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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 

st ud ied by researchers concerned with excellence in the 

care of the newborn (Olive r, 1977) . The fact was docu-

mented t hat newborn infants lose body heat to the surround

ing e nvironment if ag ressive 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 n ewly born infant and causes a 

metabolic reaction t o take pl ace which should be prevented, 

espec ially in the premat ure infant. 

urses have used many different techniques and types 

of equipment to h e lp maintai n a n infant's temperature 

vithi n a thermoneutra l range . On e met hod that is employed 

forms a prototype for this study . This met hod consists of 

using a stocki net 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 

. ain ain 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 

infan t s from birth until admission to the nursery. 

Justification of Problem 

Korones (1972) stated that provision of an optimal 

thermal e nvironment is one of the most important aspects of 

effective nursing care of the newborn due to the effect 

cold has on a n ewborn in fa nt. The re are numerous reasons 

wh cold stress should b e kept at a minimum, especially for 

the premature infant . Around the t urn of the 20th century, 

Budin es ablished that premature infants have a bett e r 

survival rate if they are kept warm ( Besch , Perlst ei n, 

Ed ·ard Ke e nan, & Sutherlan d , 1971; Olive r, 1977). Warmth i s 

essential for conserving energy a nd promotin the inf a nts' 

growth and weight gain (Eoff, 1ei r, & Miller, 1974; Glass, 

Sil erman , & Sincl ir, 1 968, Korans, 1972). In addition, 

pro ision of a he rmon e utral environment for the newborn 

r sul s in a more satis fac ory recovery from birth asp h yxia 
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(Adamsons&Towell, 1965; Gandy, Adamsons, Cunningham, 

Silverman, & James, 1964; Schultz, Solt~sz, Moln,r, & 

/ Mestyan, 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 an d 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 t hroug h 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 use d to 

vaporize a liquid such as amniotic fluid (Porth & Kaylor , 

1978) . In the delivery room, the infant is s ubj ect to heat 

loss from all fou r of these modalitites, but "heat loss due 
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to radiation and convection together is twice that from 

eva p or at ion'' ( D ahm & J arne s , 19 7 2 , p . 512 ) . 

The premature infant is more at risk for heat loss 

t h a n the full-term infant due to the unique characteristics 

o f the premature infant. Adamsons (1966) has stated that 

the rmal st ability is mainly a function of body size, amount 

of s ur face a rea, amount of thermal insulation and the 

degree t o wh i ch heat output can be increased. The pre-

mature i s a t risk i n all of these categories. The infant 

has a small body si z e and a relativel y large surface area 

~ith which t o d i s c harg e he a t to the surrounding environment. 

He has a deficien t amount of subcutane ous fat to serve as 

insulation. Wh i l e heat p roduction is functional from the 

o nset of life, it is i n s u ff icient to count erb a lance the 

h e at lost (Bruck, 1 961). Bruck (1961) in his r ese arch in 

t he a r e a of thermoregulation in t he newborn d e termined that 

heat loss per surface un it is 4 0% greater f or n ewbor n 
in f ants than for adults . . ~e may expect a heat 
loss in full - term infant s about fo ur t imes a s great 
pe r body we i g ht unit as i n adu lts, a nd in premature 
infants (~500 gm) at least 4 . 9 times as great as in 
ad ul t s . ( pp . 103-104) 

This p he nome non is primarily due to the fact t ha t at b irt h 

h ~ full - term in f an t ' s body wei g ht is only 5% of adult body 

we i ght, b u t his s u rfac e are a is 15% of the adult's . "Thi s 

d iscre pancy et \ een \ e i ght and body surface area is even 

g rea er fo r low b i r t h-wei ght 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 

flexe d, 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 (Oliver, 

1977). 

In r ecent years, radiant warmers were developed to 

p r ovide a sou rce 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 p ro e d to be e ffective in ma intaining the full-term 

infan t 's body heat . The full --term infant has little 

prob lem maintainin g body temperature , while a premature 

infan t often has lost body heat before arrival in the 

nurse r y (Da hm & James, 1972; Du & Ol i ver , 1969; Rosen, 

Dupu i s , & Vic hman, 1 978). 

In t he resear c he r's e xperi e nce, a large number of 

n e wl born prematur e infa nts have b e en identified as being 

h ypothermic o n adm i ss i o n t o 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 p resent 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 Framework 

Neuman's (1974) health-care systems model, "total 

pe r so n app r oach t o patient problems" (p. 99), has designed 

a mode l fo r nurses to use as a guide for care and services 

aime d a t ass is t in g an individual or group in attaining and 

mai n tai n i ng a max i mum leve l of wellness. The nurse's 

function is directed toward reducing the stress factors 

and any adverse cond i t ions that may interfere with optimal 

functioning i n a g i ven cl ient s ituation. Neuman (1974) 

continued by emphasizi ng t ha t the curre nt tre nd in health 

care is toward p rimary p r eve n t ion. She defined primary 
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p revention as relating to "general knowledge that is 

a pplied 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 

r e presenting t he basic survival factors such as normal 

temperature r ange, on e 's genetic structure, individual 

r esponse pat tern , the stre ng th and weakness of various 

body parts, a nd e go struc ture. The surrounding larger 

c ircles represe n t t he individual's lines of resistance, 

which are t he person's " internal set of resistance . 

fac tors whi ch attempt t o stabilize and return him to his 

norma l line of defense s hould a stressor break through it" 

(p . 101) . The out e rmost circl e, a broken line, is the 

flexible l i ne of de f e nse wh ich s igni f i e s one 's ab i lity to 

wa rd off st r essors . 

This flex ib l e line of defe nse serves a s a buffer f or 

the normal l in e of defe nse wh ich is a person's steady state 

d veloped o e r t i me . The f l exible li ne o f defense can be 

weake ned by p e riods of under-nutrition a nd lac k of s l eep 

a nd st reng thened by prope r e xercise a n d g ood nutrition. 

Any stressor has t he pot e ntial of incapacitating o r 

r e duci ng he integ rity of t he lines o f resist ance , the reby 

l e sseni ng one's ability to cope wi t h 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) 

Thi nk ing in terms of Neuman's (1974) model, this would mean 

t hat if an indi v idual is ·e xposed to numerous stressors, or 

agen ts in Se l ye's terms, at any one time, there is 

increase d possibilit y tha t the lines of resistance and the 

lines of defense would be broken, thereby causing a threat 

to the i nne r mo s t basic st r ucture. 

In Ne uman's (1974 ) mode l, intervention can occur any 

time a stressor is s uspect ed or identified. Prevention 

ca n be ei ther primary, sec o nda r y , or t ertiary. ' 'Primary 

preventio n relates to genera l knowl e dge that is applied to 

individual patient assess~en t in an at t empt to i d e nti f y and 

a llay the possible risk fac t ors associated with s tre ssors" 

( euma n, 1974, p . 101). Preven tion is secon dar y whe n 

inter e ntion begins after symptoms have b een i de n t i f i e d. 

Tertiary prevent ion is the r e habilitation pro cess beginning 

afte r active treatment has b egu n and some degree of 

s ability has been reached . 

I 
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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, 

phys i cal 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 ( ge nerall y known to be inadequate in 

premat ure infant s), posture, normal level of vasoconstric

tion, and normal rate of metabolism. The infant's 

flexible line of defense wou ld refer to the general 

condition at birt h, a nd would vary d e pending on such 

fact ors as oxygenation, vigor , nourishment, and metabolic 

state . Vhen the stressor co ld penetrates the normal line 

of defense in a premature infant, the infant reacts by 

acti ating the lines of resistanc e, which means increasing 

the metabol ic rate, increasing vasoconstr iction, a nd 

mobilizing rown fat . 

The nursing care g iven to newborns as well as all 

other patients should be aimed at primary prevention. 

euman (19 7 ), 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 bo d y temperature within a thermoneutral range. 

2. Since an infant's head is a large portion of his 

total bod surface area, he loses a significant amount of 

hea t 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 

nurse r y in the admission axillary temperatures of premature 

inf ants 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 t he time the axill a ry temperature is obtained in 

the delivery r oom until the axillar y temperature is 

obtained i n t he nursery in p remature infants who receive a 

stock inet cap afte r de live ry an d premature infants who do 

not receive a cap aft er d e li very. 

Definit ion of Te r ms 

For the purposes of t hi s st u dy t h e ter ms u s ed herein 

' ·ere defined as follows : 

1 . Arrival in the nu rsery--a l apse o f no more than 

lC minutes after the infant arrive d in the nursery fr om 

t he delivery room . 

2 . Cap-- a sterile headpiece made of stocki net ( a 

mate rial used to protect the skin under ort hoped i c casts ) 

Rhic h cove rs the forehead, the ears, underneat h the 

occ i pital 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 

b e tween the axillary temperature obtained in the delivery 

ro om and the axillary temperature obtained in the nursery. 

Limitations 

The v a r iations present in the study over which the 

researche r had no control were: 

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

2. The a mount of time between birth and arrival in 

the n urse r y . 

3. The use of drug s which may cross the placental 

barrier t ha t we r e g ive n to the mother prior to delivery. 

4 . The temperat u re a n d humidity in the delivery room, 

halls, elevator, incubator , a nd nur sery. 

5 . The amount of time t hat an y body part was e xposed 

to air prior to complete de livery. 

6 . The time the initial axill a ry tempe r a ture was 

take n in the delivery room . 

7 . The temperature of t h e radiant warme r s . 

8 . The infants who had blood drawn fo r c ul t ur e . 

9 . fhether or not the premature i n fan ts were hand 

carri ed or transpo r ted in incubators to t he nu rsery. 
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10. The infants who received oxygen by face mask 

afte r 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 i mpor tance of this problem to nurses caring for 

premature infants. Neuman's model was outlined as a 

co ncept ual 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 OF LITERATURE 

This chapter includes studies related to thermo

regulation. The chapter begins with a brief synopsis of 

p rog ress made in thermoregulatory knowledge and techniques 

u s ed 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 

premat ure infant . Various methods and techniques of 

mainta ining body temperature in newborns are discussed 

f ollowed by some st udies that correlate skin temperatures 

~ith increased metabolic rate . Studies are then presented 

o n the various t ype s of thermometers available . 

Historical Perspective 

There has been much interest in the whole area of 

t h e r moregulation in the n ewborn, part icularly in the last 

8 0 y ears . Questions regarding what is the ideal temper

ature for a ne \ born infant, what effects do different 

tempe rature s h a e on newborn infants, what are normal 

rang es of t e mperatures, how to keep in fants in a thermal 

ne u t ral e nv iro nment, and ma n y 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, L~ Nou~isson (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 32°C. If 

t h e temperat ure was kept above 33.5°C the mortality rate 

was s ubs tantially 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). 

Olive r (1977) co ntinue d to outline the progress made 

in improving t hermal conditions for newborn infants by 

showi n g changes in care brought about by results of 

resea rch done in this area . In the early part of this 

century, low birth- weight infants were heavily swaddled 

and plac d in open heated cribs as desi gned by Hess, a neo

natologist . Cooney , in t he 1930 Chicago Exposition, 

e xhibited low birth- weight infants in these open 

incuba ors . 

Later, e nclose d, convection-heated in c ubators were 

designed wit h the babies lying unclothed in them at 
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arb itrarily selected temperatures ranging between 28.9°C 

0 a nd 31.6 C. In the early 1950s, some research was done 

without control groups that reported demonstrating an 

advantage in keeping premature infants in lower ambient 

temperat ures that resulted in hypothermia. In 1958, 

Silverman, Fertig , and Berger clearly demonstrated that 

inf a nts kept in a hi gher ambient temperature of 31.6°C had 

a n improved s urvival rate . Two studies (Day, Cali guiri, 

l~ame n s ki , & Ehrlich, 1964; Buetow & Klein, 1964) we re done 

whi c h showed that if infants we i g hing less than 1,750 gm 

we r e placed in a convection-heated incubator at 31.6°C plus 

a n infrared heat i nput that would keep the skin at 36°C, 

the mortality of these infants would be significantly less 

than in f ants placed in incubators at 31.6°C wit hout the 

infrar e d heat input . 

I t i s c lear that optimal thermal conditions are 
impo r tant to survival and that an understanding 
o f tempe ra t ure reg ulation and its cl inica l cor
relat i o n s is essential in the management of the 
ne~born . ( Be hrman , 1977, p. 224) 

In f an ts are at Risk to Lose Heat 

Pro iding a t hermal ne utral environment is one of the 

majo r concerns i n prov i di ng care to a newborn . This is 

primaril~ the respo ns ibi l i ty of t he ne onatal nurse. 

Korones ( 19 7 2) has s t ate d t ha t , 
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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 

g rowing number of babies being exposed to cold stress in 

spite of the fact that hypothermia had been associated with 

me tabolic abnormalities and increased neonatal mortality. 

They hypot hesized that the problem could be due to a lack 

of understanding of the basic principles of thermoregula-

tio n along with a failure to apply these principles 

max i mally in n e onatal care. 

Bruck (1961) 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 g reater 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) 

a tt r ibuted the cau se of this heat loss in infants to their 

p hysica l makeup . He stated that infants have a hig h 

t he rmal conductance level whi ch is due to their lack of 

s ubcutaneous fat . This deficiency facilitates the loss of 

t he 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 
fa ll 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 large r 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 o that of the adult, whereas his body 

s urface area amounts to nearly 15%. This larger body 

s urface area provides gre ater opportunity for the infant 

to lose body heat to the environme nt. Oliver (1965) also 

noted that infants tended to become h ypot hermic bec a use of 

thei r g r eate r body surface area an d increased tissue 

conductivit which he attributed to their lack of s ubcuta-

neo us fat . Bruck (1961) estimated this hea t loss pe r 

surface unit to be 40% g reater in newborn infants than in 

adu lts . 
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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 

the ir body temperature becomes the same as the environ

menta l temperature, that they make no effort to regulate 

their own temperature (A damsons, 1966) . More recent 

fi ndings have determined that newborns are homiothermic, 

whic h means that they increase oxygen consumption to keep 

the ir deep body temperature relatively constant within 

limits when they are exposed to temperatures below their 

thermal neutral range (Heim, 1971). In comparison to the 

a dul t, newborn infants have a low rate of heat production 

i n relation to their surface area, but a high rate for 

t h ir body weight (Sinclair , 1971). Korones (1972) pointed 

o ut tha t the rmal stability is more precarious in newborns 

t han in older individuals due to the large amount of heat 

t h e y lose and not to their ability to produce heat . Bruck 

( 1961 ) found that , in compar ison with adults, the metabolic 

rise t hat occurs in infants in response to cooling is 

lar g e, eve n during the first day of life . If a newborn is 

p u in an en ironmental temperature of 230C, there is a 

1 0 0~ rise in t he metabol ic rate . An adult in 23°C may show 

n o ri s e in metaboli c r ate 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 

afte r birth, heat production was demonstrated at the age 

of 15 minutes . 

Alt houg h 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 excee d 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 majo r threats imposed on an infant's 

thermoregulatory ability is the thermal conditions present 

in the average delivery room. Sinclair (1975) noted that 

t he average delivery room temperature is 23°C which is 

midway in he thermal comfort zo ne for lightly-dressed 

adults. This emperature, however, is more than lQOC 

below the thermal n e utral environment for the infant. Due 

to the large radiant, convective and evaporative losses 

from t he warm wet sk in of the newborn, the infant's 

tempe rature initially falls 2-30C. This fall in tempe r ature 
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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 

fa ll of deep body and skin temperature of about .1°C per 

minute a nd .3°C respectively, or a heat loss of approxi

mate l y 200 calories per kilogram per minute. Maximal heat 

product ion in an adult male is 90 calories per kilogram 

per min u te . 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 VanBlarcom 

(1972) stated that the average infant's body temperature 

is lowered somewhere between 33.3°C an d 34.40C shortly 

after birth . Sinclair (1975) fo und 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 

p lacing the infant under a radiant warmer. These authors 

fo und that when an infant is dried a nd placed under a 

radiant warmer, he loses about 22.5 calories per kilogram 

pe r minute over the first 30 minutes of life . North 

(1961) found that the average amount of heat lost during 
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t he 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 

wit h 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, d r u g s, hypotension, hypercapnia, 

and hypogl cemia as interfering with thermal homeostasis. 

There are several groups of drug s that have been 

fo und to affect temperat ure regulation in the adult. These 

include the hypnotics, analges ics, antipyretics, anes

thetics, and hormon es . Burnar d and Cross (1958) showed 

that while me peridine did not affect the temperature of the 

mot her, th infant whose mother received meperidine showed 

a distinct drop in body temperat ure for the next 20 

hours compared to an infant whose mother did not receive 

a n meperidine during labor . Oliver (1977) s ta ted that 

Diazepam given to the mother during labor also affects the 

thermo r egulatory 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

ti ons heat production is suppressed by some mechanism that 

h as not been clearly identified. This suppression has been 

demo nstrated in newborn rabbits. As soon as the newborn 

rabbits breathe 10% oxygen, the temperature over their 

brown fat de posits drops sharply indicating a drop in heat 

production (Heim & Hull, 1966). Similarly, Heim and 

Kel l e rmayer, as cited in Heim (1971), performed a post

mo rtem study of four human babies with congenital heart 

disease . They fo und that the brown fat tissue was full 

of fat droplets in spite of the fact that the babies were 

mal nourishe d because of their disease and were cared for 

in ambient tempe r at ure s below their thermoneutral zone. 

Heim (1971) hypothesized that these infants were unable to 

utilize their brown fat du e to the hypoxic conditions 

imposed by the ir disease . A synthesis of these studies 

suggests hypoxia may suppress the ability of an infant to 

p roduce heat . 

Another process that cau ses an alteration in the 

n o rmal process of temperature regulation in the newborn is 

b lowing cool oxyge n across the face of the newborn. He im 

( 1971) stated t hat certai n areas of t he body play an 

important role in regulating heat production. The facial 

s kin and mucous membranes of the upper r esp iratory tract 
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have been determined to affect the thermoregulatory 

process. When cool oxygen is delivered to the face of an 

i nf a nt, a 23% increase in oxygen consumption occurs in 

f ull-term infants and 36% in premature infants. Any 

oxyge n that is given to an infant should be warmed if this 

increase in oxygen consumption is to be avoided (Mesty~n, 

Jara i, Bata, & Fekete, 1964; P1ibylova, 1968). 

Premature Infants at Highest 
Risk to Lose Heat 

A normal full -t erm infant is at risk to lose heat when 

compa r ed to an a dult , whereas a premature infant is at 

even greater risk due to his immaturity and physical 

c haracteristics . Providing a war m environment is even 

mo re important for the survival of the premature infant 

Than for the f ull-term infant. Ada~sons (1966) pointed out 

That a fall in body temperature of one to two degrees 

re sulti ng from exposure to room temperat ure is unlikely to 

c ause a full - term infant any seriou s problem and is 

g enerally vell tolerated . Vhereas, "sub-optimum condit ions 

a re more likely to affect the premature and the depressed 

i n f ant due to their lower thermal stability" (Adamsons, 

1 966, p . 616). 

Adamsons (1966) stated that tissues of low-metabolic 

act ivity can tolerate a wider range of temperature than can 

issu s of higher metabolic rate . Adamsons postulated 
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whether or not this would apply to any given tissue at 

a ny 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 

t hat in the infant at term" (Adamsons, 1966, p. 600). This 

view is reflective of a minority group of researchers that 

have hypothe sized that cooling of the infant actually 

decreases the ne e d for oxyge n. 

In discussing premature infants and dysmature infants, 

He im ( 1971) stated that thermal stability was diminished in 

thes e infants . In comparing the two groups, Heim found 

that the the rmal stability in small-for-date babies was 

much better than for the premature infants of the same body 

s ize . This findi n g was in spite of the small-for-date 

bab ies' unfavorable body mass-surface area ratio and their 

lack of subcutaneous fat . Prematures are at great er risk 

fo r heat loss t han small infants who are more mature. 

Si nclair (1975) pointed out that the smallest infants h ave 

the g r eates t difficulty maintaining body temperature in 

the delive y r oom . Sm i t h (1969) also concurred and added 

tba t often the problem of maintenance of body temperature 

may be compounded wit h the interaction of hypoglycemia, 
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metabo lic acidosis, and respiratory distress syndrome. 

These conditions are all aggravated by cold exposure of 

t h e premature infant. 

A major reason why premature infants are so 

susceptible to heat loss is their relatively large body 

s urface area by which they can exchange heat. Korones 

( 1972) stated that thermal stability is more precarious 

i n infants we i g hing less than 2,000 gm. This is due largely 

~o the ratio between body surface area and body weight. 

The larger the surface in relation to body mass, 
the greater t h e opportunity to dissipate heat to 
the en ironment . . The discrepancy between 
weight and body surface is even greater for low 
birth - weight infants. A larger surface area provides 
more exte n s ive exposure to the environment, thus 
promoti ng more heat loss. This is the principle 
source of t he neonate ' s difficulty with maintaining 
thermal stability. (p . 60) 

Adamsons and Towel l (1965) also agreed that thermoregula-

tion in the premat u re infant is severely handicapped by 

the high surface a r ea to body weight ratio. Bruck (1961) 

stated that the heat loss in premature infants (1,500 gm) 

~as greater than full -t e rm infants. Bruck estimated that 

~his heat loss was at least 4 .9 times as great as in adults 

per bod surface unit, wh ereas f ull-t e rm infants lose heat 

a t four times the rate that adults lose heat per body 

s urface 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 

s urface area intensifie s the heat loss problem in the 

prema ture infant. 

In addition to a high surface area, the premature 

i s at risk to lose heat because of low tissue insulation. 

Premature infants characteristically have little body fat 

to serve as insulation from the environmental temperatures. 

Sin c l a ir (1975) stated that it is the low thermal insula

t i o n o f t he newborn infant that limits the thermoregulatory 

ran g e in which an infant can maintain his temperature. 

Oli e r (197 7 ) also credited the premature infant's 

decrease d amount of body fat as being responsible for the 

limited abil it y to maintain body temperature observed in 

prematur e i n fa n t s. 

Closely related t o t he decreased amount of subcuta

neous fat that s e rves as i n s ulation for the infant is the 

p r emature i n fant ' s small body size. Adamsons (1966) found 

t hat the rmal stab il i ty is a function of body size, surface 

a r e a , therma l insul a tion , and the de gree by which heat 

p r o du c tion can be increa se d to mee t the demands of the 

e nviro nme nt . ' I t is evide n t that f or a g iven body s hape, 

t he rmal s tability i n c r eases wit h incre asing body size' , 

(p . 600) . A study by Har dman, Hey, a nd Hull (1969) showed 

that week-old rabbits achieve t he rmal s tability over a 

muc h wi de r ran g e of ambien t temper at ures than the y were 
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capable of on the day of birth. The researchers determined 

t h a t this was due to the rabbits' larger size and increased 

insulation since a week-old rabbit has already doubled his 

b irth wei g ht. 

Sinclair (1970) stated that the handicap of small 

bo d y si ze is its limited thermal insulation. He described 

t he rmal in s ulation as consisting of two parts: (a) surface-

u i r i ns ul a tion and (b) tissue insulation. He found that 

small - for - date in f ants share with premature infants the 

t he rmoregul at o ry conseque nces imposed by small body size. 

"The smalle r t he b o dy , the more easily does it exchange 

hea t with the e nvironme nt for a given gradient of tempera

t ure be twee n s kin and e nvironment (low surface-air insula-

-cio n) " (p . 1 51). Sin c lair (1970) added that what was most 

important was the amo un t of tissue through which heat must 

be tran sferr e d . The r e is low tissue insulation in both 

premat ur e a nd small - for- date i n f ants. 

Sin c lair ( 1 970) stated that the the rmal handicap 

imposed b y a small body size is not modifi e d by the 

infant' s gestatio nal a ge b u t is a fun ct ion of the small 

body si z e with its inhe r e n t def ic ien c i e s. Bru c k (1961) 

concurred wit h Sin c lair t h at t he t h e r ma l con seque nces 

imposed b a small body size are no t modified by ges t a t ion al 

age . Sinclai r (1 970), on the ot he r h an d , i ndicate d that 

while t he small - f or - dat e infant s hows t he effects o f sma ll 
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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). Bruck (1961) 

fou nd 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 functi on " (p. 73). 

Another factor that increases the premature infant's 

rate of heat loss is posture. One of the characteristics 

of the prematur e is a n extended posture when lying supine. 

The full - term infant, on the other hand, lies in a tightly 

flexed pos ition. The more premature the infant is, the 

mo re extended are the extremities. Olive r (1977) said 

t hat heat loss is aggravated by the premature's posture 

\rhich is due to neurologic immaturity and lack of flexor 

to ne . Sinclair (1970) discussed how the infant's posture 

can increase or decrease the total surface area available 

fo r heat exchange . 

Babies have a relatively large s urface area in 
relation to body mass . This s urface -to-mass 
handicap is exaggerated in t he infant of low 
birth weight . However, the surface available for 
heat loss by ra iation and convection is not the 
total surface, but rather a portion of t he total 
surface that aries with posture . Postures 
characteristic of various gestational ages have been 
described by Amiel - Tison . These postu res tend toward 
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increasing flexion of the ext~emities 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 

ma kes no attempt to regulate his body temperature when 

exposed to cold or hot temperatures. This concept was 

he ld longer for the premature than for the full-term 

in fant. Adams et al. (1964) and Bruck (1961) established 

t h a t when a newborn experiences heat loss, he compensates 

by i n c r e asing his heat production. This reaction has also 

b e e n observed in premature infants, "further disproving 

t he hypot he sis that homiothermy is a property acquired with 

increas ing ma t urity after birth" (Adamsons, 1966, p. 608). 

Silve r man and Agat e (1964) supported the hypothesis that 

p r emat ure i nf a n t s are homeothermic. These researchers 

fo und t h at bab i e s unde r 1 , 500 gm who were exposed to mild 

co ld st r ess d id incre ase their heat production but were 

be tt e r able to i ncre ase t he ir heat production if they were 

ges tation ally mo r e mat ur e . Silve rman, Sinclair, and Agate 

( 1966) ha d s imi l a r fi ndings among infants less than 1, E·OO gm. 

The the r ma l r egu l atory proce ss begins just as quickly 

in prem at ure infan t s as i t do e s in full-term infants, but 

h a t production i n premature infant s is unable to keep up 
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with the amount of heat lost. Only when there is first, 

a n increase in body size and an improvement in heat insula-

t ion and second, a greater depth of body and a thicker layer 

of fat does the thermal control range gradually expand. 

Whe n premature infants are exposed to an environmental 

temperat ure 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 (Bruck, 1961). 

Adamsons a nd 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 the ir heat production 

when exposed to a coo l e nvironment. Stern, Lees, and 

Leduc (1965) demonstrated tha t some premature infants 

can not initiate metabolic thermogenic processes as ade-

q uately as f ull-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. 

1ashington (1978 ) indicate d t hat the premature infant 

has a diminished r sponse to cooling . 

Being premature, he has a decreased amount of s ub
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 oxyge n 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. However, some 

researchers po int out that this increase many times is 

inadequate to counteract the large heat losses and is not 

as eff icient as in full-term infants. Some prematures seem 

unable to increase t heir metabolism at all to any appreci-

able extent if t hey are very immature. 

Co nsequences of Heat Loss 
In the Pre mature In fant 

In considering the t he rmal conditions that are present 

at birth, at least i n a t ypical hospital setting, "it 

remai ns to be el u c i date d whet her the transient fall in 

peripheral and deep body temperat ure occurring immediately 

afte r birth fa\ors or h i nders adaptation to extrauterine 

life (Adamsons & Towell, 1965, p. 538). Many researchers 

ha\e suggested that t he initial co ld stimulus is influential 

in the onset of breathing . Adamsons and Towell (1965) 

post ulated that cold may serve to increase the function of 

he reticular system . Likewise, col d induced vasoconstric-

ion rais s the systemic vascular resistance which will 

reduce the ri g ht to left shunt that is prese nt in feta l 

ci rculation t hro ugh the ductus arter ios us. 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). In a study by Harned 

a nd 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 

docume nted to result in better survival rates for premature 

infants, begi nning with Budin in the early 1900s and 

reconf irmed in the 1960s. Gandy et al. (1964) found 

tha t placing an infant under a radiant warmer to keep him 

~arm results in a faster recovery from metabolic acidosis. 

Dahm and James (1972) stressed minimal cold stress by 

s tating t hat prolonged cold stress may lead to hypoglycemia. 

Perlstein, Edwards, and Sutherland (1970) observed 

Lhat 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 \ ithin a t hermo neutral ran g e avoids the risk of apneic 

attacks by having to warm a c ool infant. While there is 

some controvers over whet h er a cool or warm environment is 

of g reates benefit to the newborn, most researchers have 

o und that a ~arm enviro nme nt provides g reater ben e fits 

o the premature infant . 
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The ideal environment for a premature infant is the 

therma l neutral environment. This term refers to the 

environmental temperature in which oxygen consumption is 

minima l 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 32-34oc with 

the air a nd inner-wall temperature of the incubator being 

e qual and the relative humidity at 50%. Bruck (1961) 

p u t the neutral ambient temperature at 32-33°C for full-

te r m and premature infants. Bruck (1961) stated that when 

The r e is the slight es t drop in the ambient temperature 

below an infant's thermal neutral range the infant begins 

to l os e his body temperature. This thermal neutral range 

expands with increasing body size. 

Th e re is not total agreement over what is the ideal 

ski n temp e rature which reflects that the infant is in a 

The r mal n eutral e nvironment. Heim (1971) suggested that 

an abdom inal skin temperat ure of 36-37°C is the t emperature 

i n whi c h oxyg en co nsumption is min imal. Bruck (1961) 

indicated t hat the normal range of core temperature is 

3G . 5°C to 37 . 5oc . Silverman, Si nc lai r, and Agate (1966) 

obse r ve d t ha t oxyge n consumption was mi nimal when the 

abdomi na l s kin t emp e rature was 36°C . Hey a nd Katz (1970) 

put the t mp e r a ture at 36 . 5°C . Silverman, Sinc lair, and 

Scopes ( 1 966) s aid t hat ox yge n consumption is mi n imal at 
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36-37°C skin temperature taken over the region of the liver. 

Zi egal and Va n Blarcom (1972) stated that a skin tempera

t ure of 98°F (36.7°C) is necessary to prevent a metabolic 

a nd oxygen nee d increase. Br uck (1961) correlated a drop 

in skin t emp e rature with an increase in metabolism. Bruck 

f oun d t hat "in n ewborn infants, a lowering of t he average 

s k i n temperat ure to a bout 35-360C (corresponding to an 

ambien t temper a t u re of 28° C) is sufficient to produce and 

ma in t ai n a metabo li c r ise" ( pp. 77-78). 

On e of t he ma in effect s of heat loss in a premature 

infant is an incr ease i n me t abolic rate in order to produce 

heat to ma i n ta in body tempe r a ture wi t hin a thermoneutral 

range . Hill ( 1 959 ) stated t ha t heat production in the 

premature in fan t is a c hemical reac t ion leading to an 

increase in me t abolic rate requiri ng t ha t inc r e ased 

ox g e n be avail a b l e . Br u ck (1961 ) stat ed t hat when a n 

infan t i s placed in an ambi e nt temperat u re of 23°C , t he 

a verage t empe r at ur e of t he delivery room, t he i n fant' s 

metaboli c r a t e incre as e s 100%. If a n a du lt i s p l a ced i n 

this same e nvi r o nm e nt , he s hows e ithe r no metaboli c r i se 

o r , at the most, a n i ncrease of 25%. Heat produ ction i n 

the infant a t 23° C is app rox i mately the same as t he maximum 

amount of he a t produc t ion found in adults . Bruck ( 1961 ) 

fo und t hat even whe n t he i n fant s we r e placed i n a n ambien t 

tempe rature of 17 . 5°C t hei r he at p r oduction did not 
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increase . Apparently maximum heat production occurs at 

23°C in infants. This fact g ives 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 2-2~ times his resting rate which is 

''energetical ly 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 

c onsequence of increased metabolic rate. Taylor (1971) 

stated that if a n 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 

o a drop in skin te~perature . Stephenson, Du, and Oliver 

(1970) did a study on the effect of a cool e nvironment on 

arterial blood gas t e nsions in babies immediately after 

birt h . Their results showed that the arterial p 02 level 

~as significantly lower in the cool group at 20 an d 60 

minutes of age but not at 4 hours . The pC02 was similar 
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for both g roups. The authors concluded that both a cool 

e nv ironme nt and asphy x ia had similar effects on the infant. 

Lo s s of body temperature in the premature infant 

r e sults i n a slower recovery from the metabolic acidosis 

that deve lops during the birth process. Gandy et al. 

( 1964 ) de si g n e d a s t udy to determine the effects of mild 

col d exposu re on t he rate of recovery from varying degrees 

o f respiratory a nd me t abolic acidosis at birth. They had 

two g roups of in fa n t s: (a) a warm g roup whose body 

temperature was maint a in e d at 37°C following birth by 

use of a radiant warme r and (b) a cool g roup whose temper-

at ure was a llowed to fal l b y e xposure to room temperature 

Bot h g roups showe d a s i milar recove r y of pH to normal 
l eve ls fo llowing birth , b ut the " cool " g roup was only 
a b l e t o do s o b y i ncreas in g elimination of co2 to 
c ompe nsate for a developi ng me t abolic acidosis. 
In fa nt s dep r e sse d by birth asphyxi a we r e un able 
to mai nta in pH duri ng exposure t o room tempe rature 
a nd develope d a progressive metabo lic a cidos i s . 
Thus , r eco ve r y from birt h asphyxia c an be s e riously 
delayed b y exp os u re to col d. ( p p. 540- 541) 

The metabolic acidosis tha t may occur with col d s tress 

has been assoc i ate d with several acids. Schul t z et a l. 

(1979) demonst r ated t hat hypo t hermia is associ a ted with a 

high mean bloo d lactate l eve l which f alls wit h i ncrea s i ng 

rectal emperatures resu lt in g i n acidosis . Th ey stated 

that their findi ngs we r e i n a g r eeme nt wit h Gand y et a l. 
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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, pyruvic and other organic 
acids, thereby aggravating the existing acidosis. 
This ~ould be particularly true if metabolic needs 
were to exceed the oxygen available to the tissues. 
(p. 751) 

Add itionally, they postulated that a cool environment 

mig ht aid in the a c id-base homeostasis if the formation 

of t hese acid metabolites were decreased at a lower body 

temperature (Gandy et al., 1964). 

Cold stress can aggravate or even cause an infant to 

become h ypog lycemic. 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 tru e because g lucose consumption is 
necessarily increased whenever there is an increase 
in metabolism . It has also be clinically demon
st r ated [by Stern, 1970] that when serum nonesteri
fied fatty ac id ( NEFA) levels rise, as is the case 
when chemical thermogenesis is initiated, serum 
gl ucose levels fall . If the infant does become 
hypoglycemic , this complication may further contribute 
to acidosis as we ll as result in neurological 
damage if the hypoglycemi a is not quickly corrected. 
(\illiams & Lancaster, 1976 , p. 358) 
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Heim (1971) mentioned that hypoglycemia is more fr equent 

in p remature and dysmature infants than in full-term 

infants . He hypothesized that perhaps the lower glucose 

level was responsible for the impaired thermal stability 

of t his g roup. A group of premature infants and a group 

of dysmat ure infants were both subjected to a cold environ-

me nt . In order to determine if a higher blood glucose 

level would r esult in am improved ability to produce 

heat, . 5 - .75 gjKg of g lucose was infused over ten 

min utes . This resulted in a rise in the infant's blood 

sugar level . However, there was no effect on heat 

productio n in either g roup. While col d stress can cause an 

infan t to become hypoglycemic, hypog lycemia is not 

responsible for the the rmal i nstability of the premature 

infan t . 

Heat loss in premature infants has been found to 

interfere wit h their growth and weight g ain. Williams and 

Lancaster (1976) stated that the increase in metabolism 

assoc iated with cold stress leads to an increase in 

caloric consumption which would otherwise be used for 

c llular growt h and ~eigh t gai n. Glass et al. (1968) 

studied the rates of growt h in low birth-weight babies that 

were exposed to different thermal e n v ironments between 

one and three weeks after birth . Each group rece ived 

identical feedi ngs of 120 calories per kilogram p e r day. 
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The babies in the thermoneutral environment grew faster in 

both we i ght 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-

mat ure infants can be poor due to the partial diversion of 

t he e nergy of metabolism to the production of body heat in 

p referenc e to the laying down of new tissues. The fact that 

a n inf a n t is cared fo r in an unfavorable environment can 

interfer e with his normal g rowth pattern. 

One of the protect ive mechanisms a premature infant has 

aga inst heat loss is vasoconstriction . Oliver (1977) 

stated that peripheral vasoconstriction in response to cold 

is ell develope d at birth eve n in the premature infant. 

Th is vasoconstr iction is a ggravated by the metabolic acid-

osis occurring at birth and is prolonged by cold stress. 

This asoconstr iction can even extend to the pulmonary blood 

vesse ls . 

asoc nstriction of puloonary vessels, wben severe, 
may lead t o the development of three major problems: 
hypoxia , i ntracard iac s hunting throug h the foramen 
ovale and aggravat ion of Resp iratory Distress Syndrome 
TJpe I, if present . ( illiams & Lancaster, 1976, 
pp . 357 - 358) 

Stephenson et al . (1970) noted t hat cold stress can delay 

the establishment of the circulation to the postnatal 

patte rn . The right-to-lef t shunting that is present in 
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fet al circulation persists for a longer period due to 

vasoconstriction of the pulmonary vessels. Washington 

( 1 978), in discus sing the phenomenon of vasoconstriction 

i n r e sponse to c old, e numerated some of its effects along 

with o the r c onse que nces of cold stress. 

Some c omplicat ions of h ypothermia are a noted 
increase in me t a bolic rate, which results in an 
i nc re a sed r e spiratory rate per minute metabolic 
acidosi s ; pe r s i s t e nt vasoconstriction; decreased 
t i ssue perfu s ion ; and decreased pulmonary perfusion. 
There is also a n increased norepinephrine and 
p u lmo nary r es i stance as well as hypoglycemia. 
(\ashington, 1978, p. 26) 

Philip (1977 , p . 34 ) d iag r amme d the process: 

Pulmonary 
Vasoconstriction 

Perpheral 
~ Vasoconstrict i on 

Cool ing I 
1etabolic Acidosis 

Decreased Oxygen 
Uptake by Lung 

l 
Decre ased Delivery 
of Oxygen to Tissues 

l 
Incre ased Anaerobic 
Me t abolism 

One of the major complications o f cold s t ress is its 

effect on the survival rate among i n f an t s, particularly 

premature infants . 'The association o f h ypo t he rmia wi th a 

dimi nishe d rate of survival in premat ur e i n fa nts was 

suggested as early as 1900 " (Koro nes , 1972, p . 58). 

Washington (1978) stated that ''as neo na tal nu rses , we must 

b a are of the primary importance of t hermal regulation 
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of the neonate in sustaining his life 11 (p. 23). Besch 

et al. ( 1971) called a warm environment a 11 protecti ve 

influence. 11 Besch et al. (1971) speculated that since 

infants respond to a heat-losing environment by borneo-

thermically increasing their metabolic rate, perhaps this 

adde d caloric expenditure contributes to infant mortality 

by depleting the infants 1 energy reserve necessary for 

preserving homeostatic f unctions. Sinclair (1970) under-

lined the l et hal effect col d has on infants by saying that 

stud ies 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 

n e utral range. Sinclair (1970) stated, 

It is attractive to speculate that the energy 
cost of defending deep body temperature against 
col d contributes to the lethal e f fe ct (particularly 
in t he 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 

co ld st r ess, is the problem of mai nt enan ce of body temper-

at ure in infants being transferred b e tween hospitals . 

Se e ral referral centers have reported a r elationship 

b t wee n s urvival of low birth-weight in f ant s and their 

t mp e ratur e on arrival at the c e nter (Chance, 0 1 Brien, & 
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Swye r, 1973). Therefore, a warm environment seems to be 

associated with an improved survival rate, especially 

amo ng premature infants. 

Three other factors have been associated with hypo-

thermia . The s e are drug metabolism, kernicterus, and 

blood clotting problems. Sinclair (1975) stated that 

little research has been done on drug metabolism in new-

barns, but there have been numerous studies in animal 

research. A study by Morishima, Mueller-Heubach, and 

Shnider (1971) found t hat the half-life of lidocaine in 

newbor n 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 

slowe r to metabolize any kind of drug that might be in 

his system as a result of the mother receiving some medica-

tion durina her labor . 

\ illiams and Lancaster (1976) discussed the relation-

ship of hypothermia wit h kernicterus a nd 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 wit h t hermogeni c 
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 a ffinity for albumin, and as 
blood NEFA levels rise, particularly in the presence 
o f acidosi s , bilirubin-albumin binding may be 
repl a c e d b y NEFA-albumin binding . This will free 
indi re c t bilirubin in the blood circulation to 
t r ave l to t he brain p a renchyma c a using kernicterus. 
( Willi ams & Lancaster , 1976, p. 358) 

Last l y, Willi ams and La nca st e r (1976) suggested that severe 

h ypot he r mia s eems to interf e re with certain clotting 

factors . They menti o ne d t h a t othe r a uthors have noted an 

increase i n p u lmon ary a nd cereb r al h emo r rhag e in cold-

stressed infants, however , t h is ki nd of bleeding is also 

associated wi t h asphyxia . 

In considering t h e effects of a cold envi ronment on 

newborns , one of the mo r e c r uc ial a r eas i s the effect of 

cold on a sick or depressed newbor n. Han y premature 

infants fall into these categories as ma ny prematures have 

s ome kind of respiratory problems at birth due to their 

immat ure l ungs . Washington (197 8 ) stated t ha t cold 

stress in an infant with a specia l medical prob lem c a n 

lead to a potentially fatal situation. Korone s (1972) 

s aid that since cold stress r esults i n a n increas e in the 

e tabolic rate, the infant's oxyge n consumption i ncrease s 

as \ell as his oxyge n requirement . 

Thus a severely depressed infant can ill afford t he 
oxygen cost imposed b y cold stress at a time whe n 
he urgently needs the oxygen to maintai n normal 
f un ction of brain cells a nd cardiac muscle . (p. 5 9 ) 
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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 

t h e therma l e nvironment 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 

resear chers stated that healthy infants achieved a close-

to - normal pH in the first 2 hours after birth, but 

de pressed infants did not b e cause they were unable to 

h ype rventilate in response to cold and metabolic acidosis. 

This response occu rred eve n if the infants were only 

depressed for a short period of time . 

Ziegal and Van Blarcom (1 9 72) stated that chilling of 

a n infant interferes ~it h the production of surfactant. 

For this r e ason, babies \ith hyaline membrane disease have 

a dec rease in h e at production and may be hypothermic even 

i n r e 1 at i v e 1 y v arm en vi ro nm en t s . \ ' i 11 i am s a nd La n cast e r 

( 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 

Hypoxia 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 andjor severity of Respiratory Distress 
Syndrome. (Williams u Lancaster, 1976, p. 358) 

Thus vasoconstrict ion which is induced by a cool envi.ron-

me nt can hinder the production of surfactant in premature 

infant s. 

One last are a to be considered when thinh:ing of 

t hermal e nvironment in depressed infants is the problem 

of col d stress during resuscitative procedures. Mainte-

nance of body temperature is crucial in these infants. 

\\ashington (1978) stated t hat after five minutes of 

exposure of the infant during resuscitation, the infant 

may become so cold t hat his chances for revival diminish 

co nsiderably . Iaintaining an infant within his the rmo-

neutral range is therefore particularly important to the 

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

hypothermia may cause, preventin g it rather than remedying 

it should be t he goal" ( v, i 11 iams & Lancaster, 1976, p. 358). 

Means of Aaintai nin g Bo dy Temp e rature 

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

ature can be mai ntained . Either t he infan t must re gulate 
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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 

increas in g the rate of heat production (Sinclair, 1970). 

An infant is not totally helpless to defend his body 

emperature, neither is a premature infant. Adamsons and 

Towe ll (1965) stated that homeothermic responses are 

present in bot h t he premature and the full-term infant. 

\ a sodilation and vasoco nstriction have been demonstrated 

to be present in premature infants along with an increased 

metabolic rate in response to low environmental tempera-

ore s (Adams et al . , 1964 ; Bruck, 1961). On the other hand, 

h i s re s ponse is absent or decrease d in infants less than 

30- 32 weeks (Bruck, 1961; Silverman & Agate, 1964). 

Be rhman (1977) stated t hat the premat u re 's vasoconstriction 

in r e sponse to a cool environment is quite adequate. 

An infant s body temperatur e is dependent on two 

rr rad i e n t s, e x te rnal an d internal. Sinclair (1970 ) stated 

ha t the effect of vasoconstricti on is to increase the 

inte rnal (core - skin) temperature g radi e nt and to increase 

issue in s ulation to its maximum capacity . Wil liams and 
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Lancaster (1976) citing a study done by Burton related 

that: 

a decrease in body temperature is related to both 
the "int e rnal g radient" (r e ctal/skin exchange) and 
"external gradient" ( skin/air exchange). The 
neonate can exert some physiologic control over 
the i nt ernal g radient by vasoconstriction of 
blood vesse ls. But Hardy demonstrated that loss 
of heat by the external g radient is controlled 
solely by t he e n vironr.1ent. (p. 356) 

Oh and Lind (1967) found that early clamping of the 

umbilical cord evokes a greate r regional vasoconstriction 

in the inf a nt whi c h in turn improves the internal gradient. 

Skin vasoconstr i ction is the most powerful defense 
mechan ism against heat loss, after early clamping of 
the umbilical cord, increased heat production remains 
the only mec hanism to counter any further heat loss. 
(Heim, 1971, p. 793) 

vasoconstriction is one mec hanism a premature infant has 

to safeg uard body temperature . 

Heat production is t he second factor that the infant 

us e s to keep body temperature from falling when e xposed to 

e nvironmental tempe ratures be low t he t hermal neutral zone. 

damsons and Towell (1965) credited the newborn with the 

a bility to increase metabolism in response to cold. This 

me tabolic function is the mechanism by which balance is 

ma intained between heat loss and heat production. 

The process by which an infant produces heat is known 

as che mical thermoregulation . Chemical thermoregul ation 

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 

c h e mical thermogenesis for the newborn (Bruck, 1961). 

Sinclair (1970) credited the newborn with the ability to 

p roduce heat to maintain deep body termperature which can 

in c lude muscular thermogenesis if the cold stress is 

su fficiently severe. 

Brown fat or brown adipose tissue has been held to be 

r esponsible for heat production in newborns. This tissue 

i s c haracterized by a ric h blood and nerve supply, a high 

mi tochondrial content, and a hi gh metabolic rate in vitro. 

Th i s tissue is found mainly in the intra-scapular region, 

a .·ill ae, p e rirenal areas, and around the large vessels in 

the t ho rax . There is some disagreement over whether this 

tissu e is r e lated to heat production. Dawkins and Hull 

(1964) found that a newborn piglet responds to exposure to 

cold by in c r e asing the metabolic rate. This response is in 

spite of t h e fact that the newborn piglet has no adipose 

tissu e e ither brown or white . 

1os t inve stig ators do support the role of brown fat 

as be ing r esponsible for heat production . Hardman and 

Hul l (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 

f at 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 

o f brown fat when compared to a mature infant. "It seems 

p r obable, therefore, that its capacity to produce heat is 

a lso leSS 11 (p. 232). 

Some studies have been done that suggest that some 

part of brown fat metabolism is under the control of the 

sympat h e tic ne rvous system an d t hat norepinephrine is the 

med i a t o r in the process . Lees, Younger, and Babson (1966) 

notice d a n increase in excretion of norepinephrine in 

infants who made successful homeothermic responses to 

e n ironme n t al cold stress . 

!aj or att e ntion has been directed recently to 
t h e r o l e of cold and catacholamines in stimulating 
metabo l ism in brown adipose tissue, whe re 
catecho lami ne -induced enhancement of triglyceride 
break own appears responsible for thermogenesis. 
( Sinclai r, 1970, p . 153) 

I f asoco n s triction and heat production are not 

suff icient to pro t e ct an infant 1 S body temperature, the 

nurse must emplo o the r me ans to prevent further heat loss. 

One s u ch means is the use of an external source of heat. 

Incubators of man y types are available today such as 

convect ion- heate d incubators and radiant warmers . Results 
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of a st ud~ by !il ler a nd Olive r (1966) demonstrated that 

infants placed in a convection-heated incubator recovered 

t he ir bod~ temperature in a significantly shorter time 

Lha n infants just wrappe d in blankets after delivery. 

LikeRise, Oliver (1965) fou nd that infants placed in an 

i nc ub a tor with the air temperature between 32-35°C, after 

being dri d, lost less body temperat ure. Even though the 

infants \ e re placed in incubators, they still lost some 

body heat due t o e aporative heat loss from wet hair and 

1adiant heat loss to the cooler incubator walls. 

Ios t moder n delivery rooms are equipped with a radiant 

~arner whi c h prov·des a source of external heat but still 

allows eas access and visibility of the infant. Du and 

Olive r (1969) stated : 

A radiant heate r provides a suitably warm micro
e n ironme nt fo r a bab y in an air-conditioned 
deli e r y r oom. ~ith this h e ater, temperature 
loss is minimized (if the baby is dried soon 
af t e r irth ), and at the same time, the infant 
remains e xposed for close observation. (p. 1502) 

A st u dy was done by Rosen et al. (1978) to examine the 

t h rrnoneutral condit ions in the delivery room. All 

infants bo rn agi nally vere dried and placed unde r a 

radiant he at e r . All infants born by Cesarean section we re 

dried and placed in a heated Isolette . The researchers 

did a retrospecti e chart r e view on the first three rectal 

tempe r a tures take n on 135 newborns . The temperat ures of 
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the 108 infants born vaginally and the 27 infants 

delivered by Cesarean section were compared on admission 

a nd at four and eight hours after birth. The researchers 

fou nd t hat the temperatures of all Cesarean section babies 

a nd 101 of the infants born vaginally were in the thermo-

ne u tra l range . There was also no difference found between 

t he temperatures of infants born vaginally and infants 

delivered by Cesarean section. The researchers concluded 

t hat 

the present methods of thermoregulation in the 
delivery room seem satisfactory for infants with 
adequate brown fat deposits, but that infants who 
are small f or dates or premature need special 
care to e n s ure heat preservation. Aware of their 
problems, delivery room staff can prepare better 
fo r the deli very of these infants. (p. 1693) 

Another means of protecting the infant from heat loss 

is by increasing t he insulation from the cool environment 

by means of clothing and wrapping the infant. Beland (1970) 

sai d that clothing the i nfant reduces heat loss because 

clothing is a poor conductor of heat an d traps air which 

is also a poor conductor. "Because air is trappe d in the 

space s bet~een fibers, loosely woven woolens are effective 

in preventing heat loss under certain conditions (when air 

is still)' (p . 596) . Scopes and Ahmed (1966) reported 

hat the tempe at ure of t he ambient ai r inside clothing is 

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

tempera ture is 260C . Sinclair (1 976) stated that the 
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addition of clothing and bedding increased the infant's 

insulat ion to where the full-term infant can tolerate 

temperat ures of 24°C and premature infants can tolerate 

30°C . Clothing also helps to minimize the effects of 

sudde n changes in envi ronmental conditions. 

An infant can lose heat through his scalp. In 

additi on to being approximate ly 9-18% of the infant's total 

surface area, the head has less insulation than other parts 

o f the body (Sinclair , 1976). Smith (1969) stated that 

" considerable heat loss can occur through the bare scalp 

o f a small infant; consequently, the infant's head should 

be covered" (p. 653 ). Capobianco (1980) said that for 

p r e mature infants "a tiny stocking cap can be beneficial, 

eve n inside t he 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 
l e a es the incubator . (p. 1693 ) 

'The he ad as a body surface contributing to heat loss is 

d r amatized by the enhanced protection provided by swaddling 

o f a ll but the exposed face of the infant" (Besch et al., 

1 9 71, p . 123) . In their study, Besch et al. (1971) fo und 

t hat infants ~ho 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 (1969) mentioned the use of plastic drapes 

or silver foil to cover a n infant as protection from the 

e nvironment . Baum a n d Scopes (1968) developed a swaddler 

lrno\rn as the silver S\\acidler that is made out of a 

po lJester mater ial that ha s been laminated on the inside 

wit h a thin non a brasive layer of aluminum. Sinclair (1976) 

sa id that the silver swaddler has proven to be effective 

in pre entin g heat loss because it reflects all energy 

rad iated from the b a by's skin as well as preventing any 

kind of radian t heat loss. Valman (1979) mentioned the 

si lver swaddler ~hich was designed to limit heat loss 

d uring transport . He stated that the swaddler "is 

com1nercially avai lable, but wrapping the baby with Gamge e 

\\·ool is also satisfactory " (p. 1432). Besch et at. (1971) 

de eloped anothe r swaddler made of a "unique swaddling 

mate rial that proves to be at least as effective as the 

radiant heater in shie lding a gainst heat loss" (p. 123). 

Th is ma erial is a p lastic sheet with air pockets sea led 
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between two layers of polyethylene coated with polyvinyl-

idene . This material is used to cushion contents in 

comme rcial packages. One of the major hindrances of the 

silver swaddler is tha t the infant is hidden by the 

material. The proponents of the clear plastic swaddler 

say t hat the infant is more visible, but access to the 

infant is difficult f or both the clear and foil-type 

swaddlers . 

Sk in Temperatures and Electric Thermometers 

Several studies suggested that skin temperatures 

rather t han rectal temperat ures seem to be more closely 

related to the i ncreased oxyge n consumption that accompanies 

col d stress . Some researchers indicated that it is the 

diffe r e nce in e nvi r onmental temperature an d skin temperature 

that determi n es the amount of metabolic rise. Miller and 

Oli ver (1966) stated t ha t 

recent studies provide f urther evi d e nce that core 
(rectal ) tempe r a ture is not the prime receptor 
site for thermal regulation. Bruck, Silverman, 
an d Agate and more recen tly , Adamsons and c o
workers have s hown t his to be a f unction of skin 
r ecep tor s i tes . (p . 968) 

Sil e rman a nd Sin clair (1966) also me ntioned that Bruck a nd 

Day demonstrated t hat sk in temperat ures in newborns had an 

influence on the metabolic rate in n ewborn infants that 

appear unrelated to inner body temperature . Bruck (1961) 

obser ed t hat oxygen uptak e increased in t he 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 

c utaneous thermal receptors. Adamsons and Towell (1965) 

reporte d findings that suggested that the peripheral 

receptors that respond to differences in temperatures 

between the skin and the environment are more important in 

t he rmal regulation than are hypothalmic receptors. 

Adamsons, Gandy, and James (1965) reported that no 

c orrelation was found between oxygen consumption and rectal 

t emperat u res in healthy mature infants from birth to six 

hours old . Oxyge n consumption varied by as much as 200% 

f or a given rectal temperature. A closer relationship was 

d emonstrated between oxygen consumption and skin or 

e nvironmental temperatures . The best correlation was 

demo nstrated whe n oxygen consumption was described as a 

f unction of t h e temperat ure gradient between body surface 

temperature a nd e nvironmental temperature. "Thus, newborn 

i nfants have an increased s e nsitivity in regard to 

c utaneously induced metabolic rises" (Bruck, 1961, p. 79). 

There has been some disagreeme nt over the amount of 

time required to obtain an accurate temperature. Eoff et 

a l . ( 1974) did a study comparing axillary an d rectal 

temperatures in ne~born infants taken with a g lass 

h e rmometer and a teleth ermometer. 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 recon~ended 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 

Snive l ey (1967), and Nichols and Glor (1968). Nichols 

et al . (1966) concluded from their study that oral 

temperat ures are adequately measured in 7 minutes, axillary 

temperat ures take 10 minutes and, rectal temperatures take 

2 min u tes . 

Recently t he e lectric thermometer has been developed 

to measure a pe rson's temperature . Beck, Campbell, and 

St . Cyr (1977) stated that one problem noted with predic

ti e electric t hermometers is the report of inaccuracies 

due to the different temperatures which are in the mouth. 

"Except fo r this, electronic thermometers have a generally 

high performance i n laboratory tests" (p. 28). Becket al. 

( 1 977 ) also reported t he con c e rn of nurses over the 

accuracy of the thermom ter as the battery wears down. 
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Acco rding to Gunthrie Laboratory, however, accuracy is 

mai ntained even after the recharge signal activates. IVAC 

Corporation (1979) reported that their thermometers are 

accurate within .1°C and hold a charge for approximately 

60 0 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 knowledg e and t echniques. Reasons why full

term infants as wel l as premature infants are susceptible 

to lose body heat was covered. The consequences of heat 

loss in infants were discussed. The means of maintaining 

bod temperature were discussed from the role the infant 

plaJs to t he techniques available to the nurse to use to 

ma intain the infant's temperat ure. Various studies were 

presented correlating skin temperat ure 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 appl ied. Then both groups are g iven a post-test to 

determi ne the effect of the treatment (Treece & Treece, 

1973) . Polit and Eungler (1978) stated that a true exper-

iment is characterized by three properties: 

1. . anipul at ion--the experimenter does something 
to at least s ome of the subjects in the study. 
2. Control -- t he experimenter introduces one or 
mo r e controls over the experimental situation, 
incl uding t h e use o f a control or comparison group. 
3 . Randomizat ion--the experimenter assigns subjects 
to a control or experime ntal g roup on a random basis. 
(p . 150) 

In this study there was a popul ation of premature infants 

that were randomly divided into a control group and an 

experimental group . The pre-test and post-test were the 

a xillary temperatures obtai ned in the delivery room and 

nursery respectively . The treatment was the use of a 

stockinet cap . 

59 
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Setting 

This study took place in Parkland Memorial Hospital 

~hi ch provides general health services for a large metro

po litan area of over 1,000,000 people in the Southwest. 

The hospital has 102 bassinets and 12 neonatal intensive 

care beds a nd delivers approximately one out of every 

t h r e e babi e s delivered in the area it serves. In 1979, 941 

o f t h e b ab ies delivered were classified as low birth-weight. 

The n e o natol og i s t in charg e of the nurseries estimated that 

a pproximately 600 of these infants were premature. 

Physically , t h e labo r and delivery suite is separated 

by seve r al floors from the low bir t h-wei ght nursery and 

t h e i n tensive car e nurs e r y and is connected by an elevator 

designated for the purpose of tra nsporting these infants to 

t he se nurseries . The r egular n e wborn nursery is on the 

same f loor as the de l ive r y suite. 

Popu lat i on a nd Sample 

The populat i o n for t h i s s tudy consisted of 4 0 infants 

bet \ een 3 2 and 36 weeks gestational a g e born at P a rk l and 

~ 1emori a l Hospi t al from s even o ' c lock in the mornin g until 

five o'clock in the eve ni ng Jo n day t h r oug h F r ida y during 

the st u dy period . The sample , wh ich wa s t he population, 

\as di ided int o a co ntrol g rou p a nd expe rim e nt a l g roup 



61 

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 

f uture population. Due to the expectation that infants 

would be dropped from the study because of their failure 

to f ulfill 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 

ge stational 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 exper i mental g roup. The cards were numbered 

one through fo ur 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 ~ere selected from the 32-34 week pile 

with two designated as the control group and two designated 

as the expe rime ntal 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 

~eek 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 e n s ure 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 

eva luation 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 

centra l nervous system defect such as seizures o r hydro

cephalus. Babies were delivered both vaginally and by 

Cesarean section. An infant was dropped from the study if 

he developed sepsis as det ermi ned by positive growth of 

pat hoge nic bacteria after the culture had undergone 7 

days of i ncubation. No infant was included if the mother's 

temperat ur e 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 

Rev iew Committee of Texas Woman's University to conduct 

the study (see Appendix A). Permission was then obtained 

from the agency in which the st udy was done (see Appe ndix 
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B). Informed consent was obtained from the mother of the 

infant during early labor and prior to the mother's 

receiv ing 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 

g uardian. The researcher explained to the mother or legal 

g uardian the procedure for the study and the fact that 

t here wo uld be little or no risk to her infant. The 

researcher exp laine d and expected benefits of this study as 

be in g (a) an improved body temperature of the infant on 

arri va l in the nursery and (b) increased nursing knowledge 

concernin g body temperature maintenance when planning care 

fo r a premature infant. To insure the anonymity of the 

subjects , the infants were designated by their band 

numbers which t hey received at birth multiplied by a 

constant known o nl y 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 exp lanation, t he mother was given a 

writte n form to sign which explained t he procedure for the 

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

infant (see Appendix C) . 
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·rnstrume·nts 

The instrument used to determine the axillary temper

at ures in the delivery room and the nursery was an IVAC 

elect ric thermometer Model 821 which gives the temperature 

in centigrade. This thermometer is calibrated at three 

tempe rature levels and is accurate within .1°C. The IVAC 

Corpo ration stated that 99% of the thermometers returned 

for service retai ned their accuracy after months and some-

times years of hospital use (IVAC, 1979). IVAC Corporation 

recomme nded that f or axillary te~peratures in newborns 

that the instrument be used in the test mode. This meant 

that : (a) the oral temp e rature probe was disconnected from 

the mai n unit, (b) t he probe with its cover placed in the 

axilla , and (c ) the infant's arm held next to his body for 

5 n: inutes. After 5 minutes, the temperat ure probe 

~as reconnected to t he uni t an d the temperature was 

displayed (see Appendix D). The nursery axillary tempera

t ures were obtained within 10 min u tes after the inf an t 

a rrived in the nursery . A stand ard g l ass wall thermometer 

~as used to measu re the temperat ure of the delivery room. 

Al l of the glass thermometers used in t his study displayed 

the same temp rature when placed in t he same room for a 

per iod of a 'eek . 
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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 

determi ne 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 

a nd the resulting score is correlated with a gestational 

age by refering to mat urity rating scale. Next, the 

infant 's length, head c i rcumference and weight are plotted 

o n the appropriate graphs using the estimated gestational 

age . If the length, h ead circumference and wei ght fall 

i n t he middle category then the infant is appropriate for 

oestational age (see Appe ndix E ). 

Two other instruments were used in this study. A 

stop watch was used to measure t he five minute time period 

necessary for the axillary temperatures. The Subject Infor

ation Sheet was developed b y the r esearcher for recording 

t he data (see Appendix F). This data from t his instrument 

vas used to describe the sample . 

:Cata Collection 

Th e data as collected using the observation method. 

-he n a mother was expected to deliver an infant of 32-36 
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weeks gestation, permission was obtained prior to the 

a dministration of any medications. After determining that 

t he 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 

reco rded. The time of the infant's birth was used as the 

startin g point for the times recorded in this study. The 

researcher dried the infant under a radiant warmer and then 

determined if t he infant was in the control or experimental 

g roup b y selecti n g the top index card in the corresponding 

gesta tional age categ ory. Subsequently that card was 

discarde d. If the i nf a nt was in the experimental group, 

he received a sterile stockinet cap and his axillary 

temperature was take n. If the infant was designated as 

being i n the control group, only his axillary temperature 

was taken . The birt h weight , sex, race, and 5 minute 

Apgar score of the infants in both group s was noted. The 

temperature of t h e transpo r t incubator was obtained, if 

this mode was used to transfer the infant to the nursery. 

Withi n ten minutes after the infant had arrived in the 

nurse ry and had b ee n placed in an in c ubator, the researcher 

obtained and r ecorded the axillary temperature for bot h 

g roups . At a somewhat late r time the infants' gestational 

age was verified by the researcher a nd his c hart reviewed 

for central nervo u s system defects not e d 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, 

e thnic group, weight, Apgar score, gestational age, method 

of delivery, amount of time elapsed from birth to onset of 

dry in g , amount of time elapsed from birth to arrival in 

t h e nursery, temperature of the delivery room, temperature 

of the transport incubator, and the highest temperature 

o f the mo t her during labor. The means were computed for 

bot h g r oups f or all categories along with percentages and 

range s for comparison purposes. 

The me an and range of the axillary temperatures taken 

in t h e de live ry room a nd in the nursery were computed along 

wit h t h e me an and r a n g e of the temperature difference 

b tween t he delive r y room and nursery axillary temperatures. 

The data was also a nalyze d in relation to the number of 

infan t s in b ot h g roup s who had skin temperatures below the 

t h e rmo n e u t r a l range on arrival in the nursery. 

Hypot hes i s I a nd hypothesis II were tested by using 

t h e analysis of var i a nce to d e t e rmine if the application 

of a cap had a si g ni fic an t effect on ( a ) the admission 

nu rse r y axillary tempe r at ur e or (b) the amount of heat lost 

f r om the time the axi ll ary t e mp e r a ture was take n in the 
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delivery room until the axillary temperature was taken in 

the nursery. The significance level was set at .05. 

Polit and Bungler (1978) have stated that analysis of 

variance is a parametric procedure useful in testing the 

significance of differences between two or several means. 

Analys is 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 

t he direct control of the researcher, analysis of covari-

ance was done to remove the effects of these factors on 

t he dependent variables, the average skin temperature on 

a rri al in t he nursery and the difference in the delivery 

room axillary temperature and the nursery axillary 

temperature. 

The anal ysis of covariance tests the significance 
of differences b etwee n group means after first 
adjusting the scores of the dependent variable to 
e liminate t he effects of the covariate . . The 
ariability in the dependent measure that can be 

explain ed by the covariate is removed from further 
consideration . An alysis of variance is performed 
on vhat remains of Y' variability to see whether, 
o nce the co ariate is controlled, sig nificant differ
e nces remai n between t he groups. (Polit & Hungler, 
1 9 78 p . 581) 

The co a riates in this study were: sex, ethnic g roup, 

me hod of del i e ry, a mount 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 

t h e 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 

\·ariable. The chapter ends with a summary of the findings. 

Description of Sample 

The sample for this study contained 40 premature 

infant s who were between 32 to 36 weeks gestational age, 

an d who were appropriate for gestationa l age as determined 

b the ne born maturity rating a nd classification tool. 

Th e se infants were born either vaginally or by Ce sarean 

sect ion in the delivery room. The oral temperatures of 

al l mothers throughout their labors was below 37.soc. All 

i n f ants included in the study had Apgar scores of 7 or 

above at 5 mi nu t s after birth . All infants in the 

st udy failed to demonstrate any evidence of sepsis or any 

ki nd of central nervous system disorder. 

70 
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These infants were assigned at birth to either the 

experimental group or the control g roup using the strati

fied random techn ique until a total of 40 infants was 

reached . There were 17 infants assi gned to the experimental 

g roup 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 

g roup had 12 males and 11 females or 52% and 48% 

respectively (see Table 1). 

In the experimental g roup there were six white infants 

(35%), five black infants (29%), and six Mex ican-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 ~ere born either vag inally or by 

Cesarean section . The experimental group had 15 infants 

o r 88% that were delivered vaginally and two infants or 

12% deli ered by Cesarean section . The control group had 

18 infants or 78% who were born vaginally and five infants 

o r 22% that ~ere delivered by Cesarean section (see Table 

1) . 

Infants in both groups ranged in gestational age from 

32 to 36 weeks . The experimental g roup 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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g roup had 4 infants in the 32-34 week a ge bracket or 17% 

a nd 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 
category 

Experimental a Controlb 

Sex 

1ale 

Female 

Ethnic group 

I hi te 

Black 

.1ex i can - American 

1e thod of Delivery 

Vaginal 

Cesarean Section 

Ge stational Ag e 

32 to 34 ' eeks 

35 to 36 weeks 

an = 17 . 
bn 23 . 

f % 

4 24 

13 76 

6 35 

5 29 

6 35 

15 88 

2 12-

5 29 

12 71 

f % 

12 52 

11 48 

8 35 

13 57 

2 9 

18 78 

5 22 

4 17 

19 83 
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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 

p rocedure. The second was the amount of time that elapsed 

from the time of birth to arrival in the nursery. The 

a erage 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 

t he experimental group was 24.9 minutes with a range of 15 

o 42 minutes . The control group ranged from 9 minutes to 

52 minutes \ith an average time of 23.7 minutes. 
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It is the policy of Parkland Memorial Hospital that 

all infants under 2,500 gm go to the low birth-weight 

nursery on the seventh floor and be transported by a 

transpor t 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 

g roups were transported to their nurseries in incubators 

an d 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 

incubato r to the low birth-weight nursery. The average 

temperature of the transport incubator for the experimental 

g roup was 35 .3°C with a range of 31°C to 40°C. The control 

gro up had a mean transport incubator temperature of 35.2°C 

'ith a range f rom 33°C to 37°C. The remainder of the 

infants, 10 infants or 59% for the exp e rimental g roup and 

11 infants or 48% for the control g roup, were carried to 

the regular newborn nurs ery. 

The temperature of the delivery room was recorded at 

the time of delivery fo r all infants. The average temper

ature of the delivery room was 21.9°C in the experimental 

d d f 20°C to 23°C. g roup an range rom The control g roup had 

a delivery room temperature ran ge f rom 20°C to 22°C with 

0 an average temperature of 21.5 C. 
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The temp e rature of the mother was taken every 4 

ho urs during l abor. The highest temperature during labor 

was r ecorde d. The averag e highest temperature recorded 

for t he mothe r s of the experimental g roup was 37.1°C with 

a range of 36. 6°C to 37.7°C. The averag e highest 

tempe r at ur e r e corde d for t he mothers of the control group 

was 37. 2°C wit h a range of 36.2°C to 37.8°C. 

Ax i llary temp e rat u re s were obtained from all infants 

in the delivery room as soon as the infant was dried. 

The average axillary temp erature take n in the delivery 

room was 36 . 4°C for t h e experimental g roup with a range 

of 35°C to 37. 4°C . Two infants (12%) in the experimental 

g roup had axilla r y tempe r a tures be low 36°C. The control 

g roup had an average delive r y room a xillary temperature 

Seven infants 

(30% ) in the control group had axi llary temperatures below 

36°C . 

The axillary temperature was agai n t a ken on all 

infants upon their ar r iva l i n t he nurse r y a fter the y had 

been placed in their i n c ubators . The ave rage nursery 

axillary temperature recorde d for t he experime n t al group 

~as 36.0°C with a range of 35 . 2°C to 36. 9°C . Eight 

infants in the experimental group or 4 7% ha d a n ax il lar y 

tempe rature below 36°C . The control group h a d a n ave r age 

nursery axillary temper ature of 35 . 9°C wit h a range o f 
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34.8°C to 36.8°C. Twelve infants in the control group, 

o r 52%, had axillary temperatures below 36oc. 

The av e r age amount of heat lost from birth to arrival 

i n t he nursery was determined by the temperature difference 

betwee n the de livery room axillary temperature and the 

nurs e ry axillary temperature. The average temperature 

d i ffe r e nc e for both g roups was .3°C. The experimental 

gro up had a r a ng e of -1.1°C to .3°C and the control group 

had a r a nge of -1.1°C to .6°C. 

Finding s 

Analys i s o f variance was used to test hypothesis one: 

the r e will b e no dif fe r e nce on arrival in the nursery in 

the admission ax i l l a ry t emp e ratures of premature infants 

\\ho recei e a stock i ne t cap a fter delivery and pr emature 

infants \ ho do no t r e c e ive a cap after delivery. The 

average axilla r y tempe rature on arrival in the nursery 

for t hose infan ts who r eceive d a cap was 36.0°C. The 

average axillar y temperature on arrival in the nursery for 

t hose infants who did not r eceive a cap was 3~.9°C. 

Analysis of vari a nc e, usin g the .05 level of significance, 

showed that t here wa s no si g n if icant diff e rence in the 

average nursery ax i l lary temp e rat ure s o f premature infants 

~ho received a cap a nd p r emat ure in f ants who did not 

r ece ive a cap after de l ivery, F (1,38) = .56 , Q = .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 de livery room until the axillary temperature is obtained 

i n t he nursery in premature infants who receive a stockinet 

cap after delivery a nd premature infants who do not receive 

a cap aft e r delivery. The average amount of heat lost for 

bot h the exper imental and control groups was .3°C. The 

resu lts of a nalysis of variance, using the .05 level of 

significance, showed t hat there was no significant differ

e nce in t he amount of he at lost in premature infants who 

received a cap and premature infants who did not receive a 

cap after delivery, I (1,38) = .03 , £ = .87. Therefore, 

hypothesis two predict ing no difference was accepted as 

stated . 

Additi onal Findin g s 

Since temperature o f a n infant can be a f fected by 

several factors, the effect of these factors was statis-

tically removed to determi ne if a difference in the two 

g roups could be demonstrated . This was done by using 

analysis of co ariance . The covariates considered were: 

sex , ethnic group , weigh t , met ho d of delive ry, amount of 
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time elapsed from birth to arrival in the nursery, temper

a ture of the de livery room, temperature of the transport 

i ncubator , d e livery room axillary temperature, gestational 

age , and hi g hest temperature of the mother. The .05 level 

o f si gni f icance was used to determine whether the covariates 

had a sig ni f ic a nt effect. 

Th e covar iat e s that had the greatest effect on the 

n u r s e ry a xill a r y temperature were: delivery room axillary 

tempe r at u re , sex , temp e r a ture of the mother, method of 

delive r y , a nd we i g ht. The deli very room axillary temper

at u re h a d a s i gni fica nt effect, E (1,33) = 46.37, £ = .001. 

The effect of sex was not si g ni f icant, E (1,33) = 2.31, 

£ = .14 . Th e effec t of the mo t her's t emperature was not 

si g nificant, F (1, 33) = .07, £ = .79. The method of 

delivery had a sign ificant ef fect, E (1,33) = 5.34, E = .03. 

\1eight did not h ave a s i g ni f ica nt effect, I (1,33) = .01, 

£ = . 94 . The a n alysis of cova ri a nc e showe d that when both 

g roups were statistical ly e qual ize d for all five covariates, 

there \as still no s i g n ificant dif f erence found in the 

adjusted means . F (1 ,3 3) = .12, £ = .73 (see Table 2). 

Anal sis of covariance was also us e d to determine if 

a cap had a sign ifican t effect on the amo unt of heat lost 

from the time t h e axillary temperature was obtained in the 

deli ery room un til the ax i l l ary t e mp e r a ture was obtained 

in the nuisery . Th is he a t loss wa s measure d as the 
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Table 2 

Su~1ary Table of Results of Analysis of Covariance Showing 
Effects of the Five Most Important Covariates in 

Relation to Nursery Axillary Temperatures 

Source of variation 

Covariates 

Delivery Room 
Axillary Temperature 

Sex 

~ot her's Temperature 

u1et hod of Deli very 

Weight 

·rain Effects 

Group 

Residual Error 

Total 

*p ( . 05 . 
**p < .001. 

df F 

1 46.37 .001** 

1 2.31 .14 

1 .07 .79 

1 5.34 .03* 

1 .01 . 94 

1 .12 .73 

33 

39 

temperature difference between the delivery room axillary 

temperature and the nursery axillary temperature. The .05 

le el of significance was used to determine if the 

co ariates had a significant effect . 

The covariates that were found to have the most effect 

on this temperature difference were: sex , 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, ! (1,33) = .70, E = .41. The ethnic group had a 

significant effect, ! (1,33) = 4.69, E = .04. The method 

of delivery also had a significant effect, ! (1,33) = 5.47, 

E = .03. The incubator temperature did not have a signi-

fant effect, I (1,33) = .80, E = .38. The effect of 

gestational age was not significant, F (1,33) = 2.85, 

E = . 10. The a n a l ys is of covariance showed that when both 

groups were statistically equalize d for these five covari-

ates the remaini ng difference between the group means was 

not significant at the .05 level, F (1,33) = .10, E = .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 temperat ures of the 

experimental infant s a nd the control infants under 2,000 gm 

using the Mann - ,hitney U tes t. 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 35.4°C to 36 . 9°C . The mean nursery 

axillary temperature for t he control gro up was 35.4°C and 

0 0 ranged from 34 . 8 C to 36 . 2 C. The .05 level of signif i-

cance was again used to determine if the cap had a 



81 

Table 3 

Summary Ta ble of Results of Anal ysis of Covariance 
Utilizing the Five Most Important Covariates 

on the Amount of Heat Lost 

Sou r ce of varia t i on df F 

Covar i ates 

Sex 1 .70 

Ethnic Group 1 4.69 

Met hod of Delivery 1 5.47 

Incubator Temperat u re 1 .80 

Gestational Age 1 2.85 

1ai n Effects 

Group 1 .10 

Residua l 33 

Total 39 

*E <: . 05 . 

.41 

.04* 

.03* 

.38 

.10 

.75 

significant effect . The res u lt of t he analys is s howe d that 

premat ure infants less than 2,00 0 gm who rece i ved a c a p 

after delive ry had signific antly higher axillary tempe r--

atures on arrival in the nursery, Q = 3 .00 , E = .03. 

The mean delivery room axillary temperat u res of t he 

two groups were different . The mean delivery room axi l lary 

temperature for the experimental group was 36 . 4 ° C wit h 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 t heir higher delivery room axillary temperatures. The 

analysis showed that the delivery room axillary temperature 

had a significant effect on the nursery axillary temper

a ture, I (1,7) = 25.78, E = .001. When the two groups 

~ere statistically equalized in regard to their delivery 

r o om axillary temperatures, no significant difference 

be t ween the two groups could be demonstrated, I (1,7) = .16, 

E = .70 (see Table 4 ). Therefore, a stockinet cap had no 

ef f e ct on the nursery axillary temperatures once the 

di ff e rence in the delivery room axillary temperatures was 

controlled in premature infants weighing less than 2,000 gm. 

The eff e ct of a cap on the amount of heat lost from 

t h e time the axillary temperature was obtained in the 

de livery room until the axillary temperature was obtained 

i n t he nursery vas also examined for the 10 infants who 

we i g he d l ess than 2,000 gm . Both groups lost the same 

amount of he at, .3°C . The experimental group ranged from a 

loss of . 9° C to a g ain of .1°C. The control group ranged 

fr om no loss of temperature to a loss of .7°C. The results 

of the . ann - lhitne y Q 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 

Covariate 

Deli ery Room 
Axillary Temperature 

ain Effects 

Group 

Residual Error 

Total 

*£ < . 001 . 

df F 

1 25.78 

1 .16 

7 

9 

.001* 

.70 

difference between the two groups Q = 9.5, E = .31. There-

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

premature infants weighing less than 2,000 gm . 

Summary of Findings 

Analysis of ariance 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 

temperat ure on arrival in the nursery. The results also 

sho ed 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 

temp erature was obtained in the nursery. 

Because body temperature can be influenced by several 

factors, analysis of covariance was done to remove the 

eff ect of these factors. The five most important 

covariates that had the greatest influence on an infant's 

nu r s ery axillary t e mperature were: delivery axillary 

tempe rature , me thod of delivery, sex, temperature of the 

mot h e r, and we i ght. Delivery room axillary temperature and 

metho d o f del i ve ry had a si gnificant effect on the nursery 

axillary tempe rature. \f i th both groups equalized in regard 

to t h e five most important c o variates, there was still no 

differen ce in t h e nurse ry a x illary temperature. 

Th e f i ve mos t important covariates to affect the 

amou n t of heat l o st from the time the axillary temperature 

\\as ob tai ned in t h e d e li v ery r oom until the a x illary 

tempe r at u re was o bt a ined in the nursery were: the method 

of delivery , et hnic g roup, gestational age, temperature of 

the tran sport in c ubator, a nd s e x. The method of delivery 

and et hni c group \ e r e the onl y two c ova riates which had a 

signif i can t effec t on t his t emperature loss. ~ith both 

groups equ alize d i n reg ard to all five covariates, there 

was stil l no sign ifi c ant di f f e r e nce found in the amount of 
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heat lost in premature infants who received a cap and 

prematur e infants who did not receive a cap after delivery. 

An additional finding showed that infants weighing 

less than 2,000 g~ who received a stockinet cap after 

delive ry had a hi g her a dmission nursery axillary tempera

ture than premature infants who did not receive a cap after 

delive ry. This differe nce was nullifi e d when the effect of 

the delivery room axillary temperature was removed from the 

nursery axillary temperatures by a nalysis 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 un ti l the axillary temperature was 

obtai ned i n the nursery. 



CHAPTER 5 

SUMMARY OF THE STUDY 

This st udy 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 

pre ention 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 

infan ts "ho did not receive a cap after delivery, and 

(b) t here will be no difference in the amount of heat lost 

from the t ime the axillary temperature is obtained in the 

delivery room until the axillary temperature is obtained in 

the nursery in premat ure infants who receive a stockinet 

cap af er de li e r 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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\armer. The axillary t emperature was taken in the delivery 

room and aga in in the nurs e ry . The control g roup received 

t he same treatment min us the cap. Analysis of variance was 

used to dete rmine if t h e cap had an effect upon the nursery 

axillary tempe ratures or t he amount of heat lost by pre

mat ure in fa nts fr om the time their temperature was obtained 

in the delive ry room to their arrival in the nursery. 

Analys is of cova rianc e was also us e d to rule out the effect 

of ariou s factors affecting the infants' axillary temper

atures . 

The res u lts of these analyses showed that the use of 

a s ockinet cap had no effect o n a premature infant's 

nursery axillar y temperature or the amount of heat lost 

from the t ime the ax illary t empe rature was obtained in the 

deli e ry room until the axillary temperature was obtained 

i n t he nursery . ~hen the data were analyzed using only 

t hose in fants \eighi n g l es s than 2,000 gm, a stockinet 

cap appeared to h ave a significant effect on the nursery 

axil lary temperatures , but this effect was determined to 

be due to initial differences between the two groups and 

not the result of the cap . Th e cap had no effect ei ther on 

the amount of heat lost from the time the axillary 

temperature was obtain e d in the delivery room until the 
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ax illary temperature was obtained in the nursery in pre-

mat ure infants weighin g less than 2,000 gm. 

Results of analysis of covariance showed that two 

covariates had a significant effect on nursery axillary 

tempe rature. The delivery room axillary temperature had 

the g reatest effect on the nursery axillary temperature 

a nd \ as si gnificant at the .001 level. The method of 

deli e ry also had a sig nificant effect with£= .03. Two 

co ariates ~ere also fo und 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 nur s ery . The method of delivery 

had the g reatest ef fect with£= .03. Ethnic group also 

had a significant effect wit h 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 fou nd that the addition of a 

head - covering to these bags resulted in lower temperature 

falls in infants both under radia n t heaters and those in 

room temperature . This study differed from the present 

study in t hat the head cover ing involved was a plastic 

mate rial a nd that r ecta l temperat ures were used to measure 

t h e effect of t he bag . The r esults of the present study 
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using a stockinet cap on pre mature infants did not show 

t his lower temperature fall reported by Besch et al. 

( 1971). 

Por t h and Kay lor (1978) reported that bonnets help 

preven t h eat loss i n small infants when they are taken out 

of t heir inc ubators. Capobianco (1980) also mentioned a 

benef it in u s ing a "tiny s t o cking cap" on premature infants 

~hile t hey a r e still in the ir incubators. The results of 

the prese n t stud y fa il e d t o demonstra te a benefit due to 

usi n g a stocki net cap in p r e ve nting heat loss in premature 

infan t s after delive r y . 

Data \as collected regarding s eve ral factors that can 

infl uence a n in fa n t 's sk in temp e r a ture. Gestational age 

as mentioned b y Br uc k (1 961), Heim (1971), and Silverman, 

Sinclair, a nd Agate (1 966) a s affec ting body temperature 

regu lation . S inclair (1970) stat e d that gestational age 

does not modify a sma ll in fant's r esponse to cooler 

temperatures; instead, t h e r e s p onse is mainly a f unction 

of body size . The resu lts o f the present study supported 

Sinclair's findings i n1 9 70 t hat gest at iona l a ge has little 

effect on the amou nt of hea t l ost in t he p e riod following 

deli er . 

Rosen et al . (1 9 78 ) , i n t h e ir s tudy c omparing temper

atures of i n fants born vagi n a ll y a nd by Cesare an s e ction, 

found no differe nce in the r ect al t emp e ratures of these two 



90 

groups. The resul ts of the present study showed that the 

method of delivery had a n effect on the nursery axillary 

tempe rature and the amount of heat lost from the time the 

axillary temperature was obtained in the delivery room 

until the axillary temperat ure was obtained in the nursery. 

This could have been due to the fact that axillary temper

atures were us e d rather t h an recta l temperatures in the 

present study . Also the temperature of the radiant warmer 

may have bee n war~er for infants delivered by Cesarean 

sect ion than for infants delivere d vagi nally due to the 

fact that the bed was heated for a longer period of time 

because the time of delivery could be more accurately 

pred icted than fo r vagi nal del iver ies . The treatment of 

Cesarean section infants also varied in that these infants 

vere not held by their mothers as were those inf a nts of 

mo hers who delivered vag inally . Rosen et a l. (1978) com-

bined the rectal temperatures on admission t o the nursery, 

a 4 hour and 8 hours aft er birth to arr ive at a 

mean rectal temperature to use i n comparing the two groups. 

Perhaps if the present study included the temperat ures at 

4 and 8 hours after birth, th results would be 

similar. 

One of the goals of nursing care of a newborn i nfant 

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 slcin 

temperature between 36-37°C (Bruck, 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 t he infants lost little heat after 

the initial axillary t emperature was obtained in the 

deli ery 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) 

state d that the present method of providng a thermoneutral 

en vi r onmen t in the deli very room is adequate for full--term 

infants but smal l-for-dates or premature i nf a nts require 

speci a l care to ensure heat preservation" (p. 1693). The 

number of babies with axillary temperat ures below 36°C in 

the present study has underlined the need for a renewed 

effort in t he delivery room to increase thermal protection 

for premature infants . 

Conclusions a nd 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 

effec t 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 

pre e ntion of cold stress is to be achieved. 

2. Nurses should investigate additional or alternate 

me hods 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 st udy, the following 

suggestions are submitted for fut ur e studies. 

1. A study should be done wit h a larger sample, using 

a thermomete r that can re g ister 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. 



93 

4 . A study should be done comparing the temperature of 

i n fants d e livered vaginally and those delivered by Cesarean 

sect ion to see if there is a difference due to the method 

of de livery or if the difference observed in the present 

study was the result of other factors . 

5 . This study should be replicated utilizing both 

rect al a nd axillary temperatures . 
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TEXAS WOMAN'S UNIVERSITY 
COLLEGE OF NURS ING 

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 
. . aster's De gree at Texas Woman's University, the privilege 
of its facilities in order to study the following problem. 

The problem of this s tudy wi ll be to determine if the use 

of a stockine t cap wi ll affec t heat loss in premature 

infants fr om birth until admission in the nurs ery . 

Th e conditions mutually agreed upon are as follows: 

1. 

2. 

3 . 

4 . 

.5.. 

The agency (may) (m3Pit1Jt=) be identified in the final 
r eport. 

The names of consultative or administrative personnel 
in the agency (may) ( rn.a-;or: :_¥t) be iden t i fled in the 
final r eport. 

The agency (,narrts) (does not want ) a conference with 
the student when the r eport is compl e ted. 

The a gency is (willing ) (unw1"l l:Mi[.,) to allow the 
comp leted report to be circulated through int~rlibrary 
loan. ~/ ~ o/ ' .. -
Other , e:/ -.,(£. /?-"&de tr 6:jc!j/.~ ~~-_, 

/ /~·- · 7 J 

Date: 7- ;.,_s- 3o )
-.. ) /f 

- - . / . • :~/ ----?P /;'t ·~~ • 
Si __ ature of Agency _ Personnel ;X~ 

' I tl /j " ~ ~t. ' // )A.c( u;ry L( , C,. _ ~ t_./·· 

Si5nature of Faculty Advisor 

') 

*Fi ll out & sign thre e copies to be dist ributed as follows: 
Original - Student.' F:t rst copy - Agency .~ Se cond copy - TWU 
Colle ge of Nursin ~ . 
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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 
fo r 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 p resent 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, 
cond ition of my infant at birth, his age in weeks, and any 
healt h problems my infant may have. 

2. The procedure or investi gation listed in Parag raph 1 
has been explained to me by Jenifer Roberts, R.N. 

3 . (a) I understand that the procedures or investigations 
des cribed 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 wit h any kind of treatment, I have been assured 
t hat the cap will be removed immediately in order to perform 
the treatment and my infant will be withdrawn from the 
study . I have b ee n assured that my identity will be pro
t ected . I understand that my infant will be identified by 
his band number that he receives at birth multiplied by a 
cons tant known only to the investigator and her assistants. 

3. (b) I understand that the proc e dures and investi gations 
described in P aragraph 1 have the followi n g potential 
benefits to myself and/or others : 

an improved body t emperature of my infant on arrival 
in the nursery . In addition, the r esults of t he study may 
g ive some direct ion for nurses in 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 Sig n at ure Date 

If the subject is a minor, or otherwise unable to sign, 
comp lete the following : 

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

Signatures - one required 

Fathe r Date 

othe r Date 

Guardian Date 

itness - one required Date 
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Axillary Temperature Procedure 

Regarding the recon~ended met hod for taking axillary 

temperatures, especially for the neonatal patient, our 

present recommendations are to use the ther~ometer in the 

test" mode . This is accomplished as follows: 

1. Remove the blue oral probe from the storage well 

i n the thermometer and then unplug the connector from the 

f ront of the thermometer . 

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

3. Insert the probe in the axilla, making sure the 

ip of the probe is positioned as close to the axillary 

artery as possible . Keeping the probe pointed generally at 

~he axillary artery and keeping the patient's arm close to 

hi s side, s hould allow the probe to remain in place 

unassisted. 

4 . Le ave the probe in place for approximat e ly four to 

five minute s t he n without movi ng t he probe plug the probe 

connector into the front of the Model 811 Thermome ter. The 

he rmomete r will automa t icall y be e nergized i n the "test" 

mode and will indicate accurat e ly t he patient's axi llary 

e perature . 
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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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CLASS IFICA TI ON OF NEWBORNS-
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SUBJECT INFORMAT ION SHEET 

Subjec t (code no.) Group ----- Gestational Age ----
Apgar Score in 5 minutes Sex Ethnic Group 

-----

Method of delivery ------
\-eight of inf a nt 

--------

Highest temperature of mother during labor 
----------

Time of: Temperature of: 

Birth 
-------------------------- Delivery Room -------------

P r o cedure beg un Incubator ---------- ------------
rrival in Nursery _______ _ 

~ xillary Temperatures: 

De li\ery Room __________ _ Nursery ________________ _ 

e r if ie d Gestational Age _____________________ _ 

pp ropriate for Gestational Age - Yes_____ No _____ _ 

n Central e rvous System Defects or Problems ________ _ 

Bloo d Culture After 7 Days : Positive Negative ___ __ 
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