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CHAPTER 1
INTRODUCTION

In the early 1900s, the importance of maintaining an
infant's body temperature began to be more intensely
studied by researchers concerned with excellence in the
care of the newborn (Oliver, 1977). The fact was docu--
mented that newborn infants lose body heat to the surround-
ing environment if agressive precautions are not taken.

The premature infant with his unique body structure and
other physical characteristics is especially prone to lose
body heat to the cooler environment. This process of heat
loss is a stressor to the newly born infant and causes a
metabolic reaction to take place which should be prevented,
especially in the premature infant.

Nurses have used many different techniques and types
of equipment to help maintain an infant's temperature
within a thermoneutral range. One method that is employed
forms a prototype for this study. This method consists of
using a stockinet cap on the heads of premature infants who
are being weaned from their incubators to open bassinets.
The cap has been found adequate under most circumstances to

maintain a premature infant's temperature within a

1
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thermoneutral range. Given that this method works on
premature infants at one phase in their development, would
this same technique work at an earlier time when premature
infants experience their greatest exposure to cold stress,

namely right after delivery?

Problem of Study

The problem of this study was to determine if the use
of a stockinet cap would affect heat loss in premature

infants from birth until admission to the nursery.

Justification of Problem

Korones (1972) stated that provision of an optimal
thermal environment is one of the most important aspects of
effective nursing care of the newborn due to the effect
cold has on a newborn infant. There are numerous reasons
why cold stress should be kept at a minimum, especially for
the premature infant. Around the turn of the 20th century,
Budin established that premature infants have a better
survival rate if they are kept warm (Besch, Perlstein,
Edward, Keenan, & Sutherland, 1971; Oliver, 1977). Warmth is
essential for conserving energy and promoting the infants'
growth and weight gain (Eoff, Meier, & Miller, 1974, Glass,
Silverman, & Sinclair, 1968, Korones, 1972). In addition,

provision of a thermoneutral environment for the newborn

results in a more satisfactory recovery from birth asphyxia
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(Adamsons & Towell, 1965; Gandy, Adamsons, Cunningham,
Silverman, & James, 1964; Schultz, Soltész, Molnir, &
Mestyﬁn, 1979). Cooling of an infant also results in an
increased metabolic rate, thereby increasing oxygen con-
sumption (Bruck, 1961, Taylor, 1971). Ziegal and Van
Blarcom (1972) pointed out that chilling a baby after birth
interferes with his ability to produce surfactant which is
of particular importance in proper lung function in
premature babies.

Physicians and nurses are aware of the numerous ill-
effects of cold on the newborn, especially the premature
infant. An infant loses heat by four modalities:
conduction, convection, radiation, and evaporation. Con-
duction refers to transference of heat by direct contact
with a cooler object, such as placing an infant on a cold
metal scale. Convection refers to heat lost to cooler air
blowing across the infant. Radiation is the transfer of
heat through air or a vacuum with direct contact not being
necessary. An example is heat being lost to a cool
incubator wall that is next to a cool window. Evaporation
is the cooling that occurs when body heat is used to
vaporize a liquid such as amniotic fluid (Porth & Kaylor,
1978). In the delivery room, the infant is subject to heat

loss from all four of these modalitites, but "heat loss due
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to radiation and convection together is twice that from
evaporation'" (Dahm & James, 1972, p. 512).

The premature infant is more at risk for heat loss
than the full-term infant due to the unique characteristics
of the premature infant. Adamsons (1966) has stated that
thermal stability is mainly a function of body size, amount
of surface area, amount of thermal insulation and the
degree to which heat output can be increased. The pre-
mature is at risk in all of these categories. The infant
has a small body size and a relatively large surface area
with which to discharge heat to the surrounding environment.
He has a deficient amount of subcutaneous fat to serve as
insulation. While heat production is functional from the
onset of life, it is insufficient to counterbalance the
heat lost (Briuck, 1961). Bruck (1961) in his research in
the area of thermoregulation in the newborn determined that

heat loss per surface unit is 40% greater for newborn

infants than for adults. . . . We may expect a heat
loss in full-term infants about four times as great
per body weight unit as in adults, and in premature

infants (1,500 gm) at least 4.9 times as great as in
adults. (rp. 103-104)

This phenomenon is primarily due to the fact that at birth
the full-term infant's body weight is only 5% of adult body
weight, but his surface area is 15% of the adult's. "This

discrepancy between weight and body surface area is even

creater for low birth-weight infants" (Korones, 1972,
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p. 60). Because the body surface area is relatively
large in comparison with weight, the infant, especially
the premature infant, has greater opportunity to lose heat
to the environment. Another reason the premature infant
is more at risk to lose heat is the characteristic posture
of the premature that results in increased surface area.
A full-term infant characteristically keeps the extremities
flexed, thereby decreasing the amount of surface area that
is available for heat exchange. The premature infant due
to neurologic immaturity keeps the extremities extended
providing a larger surface area for heat exchange (Cliver,
1977).

In recent years, radiant warmers were developed to
provide a source of external heat that would allow proce-
dures and observations to take place in an open environment.
Use of a radiant warmer, in addition to drying the infant,
has proved to be effective in maintaining the full-term
infant's body heat. The full-term infant has little
problem maintaining body temperature, while a premature
infant often has lost body heat before arrival in the
nursery (Dahm & James, 1972; Du & Oliver, 1969; Rosen,
Dupuis, & Wichman, 1978).

In the researcher's experience, a large number of
newly born premature infants have been identified as being

hypothermic on admission to the nursery. A study resulting
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in similar observations was done by three nurses who were
concerned with the thermoneutral conditions in the delivery
room at their hospital. They compared the first three
rectal temperatures taken on infants born vaginally and by
Cesarean section. The researchers concluded:

that the present methods of thermoregulation in

the delivery room seem satisfactory for infants

with adequate brown fat deposits, but that infants

who are small for dates or premature need special

care to ensure heat preservation. Aware of their

problems, delivery room staff can prepare better

for the delivery of these infants. (Rosen et al.,

1978, p. 1693)
This present study was undertaken to determine if the use
of a stockinet cap immediately after delivery as an

additional nursing measure would help maintain a premature

infant's body temperature within a thermoneutral range.

Conceptual TFramework

Neuman's (1974) health-care systems model, '"total
person approach to patient problems" (p. 99), has designed
a model for nurses to use as a guide for care and services
aimed at assisting an individual or group in attaining and
maintaining a maximum level of wellness. The nurse's
function is directed toward reducing the stress factors
and any adverse conditions that may interfere with optimal
functioning in a given client situation. Neuman (1974)
continued by emphasizing that the current trend in health

care is toward primary prevention. She defined primary
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prevention as relating to ''general knowledge that is
applied to individual patient assessment in an attempt
to identify and allay the possible risk factors associated
with stressors'" (p. 101).

In the model, Neuman (1974) conceptualized man as a
series of concentric circles with the innermost circle
representing the basic survival factors such as normal
temperature range, one's genetic structure, individual
response pattern, the strength and weakness of various
body parts, and ego structure. The surrounding larger
circles represent the individual's lines of resistance,
which are the person's '"internal set of resistance
factors which attempt to stabilize and return him to his
normal line of defense should a stressor break through it"
(p. 101). The outermost circle, a broken line, is the
flexible line of defense which signifies one's ability to
ward off stressors.

This flexible line of defense serves as a buffer for
the normal line of defense which is a person's steady state
developed over time. The flexible line of defense can be
weakened by periods of under-nutrition and lack of sleep
and strengthened by proper exercise and good nutrition.

Any stressor has the potential of incapacitating or
reducing the integrity of the lines of resistance, thereby

lessening one's ability to cope with any further stressors
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which might come along (Neuman, 1974). Selye (1956)
previously had noted this phenomenon in his research on
stress. In defining the stages of the stress syndrome,
Selye discussed the stage of resistance saying that:
The stage of resistance received its name because
here, resistance to the particular agent, which
produced this stage of the (general or local)

adaptation syndrome, is at its peak; yet at the same
time, resistance to most other agents tends to fall

below normal. (p. 227)

Thinking in terms of Neuman's (1974) model, this would mean
that if an individual is exposed to numerous stressors, or
agents in Selye's terms, at any one time, there is
increased possibility that the lines of resistance and the
lines of defense would be broken, thereby causing a threat
to the innermost basic structure.

In Neuman's (1974) model, intervention can occur any
time a stressor is suspected or identified. Prevention
can be either primary, secondary, or tertiary. 'Primary
prevention relates to general knowledge that is applied to
individual patient assessment in an attempt to identify and
allay the possible risk factors associated with stressors"
(Neuman, 1974, p. 101). Prevention is secondary when
intervention begins after symptoms have been identified.
Tertiary prevention is the rehabilitation process beginning

after active treatment has begun and some degree of

stability has been reached.
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"The health-care systems model is intended to
represent an individual who is subjected to the impact of
stressors'" (Neuman, 1974, p. 101). The newborn infant,
especially the premature infant, is an individual who is
subject to the impact of many stressors such as cold,
physical sensations, nursing procedures, and changes in
body position. This infant defends his inner basic
structure by his flexible and normal lines of defense and
his lines of resistance.

The infant's normal line of defense is the layer of
subcutaneous fat (generally known to be inadequate in
premature infants), posture, normal level of vasoconstric-
tion, and normal rate of metabolism. The infant's
flexible line of defense would refer to the general
condition at birth, and would vary depending on such
factors as oxygenation, vigor, nourishment, and metabolic
state. When the stressor cold penetrates the normal line
of defense in a premature infant, the infant reacts by
activating the lines of resistance, which means increasing
the metabolic rate, increasing vasoconstriction, and
mobilizing brown fat.

The nursing care given to newborns as well as all
other patients should be aimed at primary prevention.

Neuman (1974), in talking of primary prevention stated:
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The "actor'" or intervenor would perhaps attempt

to reduce the possibility of the individual's

encounter with the stressor or in some way

attempt to strengthen the individual's flexible

line of defense to decrease the possibility of a

reaction. (p. 104)
Consequently, the addition of a cap to a premature infant
after delivery should aid in prevention of cold stress by
(a) reducing the possibility of the infant's encounter with
the stressor cold by reducing the surface area available
for heat exchange and (b) strengthening the infant's
flexible line of defense by providing increased insulation

from the cold, thereby preventing or decreasing initial

loss of body heat.

Assumptions

The following assumptions were made:

1. It is desirable to maintain a newly born premature
infant's body temperature within a thermoneutral range.

2. Since an infant's head is a large portion of his
total body surface area, he loses a significant amount of
heat through his scalp.

3. Primary prevention of penetration of the stressor

cold is preferable to secondary prevention.
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Hypotheses

The hypotheses for this study were:

1. There will be no difference on arrival in the

nursery in the admission axillary temperatures of premature

infants who receive a stockinet cap after delivery and
premature infants who do not receive a cap after delivery.

2. There will be no difference in the amount of heat
lost from the time the axillary temperature is obtained in
the delivery room until the axillary temperature is
obtained in the nursery in premature infants who receive a
stockinet cap after delivery and premature infants who do

not receive a cap after delivery.

Definition of Terms

For the purposes of this study the terms used herein
were defined as follows:

1. Arrival in the nursery--a lapse of no more than
10 minutes after the infant arrived in the nursery from

the delivery room.

2. Cap--a sterile headpiece made of stockinet (a
material used to protect the skin under orthopedic casts)
which covers the forehead, the ears, underneath the

occipital bone, and all the area above this plane.
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3. Axillary temperature--the temperature obtained by
using an IVAC electric thermometer in the test mode held

under the right arm for 5 minutes.

4. Amount of heat lost--the temperature difference
between the axillary temperature obtained in the delivery

room and the axillary temperature obtained in the nursery.

Limitations

The variations present in the study over which the
researcher had no control were:

1. The time at which the umbilical cord was clamped.

2. The amount of time between birth and arrival in
the nursery.

3. The use of drugs which may cross the placental
barrier that were given to the mother prior to delivery.

4. The temperature and humidity in the delivery room,
halls, elevator, incubator, and nursery.

5. The amount of time that any body part was exposed
to air prior to complete delivery.

6. The time the initial axillary temperature was
taken in the delivery room.

7. The temperature of the radiant warmers.

8. The infants who had blood drawn for culture.

9. Whether or not the premature infants were hand

carried or transported in incubators to the nursery.
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10. The infants who received oxygen by face mask

after delivery.

Summary

This chapter presented an introduction to the problem
of heat loss in premature infants. The problem of this
study was: to determine if the use of a stockinet cap
would have an effect on heat loss in premature infants
from birth until admission to the nursery. Findings from
literature and the researcher's experience were used to
support the importance of this problem to nurses caring for
premature infants. Neuman's model was outlined as a
conceptual framework for the study. The assumptions made
were stated along with the hypotheses. The terms used

in this study were defined and the limitations stated.



CHAPTER 2
REVIEW COF LITERATURE

This chapter includes studies related to thermo-
regulation. The chapter begins with a brief synopsis of
progress made in thermoregulatory knowledge and techniques
used to prevent hypothermia in newborns since the early
1900s. Studies are cited that show both full-term and
premature infants to be at risk to lose body heat. The
next topic deals with the consequences heat loss has for a
premature infant. Various methods and techniques of
maintaining body temperature in newborns are discussed
followed by some studies that correlate skin temperatures
with increased metabolic rate. Studies are then presented

on the various types of thermometers available.

Historical Perspective

There has been much interest in the whole area of
thermoregulation in the newborn, particularly in the last
80 years. Questions regarding what is the ideal temper-
ature for a newborn infant, what effects do different
temperatures have on newborn infants, what are normal

ranges of temperatures, how to keep infants in a thermal

neutral environment, and many others of similar nature have

14
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been the subject of research. Budin, historically the
first neonatologist, brought the importance of temperature
regulation in newborns to the notice of other researchers

with his book, Le Nourisson (The Nursling), published in

the early 1900s. Budin (cited by Oliver, 1977) found
that infants weighing less than 2,000 gm had a mortality
rate of 90% if the body temperature was allowed to fall
between a range of 32-33.5°C. This mortality rate
increased to 98% if the temperature fell below 3890, If
the temperature was kept above 33.5°C the mortality rate
was substantially reduced to 23% in infants of comparable
size. '"'Sadly his [Budin's] observations were neither
fully understood nor appreciated in the first fifty years
of this century'" (Klaus & Fanaroff, 1973, p. 58).

Oliver (1977) continued to outline the progress made
in improving thermal conditions for newborn infants by
showing changes in care brought about by results of
research done in this area. In the early part of this
century, low birth-weight infants were heavily swaddled
and placed in open heated cribs as designed by Hess, a neo-
natologist. Cooney, in the 1930 Chicago Exposition,

exhibited low birth-weight infants in these open

incubators.

Later, enclosed, convection-heated incubators were

designed with the babies lying unclothed in them at



16
arbitrarily selected temperatures ranging between 28.9°C
and 31.6°C. In the early 19250s, some research was done
without control groups that reported demonstrating an
advantage in keeping premature infants in lower ambient
temperatures that resulted in hypothermia. In 1958,
Silverman, Fertig, and Berger clearly demonstrated that
infants kept in a higher ambient temperature of 31.6°C had
an improved survival rate. Two studies (Day, Caliguiri,
tfamenski, & Ehrlich, 1964; Buetow & Klein, 1964) were done
which showed that if infants weighing less than 1,750 gm
were placed in a convection-heated incubator at 31.6°C plus
an infrared heat input that would keep the skin at 360C,
the mortality of these infants would be significantly less
than infants placed in incubators at 31.6°C without the

infrared heat input.

It is clear that optimal thermal conditions are
important to survival and that an understanding
of temperature regulation and its clinical cor-
relations is essential in the management of the
newborn. (Behrman, 1977, p. 224)

Infants are at Risk to Lose Heat

Providing a thermal neutral environment is one of the
major concerns in providing care to a newborn. This is
primarily the responsibility of the neonatal nurse.

Korones (1972) has stated that,
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Maintenance of an optimal thermal environment is

one of the most important aspects of effective

neonatal care, and without knowledge of the basic

principles of thermoregulation a nurse cannot
provide it consistently. However, with the facts

at her command she can prevent cold stress and

can solve some of the many riddles that arise

daily. (p. 58)

Williams and Lancaster (1976) expressed concern over the
growing number of babies being exposed to cold stress in
spite of the fact that hypothermia had been associated with
metabolic abnormalities and increased neonatal mortality.
They hypothesized that the problem could be due to a lack
of understanding of the basic principles of thermoregula-
tion along with a failure to apply these principles
maximally in neonatal care.

Brick (19€1) in his research on thermoregulation in
the newborn, established that newborn infants were at risk
to lose body heat and estimated that this risk was propor-
tionally greater in infants than in adults. He determined
that heat loss in the newborn infant was four times that of
an adult per unit of body weight. Adamsons (1966)
attributed the cause of this heat loss in infants to their
physical makeup. Iie stated that infants have a high
thermal conductance level which is due to their lack of

subcutaneous fat. This deficiency facilitates the loss of

the infant's body heat to the surrounding environment.
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Sinclair (1975) also underlined the importance of subcuta-
neous fat in maintaining body temperature by stating:

Moreover, the low thermal insulation of the newborn

infant (chiefly the result of small body size)

confers a limited thermoregulatory range, so that
when exposed to cold, the baby may show a profound
fall in body temperature despite his vigorous

metabolic response. (p. 147)

Another major reason that the infant loses heat is due
to the fact that he has a small body size with a compara-
tively large body surface area. Korones (1972) said that
heat loss is basically a function of the ratio between body
surface and body weight. '"The larger the surface in
relation to body mass, the greater the opportunity to
dissipate heat to the environment" (p. 60). Adamsons
(1966) stated that at birth, the body mass of a newborn
infant is about 5% that of the adult, whereas his body
surface area amounts to nearly 15%. This larger body
surface area provides greater opportunity for the infant
to lose body heat to the environment. Oliver (1965) also
noted that infants tended to become hypothermic because of
their greater body surface area and increased tissue
conductivity which he attributed to their lack of subcuta-

neous fat. Briuck (1961) estimated this heat loss per

surface unit to be 40% greater in newborn infants than in

adults.
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Body temperature is not only related to the amount of
heat lost but also on the ability of the individual to
produce heat (Heim, 1971). The question becomes, does an
infant have the ability to produce heat? At one time
infants were thought to be poikilothermic, which means that
their body temperature becomes the same as the environ-
mental temperature, that they make no effort to regulate
their own temperature (Adamsons, 1966). More recent
findings have determined that newborns are homiothermic,
which means that they increase oxygen consumption to keep
their deep body temperature relatively constant within
limits when they are exposed to temperatures below their
thermal neutral range (Heim, 1971). In comparison to the
adult, newborn infants have a low rate of heat production
in relation to their surface area, but a high rate for
their body weight (Sinclair, 1971). Korones (1972) pointed
out that thermal stability is more precarious in newborns
than in older individuals due to the large amount of heat
they lose and not to their ability to produce heat. Bruck
(1961) found that, in comparison with adults, the metabolic
rise that occurs in infants in response to cooling is
large, even during the first day of 1life. If a newborn is
put in an environmental temperature of 230C, there is a
100% rise in the metabolic rate. An adult in 23°C may show

no rise in metabolic rate or at the most an increase of 25%
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(Thauer & Wezler, 1943; Gopfert & Stufler, 1952). Adams,
Fujiwara, Spears, and Hodgman (1964) found the infant
capable of producing heat at the time of birth. Although
measurements were not made within the first few minutes
after birth, heat production was demonstrated at the age
of 15 minutes.

Although infants are capable of producing heat, this
heat production is a compensatory reaction and cannot
function for an indefinite period of time.

The neonate subjected to severe or protracted

periods of cold stress will be unable to maintain a

normal body temperature because the heat the baby

loses will exceed the heat the baby can produce.

(Williams & Lancaster, 1976, p. 356)

A newborn can produce heat, but there is an amount and a
duration beyond which the infant's capacity for heat
production is overcome by the amount of heat lost.

One of the major threats imposed on an infant's
thermoregulatory ability is the thermal conditions present
in the average delivery room. Sinclair (1975) noted that
the average delivery room temperature is 23°C which is
midway in the thermal comfort zone for lightly-dressed
adults. This temperature, however, is more than 100C
below the thermal neutral environment for the infant. Due
to the large radiant, convective and evaporative losses
from the warm, wet skin of the newborn, the infant's

temperature initially falls 2-30C. This fall in temperature
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corresponds to an energy expenditure of approximately
.2 calories per kilogram per minute in the first few
minutes after birth (Adamsons & Towell, 1965). Adamsons
(1966) stated that this drop corresponds with a rate of
fall of deep body and skin temperature of about .1°C per
minute and .3°9C respectively, or a heat loss of approxi-
mately 200 calories per kilogram per minute. Maximal heat
production in an adult male is 90 calories per kilogram
per minute. In comparing the amount of heat lost by a
newborn infant in the delivery room with the maximal amount
of heat produced in an adult male, "it is evident that
body temperature of the newborn baby would fall even if
heat production per unit of body mass were twice that of
an adult" (Adamsons, 1966, p. 605). Ziegal and Van Blarcom
(1972) stated that the average infant's body temperature
is lowered somewhere between 33.3°C and 34.40C shortly
after birth. Sinclair (1975) found the average body
temperature to be between 34.8°C and 35.8°C. Dahm and
James (1972) stated that body temperature begins to fall
after birth even if efforts are made to conserve heat by
placing the infant under a radiant warmer. These authors
found that when an infant is dried and placed under a
radiant warmer, he loses about 22.5 calories per kilogram
per minute over the first 30 minutes of life. North

(1961) found that the average amount of heat lost during
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the interval between birth and arrival in the nursery to
be between two and four degrees farhenheit. These studies
have demonstrated that the infant is at great risk to lose
heat in the average delivery room.

There are several other factors that either interfere
with an infant's heat production, or affect the amount of
heat lost, thereby having an effect on the infant's thermal
stability. Washington (1978) stated several conditions
that can result in hypothermia or some variation in the
infant's ability to regulate his body temperature. These
conditions were sepsis, central nervous system lesions,
birth asphyxia, and intracranial hemorrhage. Adamsons
(1966) also listed hypoxia, drugs, hypotension, hypercapnia,
and hypoglycemia as interfering with thermal homeostasis.

There are several groups of drugs that have been
found to affect temperature regulation in the adult. These
include the hypnotics, analgesics, antipyretics, anes-
thetics, and hormones. Burnard and Cross (1958) showed
that while meperidine did not affect the temperature of the
mother, the infant whose mother received meperidine showed
a distinct drop in body temperature for the next 20
hours compared to an infant whose mother did not receive
any meperidine during labor. Oliver (1977) stated that
Diazepam given to the mother during labor also affects the

thermoregulatory response in a newborn exposed to cold.
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Lack of oxygen has been cited as affecting temperature
regulation. Heim (1971) stated that under hypoxic condi-
tions heat production is suppressed by some mechanism that
has not been clearly identified. This suppression has been
demonstrated in newborn rabbits. As soon as the newborn
rabbits breathe 10% oxygen, the temperature over their
brown fat deposits drops sharply indicating a drop in heat
production (Heim & Hull, 1966). Similarly, Heim and
Kellermayer, as cited in Heim (1971), performed a post-
mortem study of four human babies with congenital heart
disease. They found that the brown fat tissue was full
of fat droplets in spite of the fact that the babies were
malnourished because of their disease and were cared for
in ambient temperatures below their thermoneutral zone.
Heim (1971) hypothesized that these infants were unable to
utilize their brown fat due to the hypoxic conditions
imposed by their disease. A synthesis of these studies
suggests hypoxia may suppress the ability of an infant to
produce heat.

Another process that causes an alteration in the
normal process of temperature regulation in the newborn is
blowing cool oxygen across the face of the newborn. Heim
(1971) stated that certain areas of the body play an
important role in regulating heat production. The facial

skin and mucous membranes of the upper respiratory tract
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have been determined to affect the thermoregulatory
process. When cool oxygen is delivered to the face of an
infant, a 23% increase in oxygen consumption occurs in
full-term infants and 36% in premature infants. Any
oxygen that is given to an infant should be warmed if this
increase in oxygen consumption is to be avoided (Mestyan,
Jirai, Bata, & Fekete, 1964; PY¥ibylova, 1968).

Premature Infants at Highest
Risk to Lose Heat

A normal full-term infant is at risk to lose heat when
compared to an adult, whereas a premature infant is at
even greater risk due to his immaturity and physical
characteristics. Providing a warm environment is even
more important for the survival of the premature infant
than for the full-term infant. Adamsons (1966) pointed out
that a fall in body temperature of one to two degrees
resulting from exposure to room temperature is unlikely to
cause a full-term infant any serious problem and is
generally well tolerated. Yhereas, ''sub-optimum conditions
are more likely to affect the premature and the depressed
infant due to their lower thermal stability' (Adamsons,
1966, p. 616).

Adamsons (1966) stated that tissues of low-metabolic
activity can tolerate a wider range of temperature than can

tissues of higher metabolic rate. Adamsons postulated
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whether or not this would apply to any given tissue at
any level. If this is so, then the brain tissue of a
premature infant should be less susceptible to cooling
than that of a term infant since the metabolic rate of the
brain in immature infants '"'must be substantially lower than
that in the infant at term'" (Adamsons, 1966, p. 600). This
view is reflective of a minority group of researchers that
have hypothesized that cooling of the infant actually
decreases the need for oxygen.

In discussing premature infants and dysmature infants,
Heim (1971) stated that thermal stability was diminished in
these infants. In comparing the two groups, Heim found
that the thermal stability in small-for-date babies was
much better than for the premature infants of the same body
size. This finding was in spite of the small-for-date
babies' unfavorable body mass-surface area ratio and their
lack of subcutaneous fat. Prematures are at greater risk
for heat loss than small infants who are more mature.
Sinclair (1975) pointed out that the smallest infants have
the greatest difficulty maintaining body temperature in
the delivery room. Smith (1969) also concurred and added
that often the problem of maintenance of body temperature

may be compounded with the interaction of hypoglycemia,
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metabolic acidosis, and respiratory distress syndrome.
These conditions are all aggravated by cold exposure of
the premature infant.

A major reason why premature infants are so
susceptible to heat loss is their relatively large body
surface area by which they can exchange heat. Korones
(1972) stated that thermal stability is more precarious
in infants weighing less than 2,000 gm. This is due largely
to the ratio between body surface area and body weight.

The larger the surface in relation to body mass,

the greater the opportunity to dissipate heat to

the environment. . . . The discrepancy between

weight and body surface is even greater for low

birth-weight infants. A larger surface area provides

more extensive exposure to the environment, thus
promoting more heat loss. This is the principle
source of the neonate's difficulty with maintaining

thermal stability. (p. 60)

Adamsons and Towell (1965) also agreed that thermoregula-
tion in the premature infant is severely handicapped by

the high surface area to body weight ratio. Brilick (19€1)
stated that the heat loss in premature infants (1,500 gm)
was greater than full-term infants. Brick estimated that
this heat loss was at least 4.9 times as great as in adults
per body surface unit, whereas full-term infants lose heat
at four times the rate that adults lose heat per body

surface unit. Philip (1977) stated that the premature

infant has an exaggerated surface area to body weight ratio
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as a result of the premature's large head. This greater
surface area intensifies the heat loss problem in the
premature infant.

In addition to a high surface area, the premature
is at risk to lose heat because of low tissue insulation.
Premature infénts characteristically have little body fat
to serve as insulation from the environmental temperatures.
Sinclair (1975) stated that it is the low thermal insula-
tion of the newborn infant that limits the thermoregulatory
range in which an infant can maintain his temperature.
Oliver (1977) also credited the premature infant's
decreased amount of body fat as being responsible for the
limited ability to maintain body temperature observed in
premature infants.

Closely related to the decreased amount of subcuta-
neous fat that serves as insulation for the infant is the
premature infant's small body size. Adamsons (1966) found
that thermal stability is a function of body size, surface
area, thermal insulation, and the degree by which heat
production can be increased to meet the demands of the
environment. "It is evident that for a given body shape,
thermal stability increases with increasing body size"

(p. 600). A study by Hardman, Hey, and Hull (1969) showed
that week-old rabbits achieve thermal stability over a

much wider range of ambient temperatures than they were
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capable of on the day of birth. The researchers determined
that this was due to the rabbits' larger size and increased
insulation since a week-old rabbit has already doubled his
birth weight.

Sinclair (1970) stated that the handicap of small
body size is its limited thermal insulation. He described
thermal insulation as consisting of two parts: (a) surface-
air insulation and (b) tissue insulation. He found that
small-for-date infants share with premature infants the
thermoregulatory consequences imposed by small body size.
"The smaller the body, the more easily does it exchange
heat with the environment for a given gradient of tempera-
ture between skin and environment (low surface-air insula-
tion)'" (p. 151). Sinclair (1970) added that what was most
important was the amount of tissue through which heat must
be transferred. There is low tissue insulation in both
premature and small-for-date infants.

Sinclair (1970) stated that the thermal handicap
imposed by a small body size is not modified by the
infant's gestational age but is a function of the small
body size with its inherent deficiencies. Brilick (1961)
concurred with Sinclair that the thermal consequences
imposed by a small body size are not modified by gestational
age. Sinclair (1970), on the other hand, indicated that

while the small-for-date infant shows the effects of small
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body size on his thermoregulatory range, he '"may show
comparatively well-developed homeothermic responses insofar
as these depend on gestational age'" (p. 148). Brick (1961)
found that body size is related to basal metabolism. The
basal metabolic rate increases with increasing body size;
however, "basal metabolic rate cannot be described by a
simple exponential function of weight . . . since in
addition to body weight, age is also involved as a parameter
in the function" (p. 73).

Another factor that increases the premature infant's
rate of heat loss is posture. One of the characteristics
of the premature is an extended posture when lying supine.
The full-term infant, on the other hand, lies in a tightly
flexed position. The more premature the infant is, the
more extended are the extremities. Oliver (1977) said
that heat loss is aggravated by the premature's posture
which is due to neurologic immaturity and lack of flexor
tone. Sinclair (1970) discussed how the infant's posture
can increase or decrease the total surface area available
for heat exchange.

Babies have a relatively large surface area in

relation to body mass. This surface-to-mass

handicap is exaggerated in the infant of low

birth weight. However, the surface available for

heat loss by radiation and convection is not the

total surface, but rather a portion of the total

surface that varies with posture. Postures

characteristic of various gestational ages have been
described by Amiel-Tison. These postures tend toward
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increasing flexion of the extremities with increasing

gestational age. Thus, the small-for-date infant

achieves an effective surface area that is some-

what less than that of the preterm baby of similar

size, and to this extent he can limit heat loss

better. (p. 150)

Until about the last 25 years, the premature infant
was thought to be poikilothermic, which means that he
makes no attempt to regulate his body temperature when
exposed to cold or hot temperatures. This concept was
held longer for the premature than for the full-term
infant. Adams et al. (1964) and Briuck (1961) established
that when a newborn experiences heat loss, he compensates
by increasing his heat production. This reaction has also
been observed in premature infants, '"further disproving
the hypothesis that homiothermy is a property acquired with
increasing maturity after birth' (Adamsons, 1966, p. 608).
Silverman and Agate (1964) supported the hypothesis that
premature infants are homeothermic. These researchers
found that babies under 1,500 gm who were exposed to mild
cold stress did increase their heat production but were
better able to increase their heat production if they were
gestationally more mature. Silverman, Sinclair, and Agate
(1966) had similar findings among infants less than 1,500 gm.

The thermal regulatory process begins just as quickly

in premature infants as it does in full-term infants, but

heat production in premature infants is unable to keep up



31

with the amount of heat lost. Only when there is first,
an increase in body size and an improvement in heat insula-
tion and second, a greater depth of body and a thicker layer
of fat does the thermal control range gradually expand.
When premature infants are exposed to an environmental
temperature of 23°C, they show an average 42% increase in
their metabolic rate on the first day of life which
increases to 90% during the first week (Briick, 1961).

Adamsons and Towell (1965) indicated that homeothermic
responses are present in the premature. However, Adams et
al. (1964) and Bruck (1961) found that infants less than
30-32 weeks gestation do not increase their heat production
when exposed to a cool environment. Stern, Lees, and
Leduc (1965) demonstrated that some premature infants
cannot initiate metabolic thermogenic processes as ade-
quately as full-term infants. They attributed this
inadequacy in producing heat to a decreased ability by
premature infants to release noradrenalin, which has been
postulated to be related to metabolism of brown fat.

Washington (1978) indicated that the premature infant
has a diminished response to cooling.

Being premature, he has a decreased amount of sub-

cutaneous fat to act as insulation against the cold;

a large skin surface area for his weight (which is

all exposed to cold and from which heat can radiate);

reduced amounts of "brown fat''; reduced caloric

intake, which limits metabolic means of heat
production; and decreased available oxygen resources,
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resulting from underdeveloped lungs that provide

less oxygen to use in the metabolic thermogenic

process. The effect of '"cooling'" can be potentially

fatal. (p. 24)

In summary, a premature is capable of increasing his
metabolism to increase his body temperature. Eowever, some
researchers point out that this increase many times is
inadequate to counteract the large heat losses and is not
as efficient as in full-term infants. Some prematures seem
unable to increase their metabolism at all to any appreci-
able extent if they are very immature.

Consequences of Heat Loss
In the Premature Infant

In considering the thermal conditions that are present
at birth, at least in a typical hospital setting, '"it
remains to be elucidated whether the transient fall in
peripheral and deep body temperature occurring immediately
after birth favors or hinders adaptation to extrauterine
life" (Adamsons & Towell, 1965, p. 538). Many researchers
have suggested that the initial cold stimulus is influential
in the onset of breathing. Adamsons and Towell (1965)
postulated that cold may serve to increase the function of
the reticular system. Likewise, cold induced vasoconstric-
tion raises the systemic vascular resistance which will
reduce the right to left shunt that is present in fetal

circulation through the ductus arteriosus. Sinclair (1975)



33
made reference to several studies that found that cooling
plays '"at least a contributory role in the resumption of
breathing after birth" (p. 149). 1In a study by Harned
and Ferreiro (1973) breathing was initiated after birth
by various methods of cooling in full-term fetal lambs.

On the other hand, a warm environment has been
documented to result in better survival rates for premature
infants, beginning with Budin in the early 1900s and
reconfirmed in the 1960s. Gandy et al. (1964) found
that placing an infant under a radiant warmer to keep him
warm results in a faster recovery from metabolic acidosis.
Dahm and James (1972) stressed minimal cold stress by
stating that prolonged cold stress may lead to hypoglycemia.

Perlstein, Edwards, and Sutherland (1970) observed
that premature infants have an increased number of apneic
attacks when the incubator temperature is rising. Besch
et al. (1971), using the findings of Perlstein et al.
(1970), stated that maintaining an infant's body tempera-
ture within a thermoneutral range avoids the risk of apneic
attacks by having to warm a cool infant. While there is
some controversy over whether a cool or warm environment is
of greatest benefit to the newborn, most researchers have
found that a warm environment provides greater benefits

to the premature infant.
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The ideal environment for a premature infant is the
thermal neutral environment. This term refers to the
environmental temperature in which oxygen consumption is
minimal yet sufficient to maintain body temperature. The
ideal ambient temperature for a full-term and premature
infant is defined by Heim (1971) to be between 32-34°C with
the air and inner-wall temperature of the incubator being
equal and the relative humidity at 50%. Bruck (1961)
put the neutral ambient temperature at 32-33°C for full-
term and premature infants. Bruck (1961) stated that when
there is the slightest drop in the ambient temperature
below an infant's thermal neutral range the infant begins
to lose his body temperature. This thermal neutral range
expands with increasing body size.

There is not total agreement over what is the ideal
skin temperature which reflects that the infant is in a
thermal neutral environment. Heim (1971) suggested that
an abdominal skin temperature of 36-37°C is the temperature
in which oxygen consumption is minimal. Bruck (1961)
indicated that the normal range of core temperature is
36.59C to 37.59C. Silverman, Sinclair, and Agate (1966)
observed that oxygen consumption was minimal when the
abdominal skin temperature was 36°C. Hey and Katz (1970)
put the temperature at 36.5°C. Silverman, Sinclair, and

Scopes (1966) said that oxygen consumption is minimal at
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36-37°C skin temperature taken over the region of the liver.
Ziegal and Van Blarcom (1972) stated that a skin tempera-
ture of 98CF (36.70C) is necessary to prevent a metabolic
and oxygen need increase. Brilick (1961) correlated a drop
in skin temperature with an increase in metabolism. Briick
found that "in newborn infants, a lowering of the average
skin temperature to about 35-36°C (corresponding to an
ambient temperature of 28°C) is sufficient to produce and
maintain a metabolic rise'" (pp. 77-78).

One of the main effects of heat loss in a premature
infant is an increase in metabolic rate in order to produce
heat to maintain body temperature within a thermoneutral
range. Hill (1959) stated that heat production in the
premature infant is a chemical reaction leading to an
increase in metabolic rate recquiring that increased
oxvgen be available. Brick (1961) stated that when an
infant is placed in an ambient temperature of 230C, the
average temperature of the delivery room, the infant's
metabolic rate increases 100%. If an adult is placed in
this same environment, he shows either no metabolic rise
or, at the most, an increase of 25%. Heat production in
the infant at 23°C is approximately the same as the maximum
amount of heat production found in adults. Brilck (1961)
found that even when the infants were placed in an ambient

temperature of 17.5°C their heat production did not
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increase. Apparently maximum heat production occurs at
23°C in infants. This fact gives evidence that the newborn
is under more thermal stress under everyday conditions.
Bruck (1961) stated that the metabolic rise due to cold
stress is greater than the increase due to either activity
or ingestion of food. Sinclair (1975) further stated that
when exposed to cold, the infant increases his metabolism
by as much as 2-23% times his resting rate which is
"energetically an expensive one'" (p. 147). This increase
is present even at birth.

Another consequence of heat loss is increased oxygen
need. This need is closely related to the above mentioned
consequence of increased metabolic rate. Taylor (1971)
stated that if an infant is reasonably well oxygenated
"heat production, and therefore oxygen consumption,
increases in response to a cool environment in an attempt
to maintain body temperature'" (p. 766). Silverman, Sinclair,
and Agate (1966) found that oxygen consumption was related
to a drop in skin temperature. Stephenson, Du, and Oliver
(1970) did a study on the effect of a cool environment on
arterial blood gas tensions in babies immediately after
birth. Their results showed that the arterial pOs level
was significantly lower in the cool group at 20 and 60

minutes of age but not at 4 hours. The pCOy was similar
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for both groups. The authors concluded that both a cool
environment and asphyxia had similar effects on the infant.

Loss of body temperature in the premature infant
results in a slower recovery from the metabolic acidosis
that develops during the birth process. Gandy et al.
(1964) designed a study to determine the effects of mild
cold exposure on the rate of recovery from varying degrees
of respiratory and metabolic acidosis at birth. They had
two groups of infants: (a) a warm group whose body
temperature was maintained at 37°C following birth by
use of a radiant warmer and (b) a cool group whose temper-
ature was allowed to fall by exposure to room temperature
(259C).

Both groups showed a similar recovery of pH to normal

levels following birth, but the '"cool'" group was only

able to do so by increasing elimination of CO5 to
compensate for a developing metabolic acidosis.

Infants depressed by birth asphyxia were unable

to maintain pH during exposure to room temperature

and developed a progressive metabolic acidosis.

Thus, recovery from birth asphyxia can be seriously

delayed by exposure to cold. (pp. 540-541)

The metabolic acidosis that may occur with cold stress
has been associated with several acids. Schultz et al.
(1979) demonstrated that hypothermia is associated with a
high mean blood lactate level which falls with increasing

rectal temperatures resulting in acidosis. They stated

that their findings were in agreement with Gandy et al.
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(1964). Gandy et al. (1964) named several acids as
contributors to the acidosis.

It is reasonable to suppose that the increased
metabolism in a cool environment might lead to an
accumulation of lactic, pyruviec and other organic
acids, thereby aggravating the existing acidosis.
This would be particularly true if metabolic needs
were to exceed the oxygen available to the tissues.
(p. 751)

Additionally, they postulated that a cool environment
might aid in the acid-base homeostasis if the formation
of these acid metabolites were decreased at a lower body
temperature (Gandy et al., 1964).

Cold stress can aggravate or even cause an infant to
become hypoglycemic. Cornblath and Schwartz (1976) found
that hypoglycemia may occur in infants at four to six
hours of age if the infant was chilled at birth. Chadd
and Gray (1972) stated that hypoglycemia may be triggered

by the increased metabolic rate that accompanies cold

stress.

This is true because glucose consumption is
necessarily increased whenever there is an increase
in metabolism. It has also be clinically demon-
strated [by Stern, 1970] that when serum nonesteri-
fied fatty acid (NEFA) levels rise, as is the case
when chemical thermogenesis is initiated, serum
glucose levels fall. If the infant does become
hypoglycemic, this complication may further contribute
to acidosis as well as result in neurological
damage if the hypoglycemia is not quickly corrected.
(Williams & Lancaster, 1976, p. 358)
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Heim (1971) mentioned that hypoglycemia is more frequent
in premature and dysmature infants than in full-term
infants. He hypothesized that perhaps the lower glucose
level was responsible for the impaired thermal stability
of this group. A group of premature infants and a group
of dysmature infants were both subjected to a cold environ-
ment. In order to determine if a higher blood glucose
level would result in am improved ability to produce
heat, .5 - .75 g/Kg of glucose was infused over ten
minutes. This resulted in a rise in the infant's blood
sugar level. However, there was no effect on heat
production in either group. While cold stress can cause an
infant to become hypoglycemic, hypoglycemia is not
responsible for the thermal instability of the premature
infant.

Heat loss in premature infants has been found to
interfere with their growth and weight gain. Williams and
Lancaster (1976) stated that the increase in metabolism
associated with cold stress leads to an increase in
caloric consumption which would otherwise be used for
cellular growth and weight gain. Glass et al. (1968)
studied the rates of growth in low birth-weight babies that
were exposed to different thermal environments between
one and three weeks after birth. Each group received

identical feedings of 120 calories per kilogram per day.
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The babies in the thermoneutral environment grew faster in

both weight and length than the cooler group. When the
infants in the cooler group were given additional calories
to make up for the cost of the increased metabolic rate
incurred by the lower temperatures, the infants were able to
catch up. Korones (1972) stated that weight gain in pre-
mature infants can be poor due to the partial diversion of
the energy of metabolism to the production of body heat in
preference to the laying down of new tissues. The fact that
an infant is cared for in an unfavorable environment can
interfere with his normal growth pattern.

One of the protective mechanisms a premature infant has
against heat loss 1s vasoconstriction. Oliver (1977)
stated that peripheral vasoconstriction in response to cold
is well developed at birth even in the premature infant.
This vasoconstriction is aggravated by the metabolic acid-
osis occurring at birth and is prolonged by cold stress.
This vasoconstriction can even extend to the pulmonary blood

vessels.

Vasoconstriction of pulmonary vessels, when severe,
may lead to the development of three major problems:
hypoxia, intracardiac shunting through the foramen
ovale and aggravation of Respiratory Distress Syndrome
Type I, if present. (Williams & Lancaster, 1976,

pp. 357-358)

Stephenson et al. (1970) noted that cold stress can delay
the establishment of the circulation to the postnatal

pattern. The right-to-left shunting that is present in
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fetal circulation persists for a longer period due to
vasoconstriction of the pulmonary vessels. Washington
(1978), in discussing the phenomenon of vasoconstriction
in response to cold, enumerated some of its effects along
with other consequences of cold stress.
Some complications of hypothermia are a noted
increase in metabolic rate, which results in an
increased respiratory rate per minute metabolic
acidosis; persistent vasoconstriction; decreased
tissue perfusion; and decreased pulmonary perfusion.
There is also an increased norepinephrine and
pulmonary resistance as well as hypoglycemia.
(Washington, 1978, p. 26)
Philip (1977, p. 34) diagrammed the process:

Decreased Oxygen
Uptake by Lung

Pulmonary
Vasoconstriction

¥

Decreased Delivery
of Oxygen to Tissues

Perpheral
//aVasoconstriction

Cooling T

Metabolic Acidosis Increased Anaerobic
«— p
Metabolism

A%

One of the major complications of cold stress is its
effect on the survival rate among infants, particularly
premature infants. "The association of hypothermia with a
diminished rate of survival in premature infants was
suggested as early as 1900" (Korones, 1972, p. 58).
Washington (1978) stated that '"as neonatal nurses, we must

be aware of the primary importance of thermal regulation
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of the neonate in sustaining his life" (p. 23). Besch
et al. (1971) called a warm environment a 'protective
influence." Besch et al. (1971) speculated that since
infants respond to a heat-losing environment by homeo-
thermically increasing their metabolic rate, perhaps this
added caloric expenditure contributes to infant mortality
by depleting the infants' energy reserve necessary for
preserving homeostatic functions. Sinclair (1970) under-
lined the lethal effect cold has on infants by saying that
studies done by Buetow and Klein (1964), Day et al. (1964),
and Silverman et al. (1958) demonstrated an increased
mortality in the first days of life in low birth-weight
infants who were raised in incubators set below the thermal
neutral range. Sinclair (1970) stated,

It is attractive to speculate that the energy

cost of defending deep body temperature against

cold contributes to the lethal effect (particularly

in the first days of life, when the balance between

caloric supply and caloric expenditure is marginal).
(p. 155)

Related to the problem of increased mortality and
cold stress, is the problem of maintenance of body temper-
ature in infants being transferred between hospitals.
Several referral centers have reported a relationship
between survival of low birth-weight infants and their

temperature on arrival at the center (Chance, O'Brien, &
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Swyer, 1973). Therefore, a warm environment seems to be
associated with an improved survival rate, especially
among premature infants.

Three other factors have been associated with hypo-
thermia. These are drug metabolism, kernicterus, and
blood clotting problems. Sinclair (1975) stated that
little research has been done on drug metabolism in new-
borns, but there have been numerous studies in animal
research. A study by Morishima, Mueller-Heubach, and
Shnider (1971) found that the half-life of lidocaine in
newborn puppies increased from 58 to 83 minutes if the
puppy was cooled. Applying this to the human newborn, one
could reason that hypothermia would cause an infant to be
slower to metabolize any kind of drug that might be in
his system as a result of the mother receiving some medica-
tion during her labor.

Williams and Lancaster (1976) discussed the relation--
ship of hypothermia with kernicterus and blood clotting.
Stern (1970) found kernicterus to be related to hypothermia

in the following manner:

The increase in NEFA [nonesterified fatty acids]
in the blood which is associated with thermogenic
processes may lead to another problem--the
development of kernicterus, even at relatively low
levels of indirect bilirubin. Acidosis tends to
cause a dissociation of indirect bilirubin from
the major plasma protein responsible for binding
with it--albumin. As long as bilirubin is bound
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to albumin, it cannot leave the vascular space

and enter brain cells to cause damage. But NEFA

also has a strong affinity for albumin, and as

blood_NEFA levels rise, particularly in the presence
of acidosis, bilirubin-albumin binding may be
replaced by NEFA-albumin binding. This will free
indirect bilirubin in the blood circulation to
travel to the brain parenchyma causing kernicterus.

(Williams & Lancaster, 1976, p. 358)

Lastly, Williams and Lancaster (1976) suggested that severe
hypothermia seems to interfere with certain clotting
factors. They mentioned that other authors have noted an
increase in pulmonary and cerebral hemorrhage in cold-
stressed infants, however, this kind of bleeding is also
associated with asphyxia.

In considering the effects of a cold environment on
newborns, one of the more crucial areas is the effect of
cold on a sick or depressed newborn. Many premature
infants fall into these categories as many prematures have
some kind of respiratory problems at birth due to their
immature lungs. Washington (1978) stated that cold
stress in an infant with a special medical problem can
lead to a potentially fatal situation. Korones (1972)
said that since cold stress results in an increase in the
metabolic rate, the infant's oxygen consumption increases
as well as his oxygen requirement.

Thus a severely depressed infant can ill afford the

oxygen cost imposed by cold stress at a time when

he urgently needs the oxygen to maintain normal
function of brain cells and cardiac muscle. (p. 59)
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Taylor (1971) elaborated on this point by saying that the
increased oxygen consumption experienced by the cold
stressed newborn is made possible by an increase in his
minute volume,

and thus the newborn with respiratory distress may

experience further difficulty when exposed to a cool

environment and will, if unable to meet the demands
for increased ventilation, become increasingly

hypoxemic. (p. 766)

Gandy et al. (1964) did a study of the effects of
the thermal environment on the acid-~base status in infants.
They found that babies placed in a cool environment show
a rise in metabolic rate, a slower recovery from the
acidosis of birth asphyxia, and hyperventilation. These
researchers stated that healthy infants achieved a close-
to-normal pH in the first 2 hours after birth, but
depressed infants did not because they were unable to
hyperventilate in response to cold and metabolic acidosis.
This response occurred even if the infants were only
depressed for a short period of time.

Ziegal and Van Blarcom (1972) stated that chilling of
an infant interferes with the production of surfactant.
For this reason, babies with hyaline membrane disease have
a decrease in heat production and may be hypothermic even

in relatively warm environments. Williams and Lancaster

(1976) also mentioned the association Stern (1970) found
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between hypothermia and decreased production of surfac--
tant. The authors restated Stern's findings that

Hypoxig results in perfusion of oxygen which is

precipitated by vasoconstriction. If perfusion

of Type II alveolor cells is sufficiently inhibited

in a newly born premature infant, the production of

surfactant may be impaired, contributing to the
development and/or severity of Pespiratory Distress

Syndrome. (Williams & Lancaster, 1976, p. 358)
Thus vasoconstriction which is induced by a cool environ-
ment can hinder the production of surfactant in premature
infants.

One last area to be considered when thinking of
thermal environment in depressed infants is the problem
of cold stress during resuscitative procedures. Mainte-
nance of body temperature is crucial in these infants.
Yashington (1978) stated that after five minutes of
exposure of the infant during resuscitation, the infant
may become so cold that his chances for revival diminish
considerably. Maintaining an infant within his thermo-

neutral range is therefore particularly important to the

depressed or critical infant. "In view of all the problems

hypothermia may cause, preventing it rather than remedying

it should be the goal" (Williams & Lancaster, 1976, p. 358).

Means of Maintaining Body Temperature

There are several means by which an infant's temper-

ature can be maintained. Either the infant must regulate
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his own temperature or be assisted to maintain temperature
within a thermoneutral range. When an infant is challenged
by heat or cold, a normal baby will respond promptly to
keep body temperature near its setpoint. An infant is
capable of attempting to prevent heat loss by means of
vasoconstriction and to maintain body temperature by
increasing the rate of heat production (Sinclair, 1970).
An infant is not totally helpless to defend his body
temperature, neither is a premature infant. Adamsons and
Towell (1965) stated that homeothermic responses are
present in both the premature and the full-term infant.
Vasodilation and vasoconstriction have been demonstrated
to be present in premature infants along with an increased
metabolic rate in response to low environmental tempera-
tures (Adams et al., 1964; Bruck, 1961). On the other hand,
this response is absent or decreased in infants less than
30-32 weeks (Bruck, 1961; Silverman & Agate, 1964).
Berhman (1977) stated that the premature's vasoconstriction
in response to a cool environment is quite adequate.

An infant's body temperature is dependent on two
cradients, external and internal. Sinclair (1970) stated
that the effect of vasoconstriction is to increase the
internal (core-skin) temperature gradient and to increase

tissue insulation to its maximum capacity. Williams and
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Lancaster (1976) citing a study done by Burton related
that:
a decyease in body temperature is related to both
the "internal gradient'" (rectal/skin exchange) and
"external gradient" (skin/air exchange). The
neonate can exert some physiologic control over
the internal gradient by vasoconstriction of
blood vessels. But Hardy demonstrated that loss
of heat by the external gradient is controlled
solely by the environment. (p. 356)
Oh and Lind (1967) found that early clamping of the
umbilical cord evokes a greater regional vasoconstriction
in the infant which in turn improves the internal gradient.
Skin vasoconstriction is the most powerful defense
mechanism against heat loss, after early clamping of
the umbilical cord, increased heat production remains

the only mechanism to counter any further heat loss.
(Eeim, 1971, p. 793)

Vasoconstriction is one mechanism a premature infant has
to safeguard body temperature.

Heat production is the second factor that the infant
uses to keep body temperature from falling when exposed to
environmental temperatures below the thermal neutral =zone.
Adamsons and Towell (1965) credited the newborn with the
ability to increase metabolism in response to cold. This
metabolic function is the mechanism by which balance is
maintained between heat loss and heat production.

The process by which an infant produces heat is known
as chemical thermoregulation. Chemical thermoregulation

consists of two components: (a) shivering thermogenesis,
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which is heat production that is accompanied by electrical
activity of the skeletal muscles and (b) non-shivering
thermogenesis, which is heat production without visible or
electric muscular activity (Heim, 1971). Non-shivering
thermogenesis is a more effective and efficient form of
chemical thermogenesis for the newborn (Bruck, 1961).
Sinclair (1970) credited the newborn with the ability to
produce heat to maintain deep body termperature which can
include muscular thermogenesis if the cold stress is
sufficiently severe.

Brown fat or brown adipose tissue has been held to be
responsible for heat production in newborns. This tissue
is characterized by a rich blood and nerve supply, a high
mitochondrial content, and a high metabolic rate in vitro.
This tissue is found mainly in the intra-scapular region,
axillae, perirenal areas, and around the large vessels in
the thorax. There is some disagreement over whether this
tissue is related to heat production. Dawkins and Hull
(1964) found that a newborn piglet responds to exposure to
cold by increasing the metabolic rate. This response is in
spite of the fact that the newborn piglet has no adipose
tissue either brown or white.

Most investigators do support the role of brown fat
as being responsible for heat production. Hardman and

Hull (1970) supported the contribution of brown fat to
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cold-induced thermogenesis. Their data showed that brown
fat tissue continued to produce heat even after its own
fat stores were depleted by the oxidation of glucose and
fatty acids taken from the circulation. Aherne and Hull
(1966) found that premature infants have a smaller amount
of brown fat when compared to a mature infant. "It seems
probable, therefore, that its capacity to produce heat is
also less" (p. 232).

Some studies have been done that suggest that some
part of brown fat metabolism is under the control of the
sympathetic nervous system and that norepinephrine is the
mediator in the process. Lees, Younger, and Babson (1966)
noticed an increase in excretion of norepinephrine in
infants who made successful homeothermic responses to

environmental cold stress.

Major attention has been directed recently to

the role of cold and catacholamines in stimulating
metabolism in brown adipose tissue, where
catecholamine-induced enhancement of triglyceride
breakdown appears responsible for thermogenesis.
(Sinclair, 1970, p. 153)

If vasoconstriction and heat production are not
sufficient to protect an infant's body temperature, the
nurse must employ other means to prevent further heat loss.
One such means is the use of an external source of heat.
Incubators of many types are available today such as

convection-heated incubators and radiant warmers. Results
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of a study by Miller and Oliver (1966) demonstrated that
infants placed in a convection-heated incubator recovered
their body temperature in a significantly shorter time
than infants just wrapped in blankets after delivery.
Likewise, Oliver (1965) found that infants placed in an
incubator with the air temperature between 32—35OC, after
being dried, lost less body temperature. Even though the
infants were placed in incubators, they still lost some
body heat due to evaporative heat loss from wet hair and
radiant heat loss to the cooler incubator walls.

Most modern delivery rooms are equipped with a radiant
warmer which provides a source of external heat but still
allows easy access and visibility of the infant. Du and
Oliver (1969) stated:

A radiant heater provides a suitably warm micro-

environment for a baby in an air-conditioned

delivery room. With this heater, temperature

loss is minimized (if the baby is dried soon

after birth), and at the same time, the infant

remains exposed for close observation. (p. 1502)

A study was done by Rosen et al. (1978) to examine the
thermoneutral conditions in the delivery room. All
infants born vaginally were dried and placed under a
radiant heater. All infants born by Cesarean section were
dried and placed in a heated Isolette. The researchers

did a retrospective chart review on the first three rectal

temperatures taken on 135 newborns. The temperatures of
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the 108 infants born vaginally and the 27 infants
delivered by Cesarean section were compared on admission
and at four and eight hours after birth. The researchers
found that the temperatures of all Cesarean section babies
and 101 of the infants born vaginally were in the thermo-
neutral range. There was also no difference found between
the temperatures of infants born vaginally and infants
delivered by Cesarean section. The researchers concluded
that

the present methods of thermoregulation in the

delivery room seem satisfactory for infants with

adequate brown fat deposits, but that infants who

are small for dates or premature need special

care to ensure heat preservation. Aware of their

problems, delivery room staff can prepare better

for the delivery of these infants. (p. 1693)

Another means of protecting the infant from heat loss
is by increasing the insulation from the cool environment
by means of clothing and wrapping the infant. Beland (1970)
said that clothing the infant reduces heat loss because
clothing is a poor conductor of heat and traps air which
is also a poor conductor. "Because air is trapped in the
spaces between fibers, loosely woven woolens are effective
in preventing heat loss under certain conditions (when air
is still)" (p. 596). Scopes and Ahmed (1966) reported
that the temperature of the ambient air inside clothing is

often as high as 35°C even if the surrounding environmental

temperature is 26©9C. Sinclair (1976) stated that the
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addition of clothing and bedding increased the infant's
insulation to where the full-term infant can tolerate
temperatures of 24°C and premature infants can tolerate
30°C. Clothing also helps to minimize the effects of
sudden changes in environmental conditions.

An infant can lose heat through his scalp. In
addition to being approximately 9-18% of the infant's total
surface area, the head has less insulation than other parts
of the body (Sinclair, 1976). Smith (1969) stated that
"considerable heat loss can occur through the bare scalp
of a small infant; consequently, the infant's head should
be covered" (p. 653). Capobianco (1980) said that for
premature infants '"'a tiny stocking cap can be beneficial,
even inside the incubator. (A baby's head accounts for
a large portion of his total body surface area)" (p. 67).
Porth and Kaylor (1978) stated:

One of the best means to prevent heat loss

from conduction, convection, radiation, or evap-

oration is to supplement nature's thermoregulation

by covering the infant and increasing the

insulation. . . . Bonnets made to fit small infants

prevent heat loss from the head after the infant

leaves the incubator. (p. 1693)

"The head as a body surface contributing to heat loss is
dramatized by the enhanced protection provided by swaddling
of all but the exposed face of the infant" (Besch et al.,

1971, p. 123). In their study, Besch et al. (1971) found

that infants who had their heads covered retained more heat
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than those whose heads were bare. 'This is not surprising
since the head constitutes a considerable portion (9 to 18
percent) of the body surface of the newborn infant" (p.
123).

Closely related to clothing the infant to maintain
body temperature, is the use of plastics to cover the
infant. Smith (1962) mentioned the use of plastic drapes
or silver foil to cover an infant as protection from the
environment. Baum and Scopes (1968) developed a swaddler
known as the silver swaddler that is made out of a
polyvester material that has been laminated on the inside
with a thin nonabrasive layer of aluminum. Sinclair (1976)
said that the silver swaddler has proven to be effective
in preventing heat loss because it reflects all energy
radiated from the baby's skin as well as preventing any
kind of radiant heat loss. Valman (1979) mentioned the
silver swaddler which was designed to limit heat loss
during transport. He stated that the swaddler 'is
commercially available, but wrapping the baby with Gamgee
wool is also satisfactory" (p. 1432). Besch et at. (1971)
developed another swaddler made of a "unique swaddling
material that proves to be at least as effective as the
radiant heater in shielding against heat loss'" (p. 123).

This material is a plastic sheet with air pockets sealed



55
between two layers of polyethylene coated with polyvinyl-
idene. This material is used to cushion contents in
commercial packages. One of the major hindrances of the
silver swaddler is that the infant is hidden by the
material. The proponents of the clear plastic swaddler
say that the infant is more visible, but access to the
infant is difficult for both the clear and foil-type

swaddlers.

Skin Temperatures and Electric Thermometers

Several studies suggested that skin temperatures
rather than rectal temperatures seem to be more closely
related to the increased oxygen consumption that accompanies
cold stress. Some researchers indicated that it is the
difference in environmental temperature and skin temperature
that determines the amount of metabolic rise. Miller and

Oliver (1966) stated that

recent studies provide further evidence that core
(rectal) temperature is not the prime receptor
site for thermal regulation. Briick, Silverman,
and Agate and more recently, Adamsons and co-
workers have shown this to be a function of skin

receptor sites. (p. 968)

Silverman and Sinclair (1966) also mentioned that Brick and
Day demonstrated that skin temperatures in newborns had an
influence on the metabolic rate in newborn infants that
appear unrelated to inner body temperature. Brick (1961)

observed that oxygen uptake increased in the newborn
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immediately after experiencing external cooling. Since
oxygen consumption increased so rapidly after being placed
in a cool environment, this response must be triggered by
cutaneous thermal receptors. Adamsons and Towell (1965)
reported findings that suggested that the peripheral
receptors that respond to differences in temperatures
between the skin and the environment are more important in
thermal regulation than are hypothalmic receptors.
Adamsons, Gandy, and James (1965) reported that no
correlation was found between oxygen consumption and rectal
temperatures in healthy mature infants from birth to six
hours old. Oxygen consumption varied by as much as 200%
for a given rectal temperature. A closer relationship was
demonstrated between oxygen consumption and skin or
environmental temperatures. The best correlation was
demonstrated when oxygen consumption was described as a
function of the temperature gradient between body surface
temperature and environmental temperature. ''Thus, newborn
infants have an increased sensitivity in regard to
cutaneously induced metabolic rises'" (Brlck, 1961, p. 79).

There has been some disagreement over the amount of
time required to obtain an accurate temperature. Eoff et
al. (1974) did a study comparing axillary and rectal
temperatures in newborn infants taken with a glass

thermometer and a telethermometer. To carry out the study
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the authors reviewed recommendations found in the litera-
ture regarding the length of time a thermometer should be
held in place to insure an accurate reading. They found
that there was disagreement among authors over the amount
of time necessary to obtain an accurate temperature. For
axillary temperatures, time periods varying from 1%
minutes to 10 minutes were recommended by Dunham (1961),
Loudon (1957), and Nichols, Ruskin, Glor, and Kelly (1966).
For rectal temperatures, a time period from 1 to 5 minutes
was recommended by Fuerst and Wolf (1963), Metheny and
Sniveley (1967), and Nichols and Glor (1968). Nichols
et al. (1966) concluded from their study that oral
temperatures are adequately measured in 7 minutes, axillary
temperatures take 10 minutes and, rectal temperatures take
2 minutes.

Recently the electric thermometer has been developed
to measure a person's temperature. Beck, Campbell, and
St. Cyr (1977) stated that one problem noted with predic-
tive electric thermometers is the report of inaccuracies
due to the different temperatures which are in the mouth.
"Except for this, electronic thermometers have a generally
high performance in laboratory tests" (p. 28). Beck et al.
(1977) also reported the concern of nurses over the

accuracy of the thermometer as the battery wears down.
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According to Gunthrie Laboratory, however, accuracy is
maintained even after the recharge signal activates. IVAC
Corporation (1979) reported that their thermometers are
accurate within .1°C and hold a charge for approximately

600 temperatures.

Summary

This chapter discussed thermoregulation as it affects
the newborn infant, especially the premature infant. The
chapter began with a brief overview of progress in thermo-
regulatory knowledge and techniques. Reasons why full-
term infants as well as premature infants are susceptible
to lose body heat was covered. The consequences of heat
loss in infants were discussed. The means of maintaining
body temperature were discussed from the role the infant
plays to the techniques available to the nurse to use to
maintain the infant's temperature. Various studies were
presented correlating skin temperature to metabolic rate

followed by information regarding different kinds of

thermometers.



CHAPTER 3

PROCEDURE FOR COLLECTION AND TREATMENT OF DATA

This study utilized the classical experimental approach
with a pre and post test design. In this design, there are
two groups randomly selected from a given population and
assigned to either the experimental group or the control
group. A pre-test is given to both groups. The treatment
is applied. Then both groups are given a post-test to
determine the effect of the treatment (Treece & Treece,
1973). Polit and Fungler (1978) stated that a true exper-

iment is characterized by three properties:

1. Manipulation--the experimenter does something
to at least some of the subjects in the study.
2. Control--the experimenter introduces one or

more controls over the experimental situation,
including the use of a control or comparison group.

3. Randomization--the experimenter assigns subjects
to a control or experimental group on a random basis.
(p. 150)

In this study there was a population of premature infants
that were randomly divided into a control group and an
experimental group. The pre-test and post-test were the
axillary temperatures obtained in the delivery room and

nursery respectively. The treatment was the use of a

stockinet cap.
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Setting

This study took place in Parkland Memorial Hospital
which provides general health services for a large metro-
politan area of over 1,000,000 people in the Southwest.
The hospital has 102 bassinets and 12 neonatal intensive
care beds and delivers approximately one out of every
three babies delivered in the area it serves. In 1979, 941
of the babies delivered were classified as low birth-weight.
The neonatologist in charge of the nurseries estimated that
approximately 600 of these infants were premature.

Physically, the labor and delivery suite is separated
by several floors from the low birth-weight nursery and
the intensive care nursery and is connected by an elevator
designated for the purpose of transporting these infants to
these nurseries. The regular newborn nursery is on the

same floor as the delivery suite.

Population and Sample

The population for this study consisted of 40 infants
between 32 and 36 weeks gestational age born at Parkland
Memorial Hospital from seven o'clock in the morning until
five o'clock in the evening Monday through Friday during
the study period. The sample, which was the population,

was divided into a control group and experimental group
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using the stratified random technique (Polit & Hungler,
1978).

At a time prior to the data collection, 60 index
cards were utilized to pre-arrange randomization for the
future population. Due to the expectation that infants
would be dropped from the study because of their failure
to fulfill all of the research criteria, 60 cards were
used instead of the projected 40 cards. The total expected
population was divided into infants who were 32-34 weeks
gestational age and infants who were 35-36 weeks gesta-
tional age. Four cards were selected from the 32-34 week
pile, two were designated control group and two were
designated experimental group. The cards were numbered
one through four and put in order according to the
occurrence of the designated number in a table of random
numbers. The 35-36 week pile was treated in like manner.
Four more cards were selected from the 32-34 week pile
with two designated as the control group and two designated
as the experimental group. They were numbered five through
eight and ordered according to the occurrence of their
designated number in a table of random numbers. The 35-36
week pile received the same treatment. This was continued
until all 60 cards had been processed. This method was
chosen because of the expected small number of the youngest

premature infants. The researcher desired to ensure that
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the smallest infants were equally divided into the control
and experimental groups.

To be included in this study, an infant must have
met several requirements. First of all, the gestational
age as calculated from the mother's last menstrual period
had to be verified by clinical evaluation. The clinical
evaluation was the determining factor. The premature
infant also had to have an appropriate weight for his age.
His Apgar score must have been 7 or above at five minutes
after birth. The infants could not have signs of any
central nervous system defect such as seizures or hydro-
cephalus. Babies were delivered both vaginally and by
Cesarean section. An infant was dropped from the study if
he developed sepsis as determined by positive growth of
pathogenic bacteria after the culture had undergone 7
days of incubation. No infant was included if the mother's
temperature was 37.8°C or above during labor. Lastly,

the infant had to be delivered in the delivery room.

Protection of Human Subjects

To insure that no human rights were violated by this
study, permission was obtained from the Human Subject
Review Committee of Texas Woman's University to conduct
the study (see Appendix A). Permission was then obtained

from the agency in which the study was done (see Appendix
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B). Informed consent was obtained from the mother of the
infant during early labor and prior to the mother's
receiving any medication. If the mother was under 18
years of age and single, or mentally incapable of giving
informed consent, permission was obtained from her legal
guardian. The researcher explained to the mother or legal
guardian the procedure for the study and the fact that
there would be little or no risk to her infant. The
researcher explained and expected benefits of this study as
being (a) an improved body temperature of the infant on
arrival in the nursery and (b) increased nursing knowledge
concerning body temperature maintenance when planning care
for a premature infant. To insure the anonymity of the
subjects, the infants were designated by their band
numbers which they received at birth multiplied by a
constant known only to the researcher. The researcher
offered to answer any question the mother had regarding
the study. Each mother was assured that she could with-
draw her permission for participation in the study at any
time without loss of medical care to herself or her infant.
Following the verbal explanation, the mother was given a
written form to sign which explained the procedure for the

study, the risk involved, and the expected benefit to the

infant (see Appendix C).
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Instruments

The instrument used to determine the axillary temper-
atures in the delivery room and the nursery was an IVAC
electric thermometer Model 821 which gives the temperature
in centigrade. This thermometer is calibrated at three
temperature levels and is accurate within .1°C. The IVAC
Corporation stated that 99% of the thermometers returned
for service retained their accuracy after months and some-
times years of hospital use (IVAC, 1979). IVAC Corporation
recommended that for axillary temperatures in newborns
that the instrument be used in the test mode. This meant
that: (a) the oral temperature probe was disconnected from
the main unit, (b) the probe with its cover placed in the
axilla, and (c¢) the infant's arm held next to his body for
S5 minutes. After 5 minutes, the temperature probe
was reconnected to the unit and the temperature was
displayed (see Appendix D). The nursery axillary tempera-
tures were obtained within 10 minutes after the infant
arrived in the nursery. A standard glass wall thermometer
was used to measure the temperature of the delivery room.
A1l of the glass thermometers used in this study displayed

the same temperature when placed in the same room for a

period of a week.
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The instrument used to determine the gestational
age and weight classification of the infants in this study
was '"'Newborn Maturity Rating and Classification." This
tool, distributed by the Mead-Johnson Corporation, is
used to classify infants according to age and weight. To
determine an infant's age, one assigns a number for each
of the categories listed on the tool that most closely
resembles the infant under study. These numbers are added
and the resulting score is correlated with a gestational
age by refering to maturity rating scale. Next, the
infant's length, head circumference and weight are plotted
on the appropriate graphs using the estimated gestational
age. If the length, head circumference and weight fall
in the middle category then the infant is appropriate for
gestational age (see Appendix E).

Two other instruments were used in this study. A
stop watch was used to measure the five minute time period
necessary for the axillary temperatures. The Subject Infor-
mation Sheet was developed by the researcher for recording

the data (see Appendix F). This data from this instrument

was used to describe the sample.

Cata Collection

The data was collected using the observation method.

When a mother was expected to deliver an infant of 32-36
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weeks gestation, permission was obtained prior to the
administration of any medications. After determining that
the mother was afebrile during labor, the researcher
accompanied the mother to the delivery room for the birth
of the baby. The temperature of the delivery room was
recorded. The time of the infant's birth was used as the
starting point for the times recorded in this study. The
researcher dried the infant under a radiant warmer and then
determined if the infant was in the control or experimental
group by selecting the top index card in the corresponding
gestational age category. Subsequently that card was
discarded. If the infant was in the experimental group,
he received a sterile stockinet cap and his axillary
temperature was taken. If the infant was designated as
being in the control group, only his axillary temperature
was taken. The birth weight, sex, race, and 5 minute
Apgar score of the infants in both groups was noted. The
temperature of the transport incubator was obtained, if
this mode was used to transfer the infant to the nursery.
Within ten minutes after the infant had arrived in the
nursery and had been placed in an incubator, the researcher
obtained and recorded the axillary temperature for both
groups. At a somewhat later time the infants' gestational
age was verified by the researcher and his chart reviewed

for central nervous system defects noted by the physician.
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After 7 days, laboratory reports were checked for any

positive blood cultures.

Treatment of the Data

The sample was described demographically as to sex,
ethnic group, weight, Apgar score, gestational age, method
of delivery, amount of time elapsed from birth to onset of
drying, amount of time elapsed from birth to arrival in
the nursery, temperature of the delivery room, temperature
of the transport incubator, and the highest temperature
of the mother during labor. The means were computed for
both groups for all categories along with percentages and
ranges for comparison purposes.

The mean and range of the axillary temperatures taken
in the delivery room and in the nursery were computed along
with the mean and range of the temperature difference
between the delivery room and nursery axillary temperatures.
The data was also analyzed in relation to the number of
infants in both groups who had skin temperatures below the
thermoneutral range on arrival in the nursery.

Hypothesis I and hypothesis II were tested by using
the analysis of variance to determine if the application
of a cap had a significant effect on (a) the admission
nursery axillary temperature or (b) the amount of heat lost

from the time the axillary temperature was taken in the
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delivery room until the axillary temperature was taken in
the nursery. The significance level was set at .O05.

Polit and Hungler (1978) have stated that analysis of
variance is a parametric procedure useful in testing the
significance of differences between two or several means.
Analysis of variance breaks down the variability of a set
of data into two components: '"1) the variability resulting
from the independent variable and 2) all other variability,
such as individual differences, measurement unreliability,
and so on" (p. 553).

Because of the occurrence of several factors beyond
the direct control of the researcher, analysis of covari-
ance was done to remove the effects of these factors on
the dependent variables, the average skin temperature on
arrival in the nursery and the difference in the delivery
room axillary temperature and the nursery axillary

temperature.

The analysis of covariance tests the significance

of differences between group means after first
adjusting the scores of the dependent variable to
eliminate the effects of the covariate . . . The
variability in the dependent measure that can be
explained by the covariate is removed from further
consideration. Analysis of variance is performed

on what remains of Y's variability to see whether,
once the covariate is controlled, significant differ-
ences remain between the groups. (Polit & Hungler,

1978, p. 581)
The covariates in this study were: sex, ethnic group,

method of delivery, amount of time elapsed from birth to
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drying, amount of time from birth to arrival in the
nursery, temperature of the delivery room, temperature of

the transport incubator, highest temperature of the

mother, gestational age, and weight.



CHAPTER 4

ANALYSIS OF DATA

This chapter contains a quantitative description of
the sample. The two hypotheses are presented and analyzed
using analysis of variance to determine the significance
of the differences in the group means. Additional findings
are presented. Analysis of covariance was used to rule
out the effects of selected covariates on the dependent

variable. The chapter ends with a summary of the findings.

Description of Sample

The sample for this study contained 40 premature
infants who were between 32 to 36 weeks gestational age,
and who were appropriate for gestational age as determined
by the newborn maturity rating and classification tool.
These infants were born either vaginally or by Cesarean
section in the delivery room. The oral temperatures of
all mothers throughout their labors was below 37.8°C. All
infants included in the study had Apgar scores of 7 or
above at 5 minutes after birth. All infants in the
study failed to demonstrate any evidence of sepsis or any

kind of central nervous system disorder.
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These infants were assigned at birth to either the
experimental group or the control group using the strati-
fied random technique until a total of 40 infants was
reached. There were 17 infants assigned to the experimental
group and 23 infants assigned to the control group.

Demographically, the experimental group had four males
and 13 females or 24% and 76% respectively. The control
group had 12 males and 11 females or 52% and 48%
respectively (see Table 1).

In the experimental group there were six white infants
(35%), five black infants (29%), and six Mexican-American
infants (35%). The control group had eight white infants
(35%), 13 black infants (57%), and two Mexican-American
infants (9%) (see Table 1).

These infants were born either vaginally or by
Cesarean section. The experimental group had 15 infants
or 88% that were delivered vaginally and two infants or
12% delivered by Cesarean section. The control group had
18 infants or 78% who were born vaginally and five infants
or 22% that were delivered by Cesarean section (see Table
1).

Infants in both groups ranged in gestational age from
32 to 36 weeks. The experimental group consisted of five
infants in the 32-34 week age bracket or 29% and 12

infants in the 35-36 weeks age bracket or 71%. The control
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group had 4 infants in the 32-34 week age bracket or 17%
and 19 infants in the 35-36 weeks age bracket or 83%. The
mean gestational age in the experimental group was 34.9
weeks whereas the mean age in the control group was 35.2

weeks (see Table 1).

Table 1

Demographic Characteristics of the Experimental
and Control Groups

Demographic Experimentala Controlb
category f % 4 %
Sex
Male 4 24 12 52
Female 13 76 11 48

Ethnic group

White 6 35 8 35
Black 5 29 13 57
Mexican-American 6 35 2 9

Method of Delivery

Vaginal 15 88 18 78

Cesarean Section 2 12 5 22
Gestational Age

32 to 34 weeks 5 29 4 17

12 71 19 83

35 to 36 weeks

a
n 17.
bh = 23.
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These infants ranged in weight from 1,360 gm to
2,965 gm. The experimental group ranged from 1,420 gm to
2,890 gm with a mean weight of 2,253.4 gm. The range of
the control group was from 1,360 gm to 2,965 gm with
2,276.8 gm as the mean weight.

The Apgar scores at 5 minutes after birth ranged
from 7 to 9 for all infants. In the experimental group,
16 infants received a score of 9 or 94% with the remaining
infant receiving a score of 7. The control group had 22
infants who received a score of 9 or 96%. The other
infant received an Apgar score of 8.

There were two time periods that were measured in
this study. The first was the amount of time that elapsed
from the time of birth to the beginning of the drying
procedure. The second was the amount of time that elapsed
from the time of birth to arrival in the nursery. The
average time involved from birth to the onset of drying
was 1.9 minutes in the experimental group with a range of
1 to 5 minutes. The control group ranged from 1 to 9
minutes with an average time of 2.7 minutes. The average
amount of time from birth to arrival in the nursery for
the experimental group was 24.9 minutes with a range of 15
to 42 minutes. The control group ranged from 9 minutes to

52 minutes with an average time of 23.7 minutes.
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It is the policy of Parkland Memorial Kospital that
all infants under 2,500 gm go to the low birth-weight
nursery on the seventh floor and be transported by a
transport incubator. All infants weighing more than
2,500 gm go to the regular newborn nursery on the same
floor as the delivery room and are carried there wrapped
in a blanket. Due to this policy, some infants in both
groups were transported to their nurseries in incubators
and some were hand-carried. In the experimental group, 7
infants or 41% were transported in an incubator. Twelve
infants or 52% of the control group were transported in an
incubator to the low birth-weight nursery. The average
temperature of the transport incubator for the experimental
group was 35.3°C with a range of 31°C to 40°C. The control
group had a mean transport incubator temperature of 35.20C
with a range from 33°C to 37°C. The remainder of the
infants, 10 infants or 59% for the experimental group and
11 infants or 48% for the control group, were carried to
the regular newborn nursery.

The temperature of the delivery room was recorded at
the time of delivery for all infants. The average temper-
ature of the delivery room was 21.9°C in the experimental
group and ranged from 20°C to 23°C. The control group had
a delivery room temperature range from 20°C to 22°C with

an average temperature of 21.5°C.
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The temperature of the mother was taken every 4
hours during labor. The highest temperature during labor
was recorded. The average highest temperature recorded
for the mothers of the experimental group was 37.1°C with
a range of 36.€°C to 37.7°C. The average highest
temperature recorded for the mothers of the control group
was 37.2°C with a range of 36.2°C to 37.8°cC.

Axillary temperatures were obtained from all infants
in the delivery room as soon as the infant was dried.

The average axillary temperature taken in the delivery
room was 36.4°C for the experimental group with a range

of 35°C to 37.4°C. Two infants (12%) in the experimental
group had axillary temperatures below 36°C. The control
group had an average delivery room axillary temperature

of 36.2°C with a range of 35.3°C to 37.3°C. Seven infants
(30%) in the control group had axillary temperatures below
369¢C.

The axillary temperature was again taken on all
infants upon their arrival in the nursery after they had
been placed in their incubators. The average nursery
axillary temperature recorded for the experimental group
was 36.0°C with a range of 35.2°9C to 36.99C. Eight
infants in the experimental group or 47% had an axillary
temperature below 36°C. The control group had an average

nursery axillary temperature of 35.9°C with a range of
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34.8°C to 36.8°C. Twelve infants in the control group,
or 52%, had axillary temperatures below 36°C.

The average amount of heat lost from birth to arrival
in the nursery was determined by the temperature difference
between the delivery room axillary temperature and the
nursery axillary temperature. The average temperature
difference for both groups was .3°C. The experimental
group had a range of -1.1°C to .3°C and the control group

had a range of -1.1°C to .6°C.

Findings

Analysis of variance was used to test hypothesis one:
there will be no difference on arrival in the nursery in
the admission axillary temperatures of premature infants
who receive a stockinet cap after delivery and premature
infants who do not receive a cap after delivery. The
average axillary temperature on arrival in the nursery
for those infants who received a cap was 36.0°C. The
average axillary temperature on arrival in the nursery for
those infants who did not receive a cap was 35.9°cC.
Analysis of variance, using the .05 level of significance,
showed that there was no significant difference in the
average nursery axillary temperatures of premature infants
who received a cap and premature infants who did not

receive a cap after delivery, F (1,38) = .56, p = .46.
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Therefore, hypothesis one predicting no difference was
accepted as stated.

Analysis of variance was also used to test hypothesis
two: there will be no difference in the amount of heat
lost from the time the axillary temperature is obtained in
the delivery room until the axillary temperature is obtained
in the nursery in premature infants who receive a stockinet
cap after delivery and premature infants who do not receive
a cap after delivery. The average amount of heat lost for
both the experimental and control groups was .3°9C. The
results of analysis of variance, using the .05 level of
significance, showed that there was no significant differ-
ence in the amount of heat lost in premature infants who
received a cap and premature infants who did not receive a
cap after delivery, F (1,38) = .03, p = .87. Therefore,
hypothesis two predicting no difference was accepted as

stated.

Additional Findings

Since temperature of an infant can be affected by
several factors, the effect of these factors was statis-
tically removed to determine if a difference in the two
groups could be demonstrated. This was done by using
analysis of covariance. The covariates considered were:

sex, ethnic group, weight, method of delivery, amount of
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time elapsed from birth to arrival in the nursery, temper-
ature of the delivery room, temperature of the transport
incubator, delivery room axillary temperature, gestational
age, and highest temperature of the mother. The .05 level
of significance was used to determine whether the covariates
had a significant effect.

The covariates that had the greatest effect on the
nursery axillary temperature were: delivery room axillary
temperature, sex, temperature of the mother, method of
delivery, and weight. The delivery room axillary temper-
ature had a significant effect, F (1,33) = 46.37, p = OUL,
The effect of sex was not significant, F (1,33) = 2.31,

p = .14. The effect of the mother's temperature was not
significant, F (1,33) = .07, p = .79. The method of
delivery had a significant effect, F (1,33) = 5.34, p = .03.
Weight did not have a significant effect, F (1,33) = .01,

p = .94. The analysis of covariance showed that when both
groups were statistically equalized for all five covariates,
there was still no significant difference found in the
adjusted means. F (1,33) = .12, p = .73 (see Table 2).

Analysis of covariance was also used to determine if
a cap had a significant effect on the amount of heat lost
from the time the axillary temperature was obtained in the
delivery room until the axillary temperature was obtained

in the nursery. This heat loss was measured as the
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Table 2

Summary Table of Results of Analysis of Covariance Showing
Effects of the Five llost Important Covariates in
Relation to Nursery Axillary Temperatures

Source of variation df F p
Covariates
Delivery Room
Axillary Temperature 1 46.37 . 001 %%
Sex 1 2.31 .14
Mother's Temperature 1 .07 .79
Method of Delivery 1 5.34 .03%*
Weight 1 .01 .94
Main Effects
Group 1 .12 .73
Residual Error 33
Total 39
*p ¢ .05.
*¥p < ,001.

temperature difference between the delivery room axillary
temperature and the nursery axillary temperature. The .05
level of significance was used to determine if the

covariates had a significant effect.
The covariates that were found to have the most effect

on this temperature difference were: Se€Xx, ethnic group,

method of delivery, temperature of the transport incubator,
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and gestational age. The effect of sex was not signifi-
cant, F (1,33) = .70, p = .41. The ethnic group had a
significant effect, F (1,33) = 4.69, p = .04. The method
of delivery also had a significant effect, F (1,33) = 5.47,
p = .03. The incubator temperature did not have a signi-
tant effect, P (1,33) = .80, p = .38. The effect of
gestational age was not significant, F (1,33) = 2.85,
p = .10. The analysis of covariance showed that when both
groups were statistically equalized for these five covari-
ates the remaining difference between the group means was
not significant at the .05 level, F (1,33) = .10, p = .75
(see Table 3).

Since thermal stability is more precarious in infants
weighing less than 2,000 gm, the researcher compared the
difference in the nursery axillary temperatures of the
experimental infants and the control infants under 2,000 gm
using the Mann-Whitney U test. There were six infants in
the experimental group and four infants in the control
group who weighed less than 2,000 gm. The mean nursery
axillary temperature in the experimental group was 36.1°C
and ranged from 35.49C to 36.9°C. The mean nursery
axillary temperature for the control group was 35.4°C and
ranged from 34.8°C to 36.2°C. The .05 level of signifi-

cance was again used to determine if the cap had a
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Table 3

Summary Table of Results of Analysis of Covariance
Utilizing the Five Most Important Covariates
on the Amount of Heat Lost

Source of variation af r P
Covariates
Sex ;| .70 .41
Ethnic Group 1 4.€9 .04 %
Method of Delivery 1 5.47 .03%*
Incubator Temperature 1 .80 .38
Gestational Age 1 2.85 .10
Main Effects
Group 1 .10 .75
Residual 33
Total 39
*p ¢ .05,

significant effect. The result of the analysis showed that
premature infants less than 2,000 gm who received a cap
after delivery had significantly higher axillary temper--
atures on arrival in the nursery, U = 3.00, p = .03.

The mean delivery room axillary temperatures of the
two groups were different. The mean delivery room axillary

temperature for the experimental group was 36.4°C with a
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range of 36.1°C to 37.1°C. The mean delivery room axillary
temperature for the control group was 35.6°C with a range
of 35.3°C to 36.3°C. Analysis of covariance was done to
determine if the higher nursery axillary temperatures
observed in the experimental group was a result of the cap
or their higher delivery room axillary temperatures. The
analysis showed that the delivery room axillary temperature
had a significant effect on the nursery axillary temper-
ature, F (1,7) = 25.78, p = .001. When the two groups
were statistically equalized in regard to their delivery
room axillary temperatures, no significant difference
between the two groups could be demonstrated, F (1,7) = .16,
p = .70 (see Table 4). Therefore, a stockinet cap had no
effect on the nursery axillary temperatures once the
difference in the delivery room axillary temperatures was
controlled in premature infants weighing less than 2,000 gm.

The effect of a cap on the amount of heat lost from
the time the axillary temperature was obtained in the
delivery room until the axillary temperature was obtained
in the nursery was also examined for the 10 infants who
weighed less than 2,000 gm. Both groups lost the same
amount of heat, .3°C. The experimental group ranged from a
loss of .99C to a gain of .1°Cc. The control group ranged
from no loss of temperature to a loss of .7°C. The results

of the Mann-Whitney U showed that there was no significant
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Table 4

Results of Analysis of Covariance Determining the Effect
of a Cap on Nursery Axillary Temperature Controlling
for Delivery Room Axillary Temperature in
Infants Weighing Less Than 2,000 gm

Source of variation daf P P
Covariate

Delivery Room

Axillary Temperature 1 25.78 .001%*
Main Effects

Group 1 .16 .70
Residual Error 7
Total 9

*p ¢ .001.

difference between the two groups U = 9.5, p = .31. There-

fore, a cap had no effect on the amount of heat lost in

premature infants weighing less than 2,000 gm.

Summary of Findings

Analysis of variance was used to test the two
hypotheses. The result of this analysis showed that a
stockinet cap had no effect on a premature infant's
temperature on arrival in the nursery. The results also

showed that a cap had no effect on the amount of heat lost
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by a premature infant from the time the axillary tempera-
ture was obtained in the delivery room until the axillary
temperature was obtained in the nursery.

Because body temperature can be influenced by several
factors, analysis of covariance was done to remove the
effect of these factors. The five most important
covariates that had the greatest influence on an infant's
nursery axillary temperature were: delivery axillary
temperature, method of delivery, sex, temperature of the
mother, and weight. Delivery room axillary temperature and
method of delivery had a significant effect on the nursery
axillary temperature. With both groups equalized in regard
to the five most important covariates, there was still no
difference in the nursery axillary temperature.

The five most important covariates to affect the
amount of heat lost from the time the axillary temperature
was obtained in the delivery room until the axillary
temperature was obtained in the nursery were: the method
of delivery, ethnic group, gestational age, temperature of
the transport incubator, and sex. The method of delivery
and ethnic group were the only two covariates which had a
significant effect on this temperature loss. Yith both
groups equalized in regard to all five covariates, there

was still no significant difference found in the amount of



85

heat lost in premature infants who received a cap and
premature infants who did not receive a cap after delivery.

An additional finding showed that infants weighing
less than 2,000 gm who received a stockinet cap after
delivery had a higher admission nursery axillary tempera-
ture than premature infants who did not receive a cap after
delivery. This difference was nullified when the effect of
the delivery room axillary temperature was removed from the
nursery axillary temperatures by analysis of covariance.
The two groups also did not differ in the amount of heat
lost from the time the axillary temperature was obtained
in the delivery room until the axillary temperature was

obtained in the nursery.



CHAPTER 5

SUMMARY OF THE STUDY

This study was carried out to determine whether or not
the use of a stockinet cap would aid in maintaining a
premature infant's body temperature resulting in primary
prevention of cold stress. This study tested two
hypotheses: (a) there will be no difference on arrival in
the nursery in the admission axillary temperatures of
premature infants who receive a stockinet cap and premature
infants who did not receive a cap after delivery, and
(b) there will be no difference in the amount of heat lost
from the time the axillary temperature is obtained in the
delivery room until the axillary temperature is obtained in
the nursery in premature infants who receive a stockinet
cap after delivery and premature infants who do not receive

a cap after delivery.

Summary
A group of 40 premature infants who met all the
research criteria were assigned to the experimental or
control group by the stratified random technique. The
experimental group received a stockinet cap after delivery
as soon as possible after being dried under a radiant

86
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warmer. The axillary temperature was taken in the delivery
room and again in the nursery. The control group received
the same treatment minus the cap. Analysis of variance was
used to determine if the cap had an effect upon the nursery
axillary temperatures or the amount of heat lost by pre-
mature infants from the time their temperature was obtained
in the delivery room to their arrival in the nursery.
Analysis of covariance was also used to rule out the effect
of various factors affecting the infants' axillary temper-
atures.

The results of these analyses showed that the use of
a stockinet cap had no effect on a premature infant's
nursery axillary temperature or the amount of heat lost
from the time the axillary temperature was obtained in the
delivery room until the axillary temperature was obtained
in the nursery. When the data were analyzed using only
those infants weighing less than 2,000 gm, a stockinet
cap appeared to have a significant effect on the nursery
axillary temperatures, but this effect was determined to
be due to initial differences between the two groups and
not the result of the cap. The cap had no effect either on
the amount of heat lost from the time the axillary

temperature was obtained in the delivery room until the
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axillary temperature was obtained in the nursery in pre-
mature infants weighing less than 2,000 gm.

Results of analysis of covariance showed that two
covariates had a significant effect on nursery axillary
temperature. The delivery room axillary temperature had
the greatest effect on the nursery axillary temperature
and was significant at the .001 level. The method of
delivery also had a significant effect with p = .03. Two
covariates were also found to have an effect on the amount
of heat lost from the time the axillary temperature was
obtained in the delivery room until the axillary temper-
ature was obtained in the nursery. The method of delivery
had the greatest effect with p = .03. Ethnic group also

had a significant effect with p = .04.

Discussion of Findings

A study by Besch et al. (1971) looked at the effect of

a transparent baby bag on rectal temperatures in newborn
infants. These researchers found that the addition of a
head-covering to these bags resulted in lower temperature
falls in infants both under radiant heaters and those in
room temperature. This study differed from the present
study in that the head covering involved was a plastic
material and that rectal temperatures were used to measure

the effect of the bag. The results of the present study
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using a stockinet cap on premature infants did not show
this lower temperature fall reported by Besch et al.
(1971).

Porth and Kaylor (1978) reported that bonnets help
prevent heat loss in small infants when they are taken out
of their incubators. Capobianco (1980) also mentioned a
benefit in using a '"tiny stocking cap" on premature infants
while they are still in their incubators. The results of
the present study failed to demonstrate a benefit due to
using a stockinet cap in preventing heat loss in premature
infants after delivery.

Data was collected regarding several factors that can
influence an infant's skin temperature. Gestational age
was mentioned by Bruck (1961), Heim (1971), and Silverman,
Sinclair, and Agate (1966) as affecting body temperature
regulation. Sinclair (1970) stated that gestational age
does not modify a small infant's response to cooler
temperatures; instead, the response is mainly a function
of body size. The results of the present study supported
Sinclair's findings in 1970 that gestational age has little
effect on the amount of heat lost in the period following
delivery.

Rosen et al. (1978), in their study comparing temper-
atures of infants born vaginally and by Cesarean section,

found no difference in the rectal temperatures of these two



0

groups. The results of the present study showed that the
method of delivery had an effect on the nursery axillary
temperature and the amount of heat lost from the time the
axillary temperature was obtained in the delivery room
until the axillary temperature was obtained in the nursery.
This could have been due to the fact that axillary temper-
atures were used rather than rectal temperatures in the
present study. Also the temperature of the radiant warmer
may have been warmer for infants delivered by Cesarean
section than for infants delivered vaginally due to the
fact that the bed was heated for a longer period of time
because the time of delivery could be more accurately
predicted than for vaginal deliveries. The treatment of
Cesarean section infants also varied in that these infants
were not held by their mothers as were those infants of
mothers who delivered vaginally. Rosen et al. (1978) com-
bined the rectal temperatures on admission to the nursery,
at 4 hours, and 8 hours after birth to arrive at a
mean rectal temperature to use in comparing the two groups.
Perhaps if the present study included the temperatures at
4 and 8 hours after birth, the results would be
similar.

One of the goals of nursing care of a newborn infant

is to prevent cold stress by maintaining an infant in a
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thermoneutral environment. Several researchers have
determined that this environment is evidenced by a skin
temperature between 36-37°C (Briick, 1961; Heim, 1971:
Hey & Katz, 1970; Silverman, Sinclair & Agate, 1966;
Silverman, Sinclair, & Scopes, 1966). The results of
the present study showed that 20 infants out of the total
40 infants had axillary temperatures below 36°C on arrival
in the nursery and that the infants lost little heat after
the initial axillary temperature was obtained in the
delivery until the axillary temperature was obtained in the
nursery. Therefore, these infants were not maintained in
a thermoneutral environment in the delivery room and
experienced some degree of cold stress. Rosen et al. (1978)
stated that the present method of providng a thermoneutral
environment in the delivery rocom is adequate for full-term
infants but small-for-dates or premature infants require
""'special care to ensure heat preservation' (p. 1693). The
number of babies with axillary temperatures below 36°C in
the present study has underlined the need for a renewed
effort in the delivery room to increase thermal protection

for premature infants.

Conclusions and Implications

The conclusions that can be drawn from this study

were:
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1. Additional use of a stockinet cap on premature
infants does not aid in primary prevention of cold stress.

2. The gestational age of the infant has little
effect on amount of heat lost after delivery.

Implications for nursing practice are:

1. Nurses receiving a premature infant at delivery
should place the most emphasis on preventing heat loss in
the initial minutes after birth if their goal of primary
prevention of cold stress is to be achieved.

2. Nurses should investigate additional or alternate
methods of preventing heat loss in premature infants after

delivery to ensure maintenance of thermoneutral conditions.

Recommendations for Further Study

Based on the findings of this study, the following
suggestions are submitted for future studies.

1. A study should be done with a larger sample, using
a thermometer that can register temperature faster and
display the readings continuously. A method for recording
the radiant warmer temperature should be incorporated.

2. This study should be replicated using only infants
under 2,000 gm.

3. A study should be done using different materials

for a cap such as a plastic or aluminum-lined plastic.
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4. A study should be done comparing the temperature of
infants delivered vaginally and those delivered by Cesarean
section to see if there is a difference due to the method
of delivery or if the difference observed in the present
study was the result of other factors.
5. This study should be replicated utilizing both

rectal and axillary temperatures.



APPENDIX A



-
HUMAN SUBJECTS REVIEW COMATITEE

ame of Investigator: Jeniter Roberts Center: Dallas

Address: 6600 Turtle Creek Date: 6/20/80

~J
w
N
o
w

Dallas, Texas

™
(ll

b

koberts:

Your study entitled Prevent ing (old stress in Premature Infants by

Use orf a Stockinet Cap

has been reviewed by a commitree of the Hunan Sibjects heview Comilttee
and 1t appears to meet our requirenents in regperd to nrotection of tie
indtvidualts riFhts

1 1te hte,

Please be reminded that beth the University and the Department of
Health. Education, and Velflare requlaticns typ! ("111 r‘r*oujrp that
simatm\,., ir.ulc,ztinf; informyd consent be cutalined from all human
subjects In your studles., ‘ihese are to be flled Mt,?* t,he Humnan Sub-
Scets Review Committes. fny exceptilon to this requirement 1s noted
telow. Furthermore, according to DHEW repulations, another rev rlew by
the Committee is reouired if your project changes.

Any special provisions pertalning to your study zre noted below:

£dd to informed consent form: N medical service or con-
pensation is provided to subjects by the Universlty as a
esult of injury from participation in research.

Add to informed consent form: I UNDERSTAMD THAT THE RoTURH
OF MY QUESTIOINAIRE O’\’Q"I"UH‘S Y L0 CGNSENT TO ACL
£S A SUBJECT IN THIS RESEAJCE




The iling of sirnatwes of suljects with the humn Subjects
Review Canidtten 1 not required.

v e s e A . & 2 4 1 -y he 3 (O
XX Uther: 1. rote that anonymity is furcher protected if veu repord’
Lthe data as group data rather than report anv individual

seOTES, T
No special provisicns apply.

(?{ hr‘\Ilt‘;)ly "
YR

AT T Ze g -
I Pl
* 2 The hospital T.D. number for the Chz—v_irnnn Humsn Subje ELS
infant has the possibilitv of Review Cormittee
being identifying data, Ue
suggest that you further code at Dallas
the number by multiploving or
dividing the number by a con-
stant known only bv you.

EX/sm/3/7/:20



APPENDIX B



98

TEXAS WOMAN'S UNIVERSITY
COLLEGE OF NURSING

AGENCY PERMISSION FOR CONDUCTING STUDY*¥*

THE Parkland Memorial Hospital

GRANTS TO Jenifer Roberts, R.N.

a student enrolled in a program of nursing leading to a
Master's Degree at Texas YWoman's University, the privilege
of 1ts facilities in order to study the following problem.

The problem of this study will be to determine if the use

of a stockinet cap will affect heat loss in premature

infants from birth until admission in the nursery.

The conditions mutually agreed'upon are as follows:

1. The agency (may) (maywse2) be identified in the final
report.

2. The names of consultative or administrative personnel
in the agency (may) (mag===t) be 1dentified in the
final report.

3. The agency (wamts) (does not want) a conference with
the student when the report is completed.

L. The agency is (willing) (umsskiSZmz) to allow the
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TEXAS WOMAN'S UNIVERSITY
COLLEGE OF NURSING

Consent to Act as a Subject for Research and Investigation:

The following information is to be read to or read by the
subject. One copy of this form, signed and witnessed, must
be given to each subject. A second copy must be retained
by the investigator for filing with the Chairman of the
Human Subjects Review Committee. A third copy may be made
for the investigator's files.

1. I hereby authorize Jenifer Roberts, R.N., a graduate
student at Texas Woman's University or her assistants to
perform the following procedures:

to be present at my delivery, to put a sterile stock-
inet cap on my infant, to measure his temperature, accom-
pany him to the nursery, and again take his temperature. I
understand that the investigator will be collecting informa-
tion about my temperature in labor, the weight, sex, race,
condition of my infant at birth, his age in weeks, and any
health problems my infant may have.

2. The procedure or investigation listed in Paragraph 1
has been explained to me by Jenifer Roberts, R.N.

3. (a) I understand that the procedures or investigations
described in Paragraph 1 involve the following possible
risks or discomforts:

I understand that the procedure discussed in Paragraph
1 involves minimal or no risk to my infant. If the cap
interferes with any kind of treatment, I have been assured
that the cap will be removed immediately in order to perform
the treatment and my infant will be withdrawn from the
study. I have been assured that my identity will be pro-
tected. I understand that my infant will be identified by
his band number that he receives at birth multiplied by a
constant known only to the investigator and her assistants.

3 (b) I understand that the procedures and investigations
described in Paragraph 1 have the following potential
benefits to myself and/or others:

an improved body temperature of my infant on arrival
in the nursery. In addition, the results of the study may
give some direction for nurses 1in maintaining body temper-
ature in premature infants.
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3: (c¢) I understand that no medical service or compensa-
tion is provided to the subjects by the university as a
result of injury from participation in research.

4. An offer to answer all of my questions regarding the
study has been made. If alternative procedures are more
advantageous to me, they have been explained. I understand
that I may terminate my participation in the study at any
time.

Subject's Signature Date
If the subject is a minor, or otherwise unable to sign,
complete the following:

Subject is a minor, age , or is unable to sign because:

Signatures - one required

Father Date
Mother Date
Guardian Date

Witness - one required Date
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Axillary Temperature Procedure

Regarding the recommended method for taking axillary
temperatures, especially for the neonatal patient, our
present recommendations are to use the thermometer in the
"test" mode. This is accomplished as follows:

1. Remove the blue oral probe from the storage well
in the thermometer and then unplug the connector from the
front of the thermometer.

2. Apply an IVAC Model P950 cover to the probe.

3. Insert the probe in the axilla, making sure the
tip of the probe is positioned as close to the axillary
artery as possible. Keeping the probe pointed generally at
the axillary artery and keeping the patient's arm close to
his side, should allow the probe to remain in place
unassisted.

4. Leave the probe in place for approximately four to

five minutes then without moving the probe plug the probe

connector into the front of the Model 811 Thermometer. The
thermometer will automatically be energized in the '"test"
mode and will indicate accurately the patient's axillary

temperature.
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5. Record the temperature in the normal manner,
remove the probe, discard the cover, and insert the probe

back in the thermometer storage well.

IVAC Corporation, San Diego, California
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NEWBORN MATURITY RATING
and
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Side 2
CLASSIFICATION OF NEWBORNS —
BASED ON MATURITY AND INTRAUTERINE GROWTH
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SUBJECT INFORMATION SHEET

Subject (code no.) Group Gestational Age

Sex Ethnic Group Apgar Score in 5 minutes

Weight of infant Method of delivery

Highest temperature of mother during labor

Time of: Temperature of:
Birth Delivery Room
Procedure begun Incubator

Arrival in Nursery

Axillary Temperatures:

Delivery Room Nursery

Verified Gestational Age

Appropriate for Gestational Age - Yes No

Any Central Nervous System Defects or Problems

Blood Culture After 7 Days: Positive Negative
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