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Neonatal thermoregulation

Since the first use of mercury in glass thermometers in 1798, the importance of
thermoregulation in clinical care has been appreciated. In no discipline is this more acute than in
the management of premature neonates. Hypothermia at birth is a worldwide problem**. The
EPICure study highlighted that for neonates less than 26 weeks’ gestation a temperature of

<35 °C on admission to a neonatal unit was independently associated with death®. Heat loss is a
particular problem at resuscitation®. Hypothermia can also occur during transfer of infants to
neonatal units, during routine care” and in operating theatres®. Similarly, hyperthermia can have
severe adverse consequences and should be avoided®. Current routine neonatal practice is
founded upon preventing significant temperature changes.
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1. Newborn infants are acutely vulnerable
to the harmful effects of thermal stress.

2. Preventing damaging heat loss from
premature neonates at delivery remains
a significant challenge.

3. More research is required to develop an
evidence base for heat loss prevention
at neonatal resuscitation.

4. Hyperthermia has been associated with
poor neurological outcome, and has
stimulated research into therapeutic
hypothermia.

Hypothermia at birth

Immediately after delivery if no action is
taken, the core and skin temperatures of a
term neonate can decrease at a rate of
approximately 0.1°C and 0.3°C per minute
respectively’. The World Health
Organisation defines mild hypothermia as
a core body temperature of 36°C-36.4°C,
moderate hypothermia as 35.9°C-32°C and
severe hypothermia as less than 32°C". The
rapid decline in temperature is mainly due
to physical characteristics of the newborn
and environmental factors of the delivery
area. Typically a wet newborn with a high
surface area to volume ratio moves from a
warm aqueous uterine environment into a
cooler, dry delivery room®". The newborn
immediately loses heat by evaporation,
convection, conduction and radiation,
dependent on the ambient air pressure,
temperature and humidity and the
temperature of surrounding surfaces

As the temperature falls between 36°C to
35°C, newborn infants peripherally
vasoconstrict and initiate non-shivering
thermogenesis (NST) of brown adipose
tissue'*"*. Non-shivering and shivering
thermogenesis from immature skeletal
musculature is insignificant’. Brown fat
constitutes approximately 1.4 percent of
the body mass of newborns greater than 2
kilograms in weight and is prominent in
nuchal subcutaneous tissue, around the
kidneys, the mediastinium and intra-
scapular regions"”. Brown fat contains high
levels of triglycerides, is rich in capillaries
and is innervated by sympathetic nerve
fibres. NST is triggered by a surge in
catecholamines, released from the
sympathetic nervous system during times
of cold stress. Noradrenaline combines
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with beta 3 adrenoreceptors on brown
adipocytes and activates adenylate cyclase
which increases cytosolic cyclic adenosine
monophosphate, phosphorylates protein
kinase, and activates hormone-sensitive
lipase. Uncoupling of oxidative
phosphorylation by the protein
thermogenin results in marked heat
production®, and a significant increase in
metabolic rate”. With continued cold
stress the stores of brown fat become
depleted resulting in hypoxia and
hypoglycaemia®.

Brown adipose tissue can be identified
after 26 weeks’ gestation”. Post delivery
brown adipose tissue does not continue to
develop, as it would have done in the intra-
uterine environment, so preterm neonates
remain at a disadvantage. The preterm
infant has the additional disadvantages of
decreased fat for insulation, decreased
glycogen stores, immature skin which
increases water loss, poor vascular control,
a lower maximal metabolism and a
narrower range of thermal control'**>.,

Heat loss on NICU

Reducing heat losses in the first few days of
life, particularly in preterm neonates has
been known to be associated with
improved survival since the early 1960s™.
High transepidermal water loss and
consequential evaporative heat loss due to
structurally and functionally immature
skin is a major problem for extremely
premature neonates™. Transepidermal
water loss decreases with increasing
postnatal age (FIGURE 1), however at four
to five weeks’ postnatal age, 25-27 week
gestational age infants still have losses twice
those of their term counter parts®. A
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FIGURE 1 The relationship between transepidermal water loss and the age (gestational and

postnatal) of newborns.

prospective study of modern standardised
hygiene care regimes of extremely low
birthweight neonates highlighted sharp
peripheral and core temperature falls,
despite procedures to minimise this’.

Heat loss during neonatal
operations

The transfer of neonates out of incubators
for investigations or operative procedures
unquestionably increases the risk of heat
loss. A recent study highlighted that ten
minutes after induction of anaesthesia in a
series of neonates, the core temperatures
began to fall. If the operating room was
below 23°C the losses continued to the end
of the procedures’. The reason for the
decrease in body temperature during
anesthesia is not that anaesthesia itself is
associated with a loss of thermoregulation,
but rather that a broadening of the
tolerated core temperatures occurs™?. It is
postulated that because of their high
amounts of brown adipose tissue and thus
their high potential for nonshivering
thermogenesis, neonates should be able to
produce more heat to compensate for heat
loss. However unlike other small mammals
who can and do perform nonshivering
thermogenesis under anaesthesia, neonates
do not*”. Neonates like adults are unable
to respond to mild intraoperative
hypothermia, despite maintaining other
thermoregulatory responses™?.

Clinical signs of cold stress

During development of hyperthermia, a
neonate may become cold to the touch,
restless, irritable or lethargic, hypotonic, a
poor feeder with gastric distension or
increased aspirates, and bradycardic. As the
condition worsens the neonate can become
tachypnoeic or apnoeic, hypoglycaemic®,
hypoxic and metabolically acidotic”,
develop coagulation defects, acute renal
failure and necrotizing enterocolitis* and
ultimately die*.

Risk factors

All neonates are at risk of hypothermia
within the first twelve hours of life,
particularly the extremely premature
and growth retarded infants. Other risk
factors include abnormal skin integrity
including gastroschisis, exomphalos and
neural tube defects and neonates with
neurological impairment — global or

to the hypothalamus in particular.
Hypoglycaemic infants or those already
significantly metabolically stressed are
also at risk™>.

Preventative measures —
temperature control at
resuscitation

Traditional techniques for decreasing heat
loss include the provision of a warm
delivery room. A temperature of 25°C is
suggested though this is not always

achievable®. The immediate drying of the
infant under radiant heat, discarding the
wet towel and replacing it with a warm
towel, in a warm draught-free area is
recommended” . However very low
birthweight (<1500 g) preterm babies are
likely to become hypothermic despite all
these measures’. As a consequence,
recommendations to place newborns
inside plastic wrapping or bags with their
heads protruding, have been developed™*.
The recent Heat Loss Prevention (HeLP)
randomised controlled trial found that
polyethylene occlusive skin wrapping
prevented heat loss at the delivery of
infants less than 28 weeks’ gestational age™.
Resuscitation should continue unhindered
by the heat loss preventative measures.

A number of other methods to maintain
temperature have been described, these
include swaddling close to mother with a
special blanket”. These measures have not
been evaluated in any randomised
controlled trials. A recent Cochrane review
was not able to provide any firm
recommendations due to small sample
sizes and lack of follow-up data®. It is
important to closely measure temperature
as hyperthermia associated with
polyethylene bags and a third degree burn
with a thermal heat pack have been
reported* .

Thermoregulation on NICU

The mainstay of care is to maintain the
newborn in a neutral thermal environment
which ensures minimal metabolic activity
and oxygen consumption are required to
conserve body temperature”. Incubators
are now specifically designed to minimise
losses by radiation, convection, conduction
and evaporation whilst allowing

clear visibility and access to the patient
(FIGURE 2). Ambient temperature and
humidity are easily controlled. A skin
temperature probe is placed away from
regions where brown fat metabolism
occurs and should be reflective if under a
radiant warmer. All newborns should have
a hat to prevent excessive heat loss from
the head. Plastic wrapping and increased
vigilance regarding maintaining
temperature control should be instigated
for any transfers.

Re-warming after a period of
hypothermia should be a well controlled,
closely observed treatment, monitoring for
hypoxaemia and metabolic acidosis,
cardiovascular instability, hydration status,
hypoglycaemia and hyperbilirubinaemia.
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Rapid rewarming has been advocated* but
may be associated with vasodilatation and
seizures®.

Clinical implications of
hyperthermia

Neonatal hyperthermia is defined as a
body temperature above 37.5 °C". There
have been reports of neonatal seizures in
newborns of febrile mothers**. It has been
postulated from animal studies that
hyperthermia during or after hypoxic-
ischaemic events may cause neonatal brain
injury”*. The current considerable focus
on therapeutic hypothermia as a treatment
modality is out of the scope of this review.

Clinical signs of hyperthermia

Hyperthermia is usually secondary to
overheating due to an external source;
however it can be secondary to other
factors including sepsis, hypermetabolism,
neonatal abstinence syndrome, and
maternal hyperthermia at delivery.
Clinically hyperthermia may present with
irritability, poor feeding, flushing,
hypotension, tachypnoea or apnoea,
lethargy and abnormal posturing, in
addition to an elevated peripheral or core
temperature. If untreated then seizures,
coma, neurological damage and ultimately
death may occur®. The treatment of
hyperthermia requires the same close
monitoring and observation for signs of
deterioration as described for the
management of neonatal hypothermia.
Rapid reduction in temperature is
associated with the potential for cold stress
shock®.

The future

Our basic understanding of how neonatal
temperature control occurs at the
molecular level remains relatively limited.
Non-thermal factors such as hydration
status™*' and hypoglycaemia, which have
been shown to lower the core threshold for
the onset of shivering®, require further
investigation. There is a need for larger,
high quality randomised controlled trials
to develop an evidence base for heat loss-
preventing interventions at resuscitations.
A focus particularly on longer term follow-
up and economic considerations to ensure
a worldwide benefit would be desirable.
The current focus on therapeutic
hypothermia will increase further our
understanding of thermoregulation and
may lead to further novel interventions.
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FIGURE 2 A preterm baby being nursed in an incubator which maintains the baby in a neutral
thermal environment. Photo courtesy of GE Healthcare.

References

1. Currie, ). Medical Reports on the Effects of Water, Cold
and Warm as a Remedy in Fever and Other Diseases.
London: Cadell & Davies. 1798. Appendix 2, 20-25.

2. Tafari N., Olsson E. Neonatal cold injury in the tropics.
Ethiopian Med J 1973; 11: 57-65.

3. Christensson K., Ransjo-Arvidson A.B., Kakoma C,,
Lungu F., Darkwah G., Chikamata D. et al. Midwifery
care routines and prevention of heat loss in the
newborn: A study in Zambia. J Tropical Pediatrics
1988; 34: 208-12.

4. Johanson R.B., Spencer S.A., Rolfe P,, Jones P., Malla
D.S. Effect of post-delivery care on neonatal body
temperature. Acta Paediatr 1992; 81: 859-63.

5. Costeloe K., Hennessy E., Gibson A.T., Marlow N.,
Wilkinson A.R. The EPICure study: Outcomes to
discharge from hospital for infants born at the
threshold of viability. Pediatrics 2000; 106: 659-71.

6. American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Circulation 2005; 112: 188-95.

7. Montes BT, de la Fuente C.P, Iglesias D.A., Bescos
C.C. et al. Effect of hygiene interventions on the
thermal stability of extremely low-birthweight
newborns in the first two weeks of life. An Pediatr
(Barc) 2005; 63: 5-13.

8. Tander B., Baris S., Karakaya D., Ariturk E., Rizalar R.,
Bernay F. Risk factors influencing inadvertent
hypothermia in infants and neonates during
anesthesia. Pediatric Anesthesia 2005; 15: 574-79.

9. Adamsons K., Towell M.E. Thermal homeostasis in
the fetus and newborn. Anesthesiology 1965; 26:
531-48.

. Department of Reproductive Health and Research
(RHR), World Health Organisation. Thermal
protection of the newborn: A practical guide
(WHO/RHT/MSM/97.2). Geneva: World Health
Organisation. 1997.

.Hammarlund K., Sedin G. Transepidermal water loss

1

(=]

1

[

in newborn infants. |Il. Relation to gestational age.
Acta Paediatric Scand 1979; 68: 795-801.
12. Capobianco J.A. Keeping the newborn warm: How to

safeguard the infant against life-threatening heat
loss. Nursing 1980; 10: 64-7.

13. Thomas K. Thermoregulation in neonates. Neonatal
Network 1994; 13: 15-25.

14. Bruck K. Temperature regulation in the newborn
infant. Biol Neonate 1961; 3: 65-119.

15. Stern L. The newborn infant and his thermal
environment. Curr Problems Pediatrics 1970; 1: 1-29.

16. Asakura H. Fetal and neonatal thermoregulation.J
Nippon Med Sch 2004; 71: 360-71.

17. Merklin R.J. Growth and distribution of human fetal
brown fat. Anat Rec 1974; 178: 637-46.

18. Ricquier R., Casteilla L., Bouillaud F. Molecular studies
of the uncoupling protein. FASEBJ 1991; 5: 2237-42.

19. Nicholls D., Locke R. Cellular mechanisms of heat
dissipation. Mammalian thermogenesis. In: Girardier
L, Stock MJ, eds. London-New York: 1984; 8-42.
Chapman & Hall.

20. Hull D. Temperature regulation and disturbance in
the newborn infant. Clinics Endocrinology Metabolism
1976; 1: 39-54.

21. Kumm S. Cold stress in neonates. Unit X1 complex
acute illness across the lifespan: Obstetric and
neonatal. www2.kumc.edu/instructions/nursing.

22.Okken A., Koch J. The Concept of Thermoregulation.
Thermoregulation of sick and low birth weight
neonates. Berlin: Springer — Berlag Berlin. 1995.

23. Silverman W., Sinclair J. Temperature regulation in
the newborn infant. New Engl J Med 1966; 20: 146-
47.

24.Evans N., Rutter N. Development of the epidermis in
the newborn. Biol Neonate 1986; 49: 74-80.

25. Hammarlund K., Sedin G., Stromberg B.
Transepidermal water loss in newborn infants VILI.
Relation to postnatal age in very preterm and full-
term appropriate for gestational age infants. Acta
Paediatric Scand 1982; 71: 369-374.

26. Ohlson K., Lindahl S., Cannon B., Nedergaard J.
Thermogenesis inhibition in brown adipocytes is a
specific property of volatile anesthetics.
Anesthesiology 2003; 98: 437-448.

27. Plattner O., Semsroth M., Sessler D., Papousek A.,

infant VOLUME 3 ISSUE 3 2007

103



THERMOREGULATION

Klasen C., Wagner O. Lack of nonshivering
thermogenesis in infants anesthetized with fentanyl
and propofol Anesthesiology 1997; 86: 772-77.

28. Elliott R.I., Mann T.P. Neonatal cold injury due to
accidental exposure to cold. Lancet 1957; 272: 229-34.

29. Gandy G.M., Adamsons K., Cunningham N.,
Silverman W.A., James L.S. Thermal environment and
acid-base homeostasis in human infants during the
first few hours of life. J Clinical Investigation 1964;
43:751-58.

30. Glass L., Silverman W.A,, Sinclair J.C. Effects of the
thermal environment on cold resistance and growth
of small infants after the first week of life. Pediatrics
1968; 41: 1033-46.

31.Borse N., Deodhar J., Pandit A.N. Effects of thermal
environment on neonatal thermoregulation. Indian
Pediatrics 1997; 34: 718-20.

32. Hey E.N., Katz G. The optimal thermal environment
for naked babies. Arch Disease Child 1970; 45: 328-34.

33.Du JN, Oliver TK Jr. The baby in the delivery room.

A suitable microenvironment. J Am Med Assoc 1969;
207:1502-04.

34. Capobianco J.A. Keeping the newborn warm: How to
safeguard the infant against life-threatening heat
loss. Nursing 1980; 10: 64-67.

35.Bloom R.S., Cropley C., the AHA/AAP Neonatal
Resuscitation Steering Committee, editors. Textbook
of Neonatal Resuscitation. 3rd Edition. Dallas (TX):
American Heart Association, 1994: 2-9.

36.Vohra S., Roberts R.S., Zhang B., Janes M., Schmidt B.
Heat Loss Prevention (HelP) in the delivery room: A

randomized controlled trial of polyethylene occlusive
skin wrapping in very preterm infants. J Pediatr 2004;
145: 750-53.

37.Lyon A.J., Stenson B. Cold comfort for babies. Arch Dis
Child Fetal Neonatal Ed 2004; 89: F93—F94.

38. Lenclen R., Mazraani M., Jugie M., Couderc S., Hoenn
E., Carbajal R., Blanc P,, Paupe A. Use of a
polyethylene bag: A way to improve the thermal
environment of the premature newborn at the
delivery room. Arch Pediatr 2002; 9: 238-44.

39.Baum J.D., Scopes J.W. The silver swaddler: Device for
preventing hypothermia in the newborn. Lancet
1968;1:672-73.

40. McCall E.M.,, Alderdice F.A., Halliday H.L., Jenkins J.G.,

Vohra S. Interventions to prevent hypothermia at

birth in preterm and/or low birthweight babies.

Cochrane Database of Systematic Reviews. 2005. (1):

CDoo4210.

Newton T., Watkinson M. Preventing hypothermia at

birth in preterm babies: At a cost of overheating

some? Arch Dis Child Fetal Neonatal Ed 2003; 88:

F256.

Brun C,, Stokvad P., Alsbjorn B.F. Burn wounds after

resuscitation of a newborn girl. Ugestrift for Laeger

1997;159: 6531-32.

.Armstrong V. Neonatal thermoregulation. In: NANN
Guidelines for Practice. Des Plaines, IL: NANN
(National Association of Neonatal Nurses). 1997
(revised 2000): 1-12.

44. Kapla M., Eidelman A. Improved prognosis in severely

hypothermic newborn infants treated by rapid

41.

42.

4

w

4

4

4

4

4

5

5

5

5.

6.

7.

o

el

0.

1.

N

rewarming. J Pediatrics 1984; 105: 470-74.

Petrova A., Demissie K., Rhoads G.G., Smulian J.C.,
Marcella S., Ananth CV. Association of maternal fever
during labor with neonatal and infant morbidity and
mortality. Obstet Gynecol 2001; 98: 20-27.

.Lieberman E., Lang J., Richardson D.K., Frigoletto F.D.,

Heffner L.J., Cohen A. Intrapartum maternal fever and
neonatal outcome. Pediatrics 2000; 105: 8-13.
Coimbra C., Boris-Moller F., Drake M., Wieloch T.
Diminished neuronal damage in the rat brain by late
treatment with the antipyretic drug dipyrone or
cooling following cerebral ischemia. Acta Neuropathol
(Berl). 1996; 92: 447-53.

Dietrich W.D., Alonso O., Halley M., Busto R. Delayed
posttraumatic brain hyperthermia worsens outcome
after fluid percussion brain injury: A light and
electron microscopic study in rats. Neurosurgery
1996; 38: 533-41.

. Brueggemeyer A. Thermoregulation. In:

Comprehensive Neonatal Nursing: A physiological
perspective. W.B. Saunders Company, Philadelphia PA.
1993; 247-60.

Ekblom B., Greenleaf C.J., Greenleaf J.E. Temperature
regulation during exercise dehydration in man. Acta
Physiol Scand 1978; 79: 475-83.

Turlejska E., Baker M.A. Elevated CSF osmality inhibits
thermoregulatory heat loss. Am J Physiol 1986; 251
R749-54.

Passias T.C., Meneilly G.S., Mekjavic I.B. Effect of
hypoglycaemia on thermoregulatory response. J Appl
Physiol 1996; 80: 1021-32.

X

N

25th
International
Congress
of Pediatrics
Athens 2007
for the health and well-being of our children

International Conference Center of the Athens Concert Hall

Organized by the International
Pediatric Association (IPA)

Hosted by the Greek
Paediatric Society

Under the auspices of H.E. the President of the Hellenic Republic, Mr. Karolos Papoulias and the Hellenic Ministry of Foreign Affairs

Endorsed by the European
Respiratory Society (ERS)

» International Summit of
Ministers of Health on “AIDS
ORPHANS and VIOLENCE ON CHILDREN"

> Supplement in “Pediatrics” Journal:

A selection of the best abstracts submitted to
the 25" International Congress of Pediatrics
will be compiled and submitted as a
potential supplement to “Pediatrics”
(the AAP Journal)

» Fundraising concert for AIDS
orphans

150 Speakers from
50 different countries
Visit www.icp2007.com
to view the complete list
of speakers

PEDIATRIC SECTION
* DERMATOLOGY - ESPD
+ ENDOCRINOLQGY - ESPE
* INFECTIOUS DISEASES - ESPID
 SOCIAL PEDIATRICS - ESSOP
* NEPHROLOGY - IPNA
 PEDIATRIC SURGEONS - WOFAPS

« the AMERICAN ACADEMY OF PEDIATRICS - AAP
« the UNION OF NATIONAL EUROPEAN PEDIATRIC SOCIETIES AND
ASSOCIATIONS - UNEPSA
 the CONFEDERATION OF EUROPEAN PEDIATRIC SOCIETIES -
CESP/EAP

 the COMMITTEE ON ENVIRONMENTAL HEALTH OF THE
INTERNATIONAL PEDIATRIC ASSOCIATION

* INTERNATIONAL CHAIRS ASSOCIATION (IPCA)
* MEDCHILD

Saturday 25 August 2007
* CARDIOLOGY - AEPC

« NEURORADIOLOGY - ASPNR
* ALLERGOLOGY AND CLINICAL IMMUNOLOGY - EAACI

Tuesday 28 August 2007
WHO Workshop

WHO Child growth standards: get to know
the hand - held Computer
Software.

/ Meet the expert Coffee ¢
‘ Meet the Editor « Meet the

| Media ¢ Round Table on Child
| Survival with UNICEF, WHO,
. WORLD BANK, PMNCH,

August 24-25, 2007 - The Athens Concert Hall

3" International Congress on Pediatric Nursing

http://www.pediatricnursing2007.com

\ THE LANCET /£
Ny /
N e

~_

e-mail: icp2007®@acnc.gr * Tel: +30 210 6889130 « Fax: +30 210 6844777

For information and registrations please contact

ACRC INTERNATIONAL
PCO of the 25" ICP

www.icp2007.com

* Adolescence

* Asthma - News in therapy
* Avian flu

* Breastfeeding

* Child survival

* Diabetes

* Environmental health

* Genetic screening

 HIV (epidemiology, pathogenesis, prevention,
diagnosis,

vertical transmission)

* Immunizations
* New vaccines - developed and developing
* Rights and child advocacy

* Training pediatricians in ethics
* Tuberculosis

Important dates

* Pre-Registration
deadline:
June 10", 2007
* Late-Registration
deadline:

July 27*, 2007

104

VOLUME 3 ISSUE 3 2007 infant



