubs appeared to
relax during the treatment and even those who cried some at first

could be distracted and enjoyed the bath later.

III. RECOMMENDATIONS

As a result of the findings of this study, the following
recommendations were made:

1. That further and more extensive study be conducted to
evaluate the relative effectiveness of the two cooling measures compared
in this study.

2. That study be made of the effectiveness of other cooling

measures commonly used by nursing persomnnel.
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3. That study be made of the effectiveness of a cooling bath
that has water temperstures im relation to the imitial rectal tempera~-
ture of the individual patient treated.

4. That study be made to see if the amount of time used in &
cooling bath, to lower the tewperature of the patient, is related teo
the length of time the temperasture remains lowered before it starts to
rise.

5. That comparison be made of the effectiveness of aspirin
and aspirin in combination with & cooling measure.

6. That study be made of the effectiveness of cooling measures
for reducing fever due to causes other than infections.

7. That study be made of the effectiveness of cooling measures

for reducing fever due to specific types of infections.
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137 Butterfield Road
West Covina, California
November 11, 1962

White Memorial Hospital
1720 Brooklyn Avenue
Los ingeles 33, California

Dear

Hay I have your permission to gather data for a research study
in the Pediatric Department of the White Memorial Hospital?
The research will compere the effectiveness of the use of

two cooling measures in veducing fevers of children. 1 am

a student in the Graduate Program in Nursing of Loma Linda
University.

Miss Schaeffler has suggested that with certain limitations
the study could be done within the existing organization of
the ward., I would expect to work uander the direction of the
house staff of the Department of Pediatrics duriasg the study.

Sincerely,

{(Mrs.) Mildred B, Howard
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FORM FOR COLLECTING DATA

Name :

Date:
Birthdate:
Welght:
Helght:
Plagnosis:
Medications:

Comments

Procedure:

Time:

Temperatures
Before:
After 15 min:
30 win:
45 min:
60 min:
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ABSTRACT

The purpose of this study was to evaluzte the relative effective-
ness of two methods of administration of the cooling bath for reducing
fever due to infection. Fifteen infents and children age six months to
three years with rectal temperatures of 101 degrees Fahrenheit or over
were included in the study.

The experimental method with & retroactive comparison of &
perallel group was the research approach used. For a previous study
by Kueffner, seven subjects had been immersed in tubs of water 95 degrees
Fahrenheit which was gradually reduced to 75 degrees Fahrenheit, each
subject remeiniong in the tub a total of twenty minutes. These subjects
were the Kueffner Group for this study. The eight subjects in the Experi-
mental Group were immersed in tubs of water 100 degrees Fahrenheit which
was gradually reduced to 95 degrees Fahreuheit, each subject remaining
in the tub for & total of fifteen minutes.

Immediately following each procedure, each subject was gently
dried with a cotton bath blanket. A rectal temperature was taken
immedistely beforsz the administration of esch cooling bath and at
fifteen, thirty, forty-five, and sixty minute intervals following the
procedure. The relative effectiveness of the method of administration
of the cooling bath was evaluated by the messured amount of drop in
rectal temperature following the bath.

inalyses were made of the diagnosis, age, body surface area,
and initial temperature of the subjects. An analysis of the mean drop

in temperature indicated that the mean temperature of subjects given
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the cool immersion bath was lower for all time intervals than was the
mean temperature of subjects given the warm immersion bath. The mean
temperature drop for subjects in the Kueffner Group who were given the
cool immersion bath was & maximum 3.2 degrees thirty minutes following
the treatment and was 1.94 degrees Fahrenheit sixty winutes following
the treatment. The mean temperature drop for subjects in the Experi-
mental Group who were given the warm immersion bath showed a gradual
decline following the treatment and was 1.22 degrees Fahreunheit at the
end of one hour.

Because of the small number of subjects it was impossible to
draw unqualified conclusions, but it would appear that immersion in
a tub of water 95 degrees Fahrenheit which was gradually reduced to
75 degrees was more effective than the warm immersion bath as used in
this study for causing 2 drop in rectal temperatures due to infection
in children.

While no criteris were set up to evaluate the reaction of
subjects to esch treatment, the subjects in the Kueffner Croup cried
vigoriously during the cool bath while the subjects in the Experi-
mental Group were able to relax and enjoy the warm bath. Following
the warm bath three of the subjects weut to sleep which was in contrast

to their generally restless and irritable state before the bath.

------
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