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AIMS AND OBJECTIVES:

To investigate the effect of breast milk and formula feeds on the
metabolic rate of term and preterm infants at differing post-natal ages.
Using measurement of oxygen consumption (Voz) and carbon dioxide
production (VCOQ}, it is possible to quamtiry tne respiratory quotient
(RQ) and the metabolic rate.

Background: - Measurement of oxygen consumption, carbon dioxide
production reflects biological oxidation of. substrate

utilized by the body and is dependent upon uptake of oxygen. Oxygen
uptake and carbon dioxide production in infants depends on many factors.
For example, body temperature changes which are closely related to
environmental temperature significantly affect the oxygen consumbtion
of the infants.

In infants temperature regulation depends on the following mechanisms:-
(i) Heat production, which is a chemical process based on biological
oxidation of nutrients inside the body. |

(ii) Heat loss from the body.

(iii) Behavioural thermoregulation, a complex mechanism which depends
on the neurodevelopment of the newborn infants.

Many researchers in the past who investigated this mechanism came to the

conclusion that an appropriate environmental temperature is important

to maintain a normal body temperature for the infant.

Oxygen consumption and carbon dioxide production measurement can be used

to investigate the effects of changes in body temperatures due to above

mechanisms.

There are other factors important in the measurement of oxygen uptake

and carbon dioxide production, these include state of sleep, type of

nutrition, activity state. All these factors for instance can change

the rate of oxygen uptake and



carbon dioxide production.

The measurement of oxygen uptake and carbon dioxide production
accurately requires an appropriate and reproducible methodology.
Method: -

We have investigated two methods to study the oxygen uptake, carbon
dioxide production using the principle of indirect open method.

The first involves the Delta Track Metabolic Monitor and the sécond by

using mass spectrometer.



INTRODUCTION:

Warm blood animals, children and adults can control their body

temperature over a wide range of temperature change in their

environment. Basically they achieve this by making physiological and
behavioural adjustment. There are three mechanisms which are involved
in this heat (temperature) regulation;

(a) Behavioural thermoregulation.

‘(b) = Heat production as a metabolic or chemical process essentially
based on the biological oxidative breakdown of nutrients inside
the body.

(c) Heat elimination or loss through a number of physical body
processes.

In the newborn animal behavioural thermal regulation is partly achieved

by the mother contributing her heat to the newborn and by the newborn

itself. An example of this behaviour is seen in the newborn seal who
may seek shelter from the blizzards of the Antarctic on the lee side of
his mother for a few days after birth but he quickly fills his tissue
with fat and moves from his mother's side to keep cool. Another
example - the newborn squirrel and hamster allow their body temperatures
to swing up and down with environmental temperatures by altering their
activity. The lamb has good thermal insulation and can withstand most
of the world's climates on the day of birth, providing it can dry off.

On the other hand one might consider that the tremendous metabolic

efforts of the newborn rat or rabbit to maintain body temperatures might

do more harm than good by exhausting fuel reserves. However it may be
misleading to consider weight and thermal insulation alone. Both the
rat and the rabbit came from large litters with specially prepared nests
which provide very good thermal insulation. Thus, the true body size,

zexposed surface area ratio and effective thermal insulation permit the
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newborn of both species to maintain thermal control over much wider
ambient temperature range than would otherwise be possible. The
provision of the nest is a behavioural response of the parents, huddling
together is a behavioural response of the young. Both are important in
maintaining the stability of the newborn's body temperature as its own
thermoregulatory responses.

- Physiology of Temperature Control in the Infants:

Since the early 1960s it has been demonstrated that the newborn baby can
operate successfully over a range of environmental temperatures. This
is restricted when compared with that over which the adult can fgnction.
The newborn has a number of disadvantages including a relatively large
surface area, poor thermal insﬁlation and a small mass to act as a heat
sink, Furthermore he has little ability to conserve heat by changing
his posture and no ability to adjust his own clothing in response to
thermal stress, unlike the response of the adult. His responses may be
jeopardised by disease and adverse conditions such as hypoxia and drug
intoxication. DAY (1943) had shown that the thriving baby, aged one or
two weeks had all the responses of a homeotherm. SILVERMAN (1957 and
1958) and coworker deduced from their clinical trials that the newborn
baby also had these responses. Thus a normal baby challenged by heat
or cold shows typical homeothermic responses. In response to heat the
baby shows vasodilatation (especially in the hands and feet) which
favour increased rate of heat loss by radiation and convection. In
addition sweating occurs in association with rectal temperature above
37.2°C., thus favouring increased rate of heat loss by evaporation.

When challenged by cold on the other hand, the normal baby attempts to
conserve body heat by cutanous vasoconstriction and to maintain body

temperature by increasing heat production. To achieve all this he must
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have a sensory system to appreciate temperature (an affector arc), a
central control system and the means of adjusting heat production and
dissipation (an effector arc).

Affector Arc:-

As in the adult, cooling the skin produces a prompt and reproducible
metabolic response in the baby, showing the presence of skin receptors
(Bruk, 1961). Also of interest is that the trigeminal area of the face
shows a marked sensitivity to heat and cold (Mestyan, 1964). The
existence of central (thalamic) cold receptors is difficult to
demonstrate with precision in the human baby, although they can pe
inferred from the modification of response at different deep body
temperature.

Central Regulating Mechanism: In adult and newborn animals, there is
good evidence of a complex central regulating mechanism situated in the
area of the hypothalamus. In the human infant, such an area can be
inferred and can be confirmed by experiments of nature such as the
studies of CROSS (1966) on an anencephalic infant. The central
thermostat is not set at a fixed and unvarying temperature, it undergoes
cyclic changes, falls about 0.5°C. with the onset of sleep (Day, 1941)
and is affected by Pyrogens, drugs and intrahypothalamic hormones as
noradrenalines. Despite that, the set-point deviation can be
considered a form of cold adaptation. There is no good evidence to
suggest that the set-point of a newborn (around which temperature is
regulated) is normally different from that seen in later life (Bruk,
1968). This control centre>can of course be rendered partially or
totally ineffective by various drugs and by diseases such as
intracranial haemorrhage, gross cerebral malformation, trauma and severe

birth asphyxia.



Effector Arc:-

Vasomotor control: From birth there is a welldeveloped ability to
control skin blood flow, even in very small infants. It should be
remembered that despite this ability, a baby's total thermal insulation
is poor compared with that of the adult.

Increased heat production: The ability to increase heat production is
a consistent phenomenon in the healthy baby, even if prematurely born
(Adamson, et al., 1965) and (Scopes, et al., 1966). This heat
~production may be produced by shivering, with other muscular activity or
lnon—shivering thermogenesis. The main increase in heat production'
ioccurs in babies in the absence of shivering, although at very low
?environmental temperature (15°C.) shivering may be observed.
gFrom animal and human studies it can be inferred that in the human
iinfént the thermogenic effector organ, brown fat, contributes the
ilargest percentage of non-shivering thermogenesis. Brown fat accounts
ifor about two to six percent of total body weight in the term human
infant. Brown fat is found at the nape of the neck, between the
'scapulae, in the mediastinum and surrounding the kidneys and adrenals.
Brown fat differs both morphologically and metabolically from the more
abundant white fat. The cells are rich in mitochondria and contain
numerous fat vacuoles compared with the single vacuoles in white fat.
There is also an abundant blood and sympathetic nerve supply. Its
metabolism is stimulated by norepinephrine released through sympathetic
innervation, resulting in conversion of triglyceride by hydrolysis to
free fatty acids and glycerol. The dependence of the newborn on brown
fat non-shivering thermbgenesis has important practical consequences

because this effector mechanism may be rendered useless by hypoxia,
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blockade by certain drugs and nutritional depletion.

In fasted newborn rabbits, although kept warm (35°C.), there is little
utilization of brown fat. If, however, on the second day they are kept
in a cool environment (30°C. to 25°C.) they show major depletion of
brown fat stores. When the metabolic response fails, brown fat and
white fat are both virtually depleted of lipid (Hardman, et al
1969). No evidence is available to assess how long the response to
cold stress lasts in the human baby or to what extent the human infants

depend on non-shivering.



Thermogenesis -

Despite considerable enquiry, the precise mechanisms whereby the brown
adipose tissue mitochondria release the chemical energy in fatty acids
as heat are still not known. Also the mechanisms that control the
growth and the thermogenic performance of the tissue in the newborn

period are not understood (Hull, et al, 1969).

-Evidence suggests that the thermogenic capacity of brown fat begins to
decline soon after birth and that in the preterm infants it does not
reach the performance level it might have achieved if intrauterine
development had not been interrupted.

Sweating: Newborn term infants have six times as many functional sweat
glands per unit area as adults, but the peak response of each gland is
only about one third that of an adult gland (Foster, et al, 1969).

One might therefore expect the baby's response to warm stress to exceed
that of an adult, but in fact, the term baby only increases insensible
water loss about fourfold when a warm environment has increased his
rectal temperature to 37.8°C. (Hey, et al, 1968). This only represents
the dissipation of his basal metabolic rate; it follows that in a heat
gaining environment the risks of hyperthermia are great.

Babies born about eight weeks before term have virtually no ability to
sweat and even in a baby born three weeks before term sweating is
severely limited and largely confined to the head and face.
Interestingly, sweat production matures relatively rapidly in preterm
babies after delivery; a four week old baby born at thirty weeks
gestation can therefore withstand heat stress better than a newborn baby
of thirty-four weeks gestation (Rutter, et al, 1979).

Heat Loss: Heat transfer within the body or loss to the environment

can be divided into two main types, (1) from within the body to the
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surface of the body (internal gradient) (2) from the body surface to
the environment (external gradient). A third pathway is from within
the body into the cold gas stream introduced by a thoughtlessly managed
respirator.

The physiological control mechanisms of the infant may alter the
internal gradient (the vasomotor) to change skin blood flow. The
external gradient is of a purely physical nature. Both the large
surface/volume ratio of the infanfs (especially those below 2 kg.) in
relation to the adult and the thin layer of subcutaneous fat increase
the transfer in the internal gradient. The heat transfer from tbe
surface of the body to the enviromment involves four mechanisms of loss
(1) radiation (2) conduction (3) convection (4) evaporation of water.
This heat transfer is complex and the contribution of each component
depends on the temperature of the surrounding (air and walls) air speed
and water vapour pressure. Because conduction depends on the thermal
conductivity of the substance in contact with the body, and because
infants are usually laid on a mattress of low conductivity, thermal
exchange through this mechanism is usually small,

Convective exchange depends on air speed and air temperature and, with
radiation, represents a major channel of heat loss, varying inversely
with environmental air temperature.

Evaporative loss depends on air speed and on absolute humidity of the
air (Okken, et al, 1982), (Thomson, et al, 1984), (Hammarlund, et al,
1980). This only represents a small fraction of all heat loss in a
clothed baby or in a baby nursed in a regular warm-air incubator of
moderate humidity. When a very immature baby with a thin skin is
nursed under a radiant overhead heater in an environment of low relative

humidity, it becomes a major fraction of all heat loss.
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In environments warmer than the body, it represents the only means of
heat dissipation. Draughts materially increase convective and
evaporative losses.

Radiant heat loss depends on the presenting surface area and surface
temperature of the body compared with the temperature of the receiving
surface, and radiation accounts for a major propértion of all heat loss
in a naked baby in an incubator (Hey, et al, 1967), (Wheldon, et al,

1982).



Respiratory Physiology:

Priestley discovered oxygen in 1772 and Lavoisier elucidated its role in

respiration. The application of their discovery in human physiology'%md’+°*k¢

unﬂuﬂw%a
her%yoxygen transferred air to the cells in the body.

Since the inspired air contains 20.9% oxygen at normal barometric
pressure (760 mmHg.), the partial pressure of oxygen (POZ) in the
inspired air is 149 mmHg.

The partial pressure of a gas is found by multiplying its concentration
by the total pressure, for example:-

Dry air has 20.93% O

o
Its partial pressure (P02) at sea level (760 mmHg.) is;
29.93 x 760 = 159 mmHg.

100
When air is inhaled into the upper airways, it is warmed and moistened,
since the water vapour pressure is 44 mmHg. the total dry gas pressure
is only 760 - 47 = 713 mmHg.
The PO2 of inspired air is therefore:-

20.93 x 713 = 149 mmHg.

100
A liquid exposed to a gas until equilibration takes place has the same
partial pressure as the gas.
In the exchanging regions of the lung alveolar level oxygen transfer
starts with convective transport. When ambient air is inhaled and

delivered to the alveoli in the lung, the PO, in the alveoli is about

2
two thirds of that in the inspired gas. This is due to humidification
in the airways which dilutes all the inspired gases, the dilution by

carbon dioxide, which is delivered to alveoli by blood returning from

tissues, and loss of alveolar oxygen to the blood flowing through the



lungs.

The next step in gas exchange is by diffusion through the
alveolar-capillary membrane into the blood.

The arrangement of gas spaces and capillaries in the lung is an
efficient one and the PO2 of arterial blood is thus normally close to
the alveolar P02.

The cascade continues with 'convective transport of oxygen' via'the-
arterial blood to tissue capillaries, where diffusion carries oxygen
away from the blood through the capillary endothelium, extra cellular
fluid and cell membranes to the intracellular space.

As a result of this loss to the tissue, the PO2 in venous blood (about
40 mmHg.) is considerably lower than that in the arterial blood.
However, the PO2 in the tissues is even lower than that in the venous
blood, due to the limited rate of diffusion and ongoing utilization of

oxygen. In the mitochondria where the rate of oxygen consumption is

greatest, PO2 is lowest.
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Oxygen is carried in the blood in two forms:-—

(a) dissolved (b) in combination with haemoglobin
(a) Dissolved oxygen obeys Henry's law which states that the
concentration of gas dissolved in a liquid is proportional to its
partial pressure. As a result, for each mmHg. of PO2 there is
0.003 ml.02/100 ml. of blood, so the normal arterial blood with
PO2 of 100 mmHg. contains 0.3 ml.02/100m1..
The dissolved route of transporting oxygen is inadequate because of the
volume of blood passing through the lungs each minute (Q). This amount
can be calculated using the Fick principle which states that the oxygen

consumption per minute (VO,) is equal to the amount of oxygen taken up

2
by the blood in the lungs per minute.

Therefore @ = V02 where CVO02

02 concentration entering lungs

Ca02 - Cv02 Ca02

02 concentration leaving !IIEIUMQ§
Qoz is measured by collecting the expired gas in a large spirometer and
measuring its oxygen concentration. Mixed venous blood is taken via a
catheter in the pulmonary artery and arterial blood by puncture of the
brachial or radial artery.

Pulmonary blood flow can also be measured by the indicator dilution
technique in which dye is injected into the venous circulation and its
concentration in arterial blood is recorded.

The Fick and indicator dilution methods give the average flow over a
number of heart cycles.

(b) Oxygen combined with haemoglobin is mainly in chemical combination.
Haemoglobin consists of Haem as an iron-porphyrin compound, combined

with the protein globin which consists of four Polypeptide chains. The

chains are of two types; alpha and beta. Differences in their amino -
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acid give rise to various types of human haemoglobin.
The commonest variety of haemoglobin is known as Haemoglobin A.
Oxygen forms an easily reversible combination with haemoglobin (Hb.) to
give oxyhaemoglobin 02 + Hb., ——- Hb.02.
The amount of oxygen combined with Haemoglobin depends on the partisl
pressure of oxygen (P02). Each gram of haemoglobin binds 1.3 volumes %
of oxygen. When air is breathed at sea level the artefiél'POZ'ié
97 mmHg. and haemoglobin is more than 98% saturated with oxygen. This
is demonstrated in the oxygen haemoglobin dissociation curve.
It was not until the end of the eighteenth century that Priestlgy
discovered carbon dioxide and Lavoisier described its role in
respiration. A century later Miesher demonstrated its effects on the
respiration.
How is carbon dioxide transferred and eliminated from the body?
Carbon dioxide is carried in blood in three forms; dissolved, as
bicarbonate and in combination with proteins as carbamino compounds.
Dissolved carbon dioxide, like oxygen, obeys Henry's law. Since carbon
dioxide is some twenty times more soluble than oxygen, about 10% of the
gas that is delivered to the lung from the blood is in the dissolved
form.
Bicarbonate is formed in blood by the following sequence:-

CA

C02 + H20 ~— H2C03 --- H+ + HCO3
<

The first reaction is very slow in plasma but fast within red blood cell
because of the presence of the enzyme carbanic anhydrase (CA). The

second reaction, ionic dissociation of carbgnic acid, is fast without an
enzyme. When the concentration of these ions rises within the red cell

diffuses out but HY cannot easily do this because the cell membrane
HCO3
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is relatively impermeable to cations. So to maintain electrical
neutrality, chloride ions (cl” ) diffuse into the cell from the plasma,
the so-called chloride shift. The movement of chloride is in
accordance with the Gibbs-Donnan equilibrium.
The H' ions liberated are bound to haemoglobin:-
+

H'= Hb.0_ —aH' Hb. + O
2 =

2
This occurs because reduced Hb. is less acid than the oxygenated form.
The presence of reduced Hb. in the peripheral blood helps with the
loading of carbon dioxide while the oxygenation which occurs in the
pulmonary capillary assists in the unloading.
The fact that the deoxygenation of the blood increases its ability to
carry carbon dioxide is known as the Haldane effect.
Carbamino compounds are formed by the combination of carbon dioxide with
terminal amine group in blood proteins:-

Hb. NH'2 + COZ:Hb. NH. COOH
This reaction occurs rapidly without an enzyme and reduced Hb. can bind
more carbon dioxide than oxyhaemoglobin. Once again unloading of
oxygen in peripheral capillaries facilitates the loading of carbon
dioxide while oxygenation has the opposite effect.
Pulmonary Function Testing in the newborn has helped clarify the many
differences in respiratory function between the neonate and older
subjects. It has also helped our understanding of the pathophysiology
of different diseases which has contributed to the development of more
effective modes of therapy. On the other hand technical difficulties
including the size of the patients, their inability to cooperate and the

absence of appropriate equipment, makes difficult the routine

measurement of respiratory function in the neonates. These problems
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have restricted the use of pulmonary function pesting in neonates to
research laboratories. To know the oxygen consumption you must know
the lung volume because the determination of lung volume is a valuable
adjunct to other volume dependent pulmonary function tests.

Functional Residual Capacity (FRC) The Functional Residual Capacity

includes only the volume of gas in communication with the airways and is
defined as the volume of gas in the lung after a normal expiration.

One method of measuring Functional Residual Capacity in newborn is the
closed-system, Helium-dilution technique. In this method the infant's
airway is opened by means of a stopcock at the end of expiration to a
bag containing a known volume and concentration of helium, which is
insoluble in blood. After thirty to sixty seconds (if the distribution
of gas in the lung is normal), the helium concentration in the bag
stabilizes at a lower value. This decrease in bag helium concentration
is proportional to the lung volume in which the helium was diluted.

The Functional Residual Capacity is calculated using the following
equation: -

FRC = (Cl x V1) - (C2 x V2)

va
Where Cl and Vl = the concentration and volume of helium in the bag at

the beginning of ¥ rebreathing, respectively, and C. and V2 are the

2
same value after rebreathing (Berglund and Karlberg, 1956), (Krauss and
Auld, 1970), (Ronchetti, et al, 1975).

Several problems can interfere with the accuracy of the measurement.

If carbon dioxide and water are absorbed in the system, there will be a
reduction in volume. To avoid falsely elevated helium concentration a

correction factor must be used. A leak in the system such as around

the face mask or endotracheal tube will interfere with the results .,

(fox et al, 1979)



The time required to achieve equilibrium of the helium between patient
and bag depends on the relationship between the tidal volume and the
dead space of the system, the respiratory rate, the initial volume of
the bag and the distribution of the inspired gas.

Infants with airway disease and impaired distribution of ventilation
require prolonged rebreathing to reach equilibration, so the sampled gas
must be recirculated to the system to maintain the volume constant.
During prolonged rebreathing, acute hypercapnia occurs and carbon
dioxide output becomes smaller than oxygen consumption. This reduces
the final volume of the system which alters the result.

Functional Residual Capacity can also be measured in the newborn by
nitrogen washout (Nelson and Prod'hom, 1962). The infant breathes 100
- percent oxygen in an open system and the expired gas is collected in a
spirometer. Tha analysis of nitrogen concentration in the spirometer
and in the end-tidal or alveolar gas after washout of nitrogen from the
lung allows determination of Functional Residual Capacity. There is
another method where inspite of collecting all the expired gas, the
nitrogen washed out from the alveolar gas can also be measured by
continuous analysis and integration of the nitrogen concentration in
exhaled gas (Richardson and Anderson, 1982). This method has the
advantage of reducing the time required to perform the test from several
minutes to a few seconds and can also be used during mechanical
ventilation but it is not accurate in a patient with abnormal
distribution of ventilation.

This problem can be prevented by having the infants breath from a
continuous flow of oxygen or oxygen and helium and measuring and

integrating the nitrogen concentration after the gas passes through a
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mixing chamber placed in the exhalation side of the system (Gerhardt,
et al 1985). This method is easy to perform and the washout can be
prolonged as much as it is necessary in infants with poor distribution
of ventilation.,
Functional Residual Capacity can be measured by washout of any
measurable gas that is biologically inert and is nonabsorbable or nearly
so. ,
The indicator dilution methods for determining the lung volume are
basically static applications of the dynamic Fick principle which
concerns itself with volume flow over units of time.
An accurate measurement of tidal volume (which is the volume of air
breathed in or out during quiet respiration) is essential to the
calculation of minute ventilation. Tidal volume can easily be measured
but it is sensitive to an increase in dead space and flow resistance
produced by the ﬁesting apparatus.
Dead space may be defined as:-
(1) Anatomical dead space.
(2) Physiological dead space.
In health the two volumes are very nearly the same. The anatomical
dead space is simply the internal volume of the airways between mouth,
nose and alveoli. The Physiological dead space includes this volume
and two additional volumes, (i) the volume of inspired gas which
ventilate the alveoli which receive no pulmonary capillary blood flow
and (ii) the volume of inspired gas which ventilate the alveoli in
excess of that volume which is required to arterialize the blood in
their local pulmonary capillaries.
In patients with lung disease the Physiological dead space may be

considerably larger because of inequality of blood flow and ventilation



within the lung.

The anatomic dead space can be measured by using Bohr equation:-

VD = FACO2 - FECO2 x VT
FACO2
VD = Dead space
FACO2 = alveolar fraction of 002
FECO2 = Carbon dioxide concentration in mixed expired gas
VT = Tidal volume

Alveolar carbon dioxide can be measured by rapid CO_, analyzer; the

2
FECO2 requires the collection of expired gas with a non-rebreathing
value.

The Physiological dead space can be calculated with the same equation
using arterial PCOZ:—
= PaC02 - PECO2 x VT

PaC02
By analysing the collected expired gas it is possible to determine the
carbon dioxide production, oxygen consumption and alveolar ventilation

using this equation:-

L4

VA = VC02/FACO2 x 100

Where {/CO2 = CO2 production
FACO2 = percent of CO2 in alveolar gas
QA = Alveolar ventilation

The limitations of this method are the need for a low dead space and low
resistance value and the measurement of alveolar gas which is difficult
in small infants due to their high respiratory rate and small tidal
volume.

Plethysmography has been used to measure the tidal volume in small

infants (Karlberg, et al, 1960). In this technique the infant is



- 18 -
placed in a box of known pressure created by a pressure transducer, and
by pumping a known volume of gas in and out of the chamber. During
inspiration the increase in chest volume produces an increase of
pressure in the chamber which is measured by a differential pressure
transducer. The chamber is affected by change in temperature and the
ambient pressure. By using a Pneumatochograph (Ahlstrom, and Johnson,
1974) these changes can be minimised producing a constant pressure
system. The disadvantages of Plethysmography is that these are
unfortunately expensive and delicate electronic apparatus; access to
the baby is difficult; adequate face seal is difficult to obtain and a
closed circuit is required.

Pneumotachography has been used to measure Tidal Volume in infants

connected by a face mask. The gas flow through the Pneumotachograph
produces a different pressure between the two ends of a flow resistor
which can be measured by using differential pressure transducer and the
air flow transformed into tidal volume by an electric integrator
(Grenvik, et al 1966).

The problem with the Pneumotachograph is the temperature which affects
the diameter of the tube and may alter the resistance. Therefore
calibration must be done using a gas of the same composition and
temperature as breathed by infants. This affects gas viscosity. The
use of nosepiece and face masks may alter normal respiratory pattern
(Fleming, et al 1982), and cause marked increase in tidal volume and
decrease in respiratory frequency as well as anxiety and discomfort to
babies (Askanazi, et al 1980).

Inductive Plethysmography is a method of measuring tidal volume without

physical connection by mouthpiece or noseclip which was described by

Cohn et al, 1978. It has been used by Tabachruk, et al 1981
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and it measures the changes in the chest and abdominal volume by
detecting the respiratory changes in inductance between coils placed
around the chest and abdomen. The system requires a careful
calibration and is sensitive to body position and paradoxical movements

of the chest wall.



Heat Balance:

In the state of energy equilibrium, heat loss balances heat production.
If production exceeds loss, the body temperature rises and if heat
losses exceed production, body temperature falls.

Heat production is produced by the metabolic activity of the body
tissues. Metabolic rate is by definition:- the energy expenditure
necessary to maintain basic physiological functions under standardized
conditions. The metabolic rate is difficult to measure in a newborn
who is rarely awake and quiet. As a compromise it is usual to measure
the resting metabolic rate which can be described as the metabolism of
an infant who is asleep, fed more than an hour before and in a neutral
thermal environment. Under these conditions the heat production of the
healthy term newborn is similar to that of an adult if expressed per
unit weight, but it is half that of an adult when expressed per unit
surface area.. So the surface area determines the heat loss. The
resting metabolic rate is similar in term and preterm infants when
expressed per unit weight, but considerably lower in preterm infants
when expressed per unit surface area. Because of this, the newborn
infant requires a much warmer environment than the adult and the preterm
required a warmer environment than term infants (Hey and Katz, 1970).
The resting metabolic rate rises in the immediate newborn period
(Scopes and Ahmed, . 1966).

In Paris in 1900 Budin was concerned about the importance of adequate
environmental warmth in the care of small babies. When he clothed all
his babies and covered them with light blankets he came to the
conclusion that this was not enough for smaller babies. He then
promoted and popularised the idea of nursing the more vulnerable babies

fully clothed in specially constructed incubators. Blackfan and Yaglon
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in 1933 reached the same conclusion about the environmental temperature
and developed the use of an air-conditioned nursery in Boston. Hey and
0'Connell in 1970 concluded that in the normal neutral thermal
environment condition there is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>