Thermoregulation



Weigh < 1,500 g. Without the use of
incubators, the likelihood of death was close

to 100%, especially if the rectal temperature
dropped to < 32°C.



Poikilotherms

Homeotherms
Energy & O,



Neutral Thermal Environment

« Conditions under which oxygen consumption is

minimal even as body temperature is maintained
in the normal range

« Range of temperature over which metabolic
demands are minimal.



Neutral thermal environment: effects of heat and cooling on metabolic rate and body
temperature.

Body
Temp.

Metabolic
Rate/
Oxygen
Use

~37°C

>

Uncontrolled Cooling

Peak Metabolism

Death from cold

Maintenance of Normal
Body Temperature

Neutral
Themal
Zone

Overheating

Death from heat

Decreasing Chemical Increasing
body temperature regulation body temp
S — e —

Environmental temperature

Steven A. Ringer Neoreviews 2013;14:e161-e167
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Body Temperature

Heat loss Heat production

« Mechanisms of heat
production

« By product of normal
metabolism



Cerebral cortex

Hypothalamic regulatory center

Newborn
Nonshivering thermogenesis
« Brown adipose tissue

Adult
Increase sympathetic activity

This process can increase
heat production

» Peripheral vasoconstriction
« Diminished sweating
 Shivering

' n

Skin
Peripheral thermal receptor




Brown adipose tissue

Specific heat-generating function

Found in characteristic areas of the baby, such as
interscapular, axillary, perirenal, and thoracic regions
and between neck muscles

Prominent in the fetus and newborn

Increasing amounts found as gestation approaches
term

Metabolized, heat is produced that directly warms the
blood and organs



Nonshivering thermogenesis in newborn

Cold stress

Skin and central

thermoreceptor

Preoptic, anterior nuclei of

;‘iﬁ Thyroid-stimulating

hypothalamus

v
Sympathetic

hormone

T,release

activity increase

Norepinephrine

5’,3’-monodeiodinase

i

T, release

Thermogenin (UCP)

Steven A. Ringer Neoreviews 2013

Vasoconstriction

Heat

Mitochondria uncoupled,
Brown adipose tissue oxidation




Heat loss

Newborn

« Greater risks of heat loss

 Higher skin surface area to weight ratio
« Thinness of skin

« Diminished amount of subcutaneous fat



Preterm Infant Susceptibility to Hypothermia

N =

NOoO U AW

Large head and greater ratio of skin surface to body weight

Less subcutaneous fat and thinner skin with more
transepidermal water losses

Decreased ability to maintain flexed posture

Less amount of brown fat and glycogen stores

Low levels of thermogenin and 5’3" monodeiodinase
Lower surge of thyrotropin

Greater likelihood of hypoxemia in preterm infants, which
can impair brown fat metabolism



Estimated Body Surface Area and Body Surface Area to
Mass Ratio at Different Body Weights

Body Mass (kg) BSA (m?2) BSA/Mass (m2/k
g)
0.5 0.065 0.13
1 0.1 0.1
3.5 0.2 0.06

/0 1.73 0.025



Response to warm environment

 Physiologic
— Sweating : absent in babies born at < 36 weeks’
gestation but usually appears by about 2 weeks of age

— Babies of opiate-abusing mothers have a well developed
ability to sweat at any gestational age.

 Behavioral

— less active, sleep more and lie in an extended,
sunbathing posture
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Factors affecting a newborn infant’s heat production

« Awake « Deep sleep

* Active  Ill (e.g. asphyxia/hypoxia)
» Postfeeding » Starvation

« Rapid growth « Malnutrition

« Neonatal thyrotoxicosis « Hypothyroidism

« Left-to-right shunt « Cyanotic cong heart

- Drugs (e.g. theophylline) disease
« Drugs (e.g. Caffeine)



Mechanism of heat loss

Evaporation

Conduction =._ 4= -
Radiation

Convection

A. Conduction

.
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B. Convection
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Evaporative

Water that evaporates from skin surface of infant
Most common at the time of birth

Baths represent a period of increased risk

Low humidity environment

Higher in premature



Heat exchange through evaporation in relation to gestational age. Measurements
from the first day of life during incubator care at an ambient humidity of 50%o.
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Heat exchange in relation to postnatal age in different gestational age groups

25-27 wk. 28-30 wk. 31-36 wK. 37-42 wk.
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Evaporative Heat Loss in preterm infant

Immature epidermal barrier with absence of a
competent stratum corneum

Less subcutaneous fat
Increased surface area—to—body weight ratio
* Poor vasomotor control



Prevention Strategies

Keep the infant and clothing dry
Dry the infant immediately after delivery

Place preterm or small-for—gestational age infant
in occlusive wrap/bag at delivery

Delay bath until temperature is stable

Place infant in an environment with 60%
numidity




Conductive

 Direct contact between infant and surrounding
environment and objects

« Rate of loss is proportional to the temperature
differential between the infant and the object

= JX) =

A. Conducticn



Prevention Strategies

Place a warm diaper or blanket between the infant
and cold surfaces

Place infant on prewarmed table at time of
delivery

Warm all objects that are in contact with the infant
Hold infant skin to skin
Use exothermic mattress






Convective

Gradient between the temperature of skin of infant and
movement of ambient air

Infant moves through cold air after delivery, from the
mother to a resuscitation table

Heat loss is similar in term and preterm
Heat loss increase when air velocity is high

P

B. Convection



Prevention strategies

Minimised by swaddling, using hats, warming
oxygen and minimising draughts

Place preterm infant in incubator
Keep portholes of the incubator closed
Warm all inspired air



Radiation

 Gradient between skin of infant and surrounding
surfaces not touching infant

« Infant is near a cold window

« Major route in preterm infants > 28 weeks'
gestation and term infant



Heat exchange in relation to postnatal age in different gestational age groups

25-27 wk. 28-30 wk. 31-36 wK. 37-42 wk.
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Prevention strategies

Avoid placement of incubators or bassinets near
cold windows or air conditioners

Place a hat on the infant’'s head

Place extremely preterm infant in bag or surround
with plastic wrap

Increase environmental temperature
Use double-walled incubators



Respiratory loss of heat

« Combined processes of evaporation and
convection
» Heat loss related to
— Air temperature
— Humidity
— Rate of breathing



Respiratory loss of heat

« Use of warmed and humidified (saturated at
>37.0° C) gas will reduce resplratory loss of water
and heat to a minimum ’, R |




Cold stress

M oxygen consumption &

metabolic rate

Release norepinephrine

Metabolism of brown adipose tissue

pulmonary and peripheral vasoconstriction

Prolong/severe cold stress

Hypoxia & metabolic acidosis




Clinical of hypothermia

Lethargic with limited movement

Feed poorly

Cold when touched

Bright red skin

Respiratory rate and the heart rate slow
Hypoglycemia

Metabolic acidosis

Hypoxemia



Clinical of hypothermia

In severe case
 Peripheral and facial edema
 Sclerema or subcutaneous fat necrosis

« Organ dysfunction including
— Acute renal failure
— Coagulopathy
— Persistent pulmonary hypertension
— Intraventricular hemorrhage



Measurement of temperature



Body temperature

WHO

« Normal range : 36.5-37.5 0C

 Mild hypothermia : 36-36.5 0C

« Moderate hypothermia : 32-36 °C

« Severe hypothermia : < 32 C

AAP : normal temperature 36.5-37.4 °C

NICE guideline defines normal newborn axillary
temperature as ‘around 37°C



Measurement of temperature

* Rectal

 Axilla
— Should be used, except during therapeutic
hypothermia

— Generally lower than rectal temperature by about
0.5°C

« AAP guidelines recommend adopting a similar
normal range, 36.5—37.4°C



Rectal measurement

At birth or admission to ward

Advantages

Disadvantages

Gold standard

Closely approx. core temp
Not affected by ambient
temp

Not limited by age

« Time consuming

 Risk of perforation

« Lag in core temperature
change

Smith J, Alcock G, Usher K. Neonatal Netw. 2013



Axilla measurement

Should be used, except during therapeutic hypothermia

Advantages Disadvantages
Safe « Take longer to achieved
Easily accessible depending on thermometer
Comfortable used
As accurate as rectal « Sweat can cause temperature
temperature lower than core temperature

Minimal cross infection

AAP guidelines recommend adopting a similar
normal range, 36.5-37.4°C

Smith J, Alcock G, Usher K. Neonatal Netw. 2013



Skin measurement

Advantages Disadvantages

« Comfortable  Fragile skin
« Steady and continuous ¢ Error if probe is loss
« Automatic response to

temperature changes




Temperature probe
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Rectal Preterm 2.5 cm 3

Term 3 Ccm 3

Axilla Preterm AT ALLIALU 5
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Term 8

Jirapaet V, Jirapaet K. Nurs Heallth Sci. 2000



Maintenance of Thermal Stability in
the Delivery Room



Delivery room

« WHO recommendations that the delivery site
should be warmed to 25°C

* Dry with warm blankets

* Placed in

— Preheated radiant warmer
— Incubator

— mother’s chest and cover with a light blanket.






ORIGINAL ARTICLE

Hygothennia in very low birth weight infants: distribution,
risk factors and outcomes

$S Miller', HC Lee® and JB Gould'

'Department of Pediatrics, Division of Neonatal and Developmental Medicine, Stanford University, Palo Alfo, €A, USA and
“Department of Pedialrics, Division of Neonatology, University of California, San Francisco, CA. USA

Journal of Perinatelogy (2011) 31, 54955 @
() 2011 Mature America, Inc. All rights reserved. 0743834011
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Admission temperatures from the delivery room for 8782 very low birth
weight infants born in California neonatal intensive care units

Severe

Moderate 32-35.9°
<32° =

Parcent

o T 1 J T T
31 31.5 32 335 33 335 34 345 35 355 36 365 37 375 38 385 39 385 40
Temperature at Admission to NICU (degrees centigrade)

* Cold Stress 36.0-36.5°

Miller S, Lee H, Gould J, J Perinatol. 2011.



Table A1 Admission emperature for infants <32 weeks gestational ape with
birth weight <1500 by pestational ape

Table A2 Admission temperature for infants <32 weeks pestational age with
birth weight = 1500 g by birth weight

Crestfanfiontal N Meann BW Mexirs fermfy Rartige
ape (weeks) fad ) 5}

23 263 606 (90) $H3 (1.3 31.0-384
! 572 672 (103 58 (1LY 26.1-30.0
X5 732 762 (128) 6.1 (0.9) 128-305
% &20 476 (160) 6.5 (0E) 322-3912
Lj 3 978 (180} 6.3 (0.7) 32.5-391
] 1120 LT (204) 304 (0.8) =302
X 1311 1195 (198) 34 (0.7) %.1-386
30 122 1245 (185) 304 (0.7 354-301
31 413 1205 (169) 363 (0.6) B0-379
L ¥ 135 1510 (149) 6.3 (0.6) HA-380

Birth weipld (o) N Mean GA (5d)  Mean fengh (5.d) Ferrioe

00— 4% 87 247 (LT 354 (L3) 320-31
00— 5% 3 245 (L6) 356 (L1) 31.7-383
B0 — 6 622 250 (18) 358 (L1) 305—39.0
00— 79 3 25.7 (1L8) 361 (10 261-35
H00— 80 11 266 (18) 563 (0.7) F1-35
00— 9% ™2 274 (18) 3602 (0.7) j29-30
1000— 1099 005 282 (1.9) 36.4 (08) 20.T-302
11001199 o973 201 (19 364 (0.7) 332-36
1200—1299 1076 208 (1.9) 364 (0.7) 270-30.1
13001399 1159 304 (19 56.4 (0.6) 335384
1400149 1232 A1 (1L9) 304 (0.7) 26 1-36

Abbreviation: BW, hirth weight.

Abbreviation: GA, gestational age.



Risk factor for WHO criteria of mod/severe hypothermia, cold stress

Mod/severe (95% Cl) Cold stress (95% Cl)

Delivery mode (cesarean vs vaginal) 1.2 (1.0-1.4) 1.3(1.1-1.5) T
Spontaneous labor 0.8 (0.7-0.9) 0.9 (0.8-1) J
Prolonged rupture of membrane 0.7 (0.6-0.9) 0.8(0.7-09) <
Antenatal steroid 0.7 (0.6-0.8) 0.9 (0.8-1.0)
Maternal hypertension 1.1 (1.0-1.1) NS

1 min Apgar score (0-6 vs 7-10) 1.1 (1.0-1.3) 1.1 (1.0-1.3)

5 min Apgar score (0-6 vs 7-10) 1.5 (1.3-1.7) NS
Resuscitation (none vs any in delivery room) NS 0.8 (0.7-0.9)

Miller S, Lee H, Gould J, J Perinatol. 2011.



Neonatal outcome evaluated according to WHO criteria for hypothermia

Normal (%) Cold stress (%) Mod/severe(%) P-value

(N = 2233) (N= 2639) (N= 3740)
Stage 3 Or 4 ROP 6.5 6.5 11.2 <0.0001
NEC 7.3 7.2 8.8 0.11
Sepsis (early) 2.4 2.0 2.3 0.11
Sepsis (late) 11.4 10.9 15 <0.0002
Oxygen at 36 wks 8.4 6.5 7.0 <0.0001
IVH 6.8 7.0 13.0 <0.0001
Death 6.7 8.5 17 <0.0001
Death + IVH 3-4 11.1 12.3 22.8 <0.0001

Miller S, Lee H, Gould J, J Perinatol. 2011.



Prevention

TransWarmer exothermic
mattress

Woolen cap
Polyethylene wrap




Polyethylene wrap

dConduction
{ Convection
4 Evaporation

d Heat loss esp. preterm
4 Hypothermia 1-2 h after
NICU admission




HEAT LOSS PREVENTION (HELP) IN THE DELIVERY ROOM: A
RANDOMIZED CONTROLLED TRIAL OF POLYETHYLENE OCCLUSIVE
SKIN WRAPPING IN VERY PRETERM INFANTS

Sunma Vorrs, MD, M52, Rose 5 Boserts, M5z, Bo Zaans, MPH, Mapianne Janes, MHSC, anD Baggapa, Scqmot, MO, MSe

Table Il. Qutcomes

Wrap group (n = 17) Control group (n = 26) P value

et
L) F
| At NICU admission, mean + 5D 36508 356+ 1.3 0.002

One hour after NICU admissicn, mean = 5D 366 =07 354 =09 0.4
Secondary outcomes
Death, n {'.‘-"i]' 7 (25.0) 8 (29.6) 0.8
APGAR score at | min
Median & [ 0.6
Interquartile range 2-5 3-6
APGAR score at 5 min
Median 7 7 09
Interquartile range &-8 78
Blood gas pH, mean + 5D 732+ 0.12 T36+0.12 03
Bicarbonate (mmelL). mean + 5D 205 = 40 195 =28 03
Glucose (mmolL), mean + 5D 25+ .1 2B+ |8 0.5

*Dieath rate was caleulated on the basis of 28 infants in the wrap group and 27 infants in the control group. The Journal of Pediatrics + December 2004



Randomized Trial of Occlusive Wrap for Heat Loss Prevention in Preterm Infants

Number of infants
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Reilly MC, Vohra S, Rac VE, Dunn M, Ferrelli K, Kiss A, et al. The Journal of Pediatrics. 2015.
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Woolen cap

Brain :

 High oxygen consumption

« 12% of body weight

« 20% of total body surface are
 High vascularity

Increase heat loss




Current NCPR 2015 recommendation

« Increase the temperature in the room

« Preheat the radiant warmer well before the time of birth
» Place a hat on the baby’s head

« For babies born at < 32 weeks’ gestation

Thermal Polyethylene
mattress plastic bag
placed Drying the
under a - baby is not
blanket on the N3 necessary

radiant warmer




Transport from the Delivery Room to the NICU

« Radiant warmer or incubator should be used for
transport.

. Transport incubator
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Maintenance of Thermal Stability in the NICU



« Environment temperature
— In incubator : 25-26 9C
— In crib : 27-28 °C
 All windows and doors should be close



Incubator care

« Get the newborn into the closed incubator as quickly as is
feasible

 Double wall incubator




Mode of incubator

e Skin Servo control

— Heater output is controlled by the newborn infant’s
skin temperature

e Air servo control

— Air temperature is set to a desired level and
maintained by thermostat



Skin servo control

ok~ 4 C

367~ 358

0

[} OFF




Absvantunilauuu skin servo control
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JANR A5TUWNWNEL. Preventive measures in neonatal care . 2547



Suggested abdominal skin temperature settings for infants
nursed under radiant warmers or in servo mode incubators

Birthweight (kg) Abdominal skin temperature (°C)
<1.0 36.9
1.0-1.5 36.7
1.5-2.0 36.5
2.0-2.5 36.3

>2.5 36




Qs
Q/

ABRvantnNdigiiul air servo control
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J
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JANR A5TUWNWNEL. Preventive measures in neonatal care . 2547
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Temperature (“C)

®

Fluctuations in incubator air temperature when used
(A) in air mode and (B) in servo mode.

b A l
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Incubator air
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Rennie JM, Roberton NC. Textbook of neonatology. 2012.



Metabolic heat
Heat lost by

production
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Fig. 15.4 Heat production, losses and gains of 11 preterm infants (mean birthweight 1.58 kg, gestation 32 weeks, age 7 days) nursed
naked in an incubator (lighter bars) and under a radiant warmer (darker bars) in presumed neutral thermal conditions. (Redrawn from Wheldon

and Rutter [1582).)



Incubator

« Skin servo control is preferable to air
temperature control esp. in LBW infant

» Cochrane review reported that skin servo control
mode reduces neonatal death compared with air
temperature control at 89.2°F (31.8°C)

Sinclair JC. Cochrane Database Syst Rev. 2002



Temperature probe placement

\ | . ¥ R Place on the infant’s
Wy ; upper abdomen,
usually midway
between xiphoid
process and umbilicus.

« Avoid areas of brown
fat such as the
interscapular region,
the axilla, or neck




Care under radiant warmer

 Prevent radiation heat loss
« Allow large evaporative and convective heat losses




Care under radiant warmer

* The baby is exposed to cool, dry, draughty air and a
markedly fluctuating radiant heat source
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Metabolic heat
Heat lost by

production
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Fig. 15.4 Heat production, losses and gains of 11 preterm infants (mean birthweight 1.58 kg, gestation 32 weeks, age 7 days) nursed
naked in an incubator (lighter bars) and under a radiant warmer (darker bars) in presumed neutral thermal conditions. (Redrawn from Wheldon

and Rutter [1582).)



Care under radiant warmer

* Fluctuating , asymmetrical thermal environment
compared with the constant temperature provided
by an incubator

« Higher resting levels of oxygen consumption

« Advantage

— keeping a newborn infant warm particular in the
after delivery, when considerable handling an
d practical procedures are necessary



Absivanindiuay radiant warmer

» Manual control : /fauailsuavan heat
power Lay dutiludinsina wiauantiu
\astdus

Q

. Skin servo control : deaauiRIN
nIsAlauns e incubator

. Faaaungfinisnnn 30 w1 WnAIN
uasacuauldnfina 4 119




Multifunction incubator
(hybrid incubator-radiant warmer)
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Skin-to-skin care

« Enables conductive heat gain through the skin-
to-skin contact

» T Mother —infant bonding
- T Breastfeeding rate



Skin-to-skin care

Cochrane demonstrated a statistically significant
reduction in the risk of mortality, sepsis, and
hypothermia with the use of skin-to-skin contact

Conde-Agudelo A, Diaz-Rossello JL. Cochrane Database Syst Rev. 2016



Skin temperatures (Tskin) in a group of extremely (GA 22-26 wk)
preterm infants during early (1st week) skin-to-skin care(SSC).
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Karlsson V, et al. J Pediatr. 2012



Suggested Modes of Care in Infants of Different Gestational and
Postnatal Ages

Infant Group At Birth Week | Weeks 2 to 4
=28 weeks Radiant Incubator with Incubator with
warmer =70% RH 50% RH
Plastic bag  Radiant Radiant
Hot/humid warmer with warmer
gas plastic wrap SSC
S5C (end of
first week)
28-31 weeks Radiant Radiant Radiant
|warmer warmer warmer
Incubator S5C
S5C Heated
marttress
32-35 weeks SSC SSC SsC
Radiant Heated Cot
warmer marttress
=36 weeks SSC S5C
Radiant Cot
warmer

RH, Relative humidity; SSC, skin-to-skin care.

Fanaroff and Martin's Neonatal-Perinatal Medicine: Diseases of the Fetus and Infant 10t ed.



Humidity

- Humidification is an effective way of reducing
evaporative heat loss

« Recommended for babies below 30 weeks’ gestation in
the first week of life
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Humidity

« Use of humidity > 70% during first week of age
followed by 50-60% in the subsequent weeks
can reduce insensible water loss and minimize

weight loss.

Kim SM, Lee EY, Chen J, Ringer SA. Pediatrics. 2010
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Nuntnarumit P,et.al. Am J Pereinatol .2013



Recommendation or newborns < 32 weeks’ gestation

« Maintain delivery room temperature >73.4°F (23°C)

» Prepare equipment in anticipation of delivery: Radiant
warmer, plastic wrap, caps, warm blankets, thermostable
gel mattress

 After birth, place preterm infant in a plastic bag/wrap

without drying, and place a cap on the infant’s head;
term infants can be dried and placed skin to skin.

Roychoudhury, Smita, and Kamran Yusuf. NeoReviews 2017.



Recommendation or newborns < 32 weeks’ gestation

« Apply temperature probe to the skin and select servo
control with target temperature at 98.6°F (37°C)

« Use warm blankets during transportation

« Use warm humidified air and warm boluses for
resuscitation

* Closely monitor temperature until admission to NICU
» Postpone bath

Roychoudhury, Smita, and Kamran Yusuf. NeoReviews 2017



Interventions for Neonatal Hypothermia

Preterm infant develops hypothermia after a bath

« Drying the infant well, especially the head and neck
areas

« Cover the infant’s head with a cap and then dress the
infant.

Roychoudhury, Smita, and Kamran Yusuf. NeoReviews 2017



Interventions for Neonatal Hypothermia

If a premature infant needs to be rewarmed
» Closely monitored vital sign every 15 to 30 minutes

« BP, HR and cardiac rhythm, RR and effort, oxygen
saturations, acid-base balance, and blood glucose levels

 Active rewarming : bradycardia or arrhythmia
hypotension

« Rewarm slowly by approximately 0.5°C per hour.

Roychoudhury, Smita, and Kamran Yusuf. NeoReviews 2017



Transfer from Incubator to Open Crib

Infant continues to have stable temperatures at
an incubator temperature of 29°C,

Weight at least 1,700-1,800 g
Consistent weight gain for at least 5 days

Some center
— switch to the air-control mode before weaning
— challenge the clothed infant

New K, Flenady V, Davies MW. Cochrane Database Syst Rev. 2011



Hyperthermia



Hyperthermia

» Core temperature > 37.5°C

 Occurs because of environmental factors leading
to overheating



Effects of Hyperthermia

Risk factors

Maternal fever occurs during labor and delivery
Environmental

Dehydration

Result in neurologic injury and an increased risk
of seizures.



Clinical of hyperthermia

Lethargy

Irritability

Apnea

Dehydration

Peripheral vasodilation and flushing
tachycardia

Tachypnea

Poor feeding



Thank you



