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Skin of the very premature newborn -

physiology and care

Sonja Ani¢ Jurica', Ana Coli¢', Snjezana Gveri¢-Ahmetasevi¢', Damir Lon¢arevic',
Boris Filipovi¢-Gr¢ic¢?, Jasminka Stipanovi¢-Kasteli¢?, Arnes Resic¢?

Skin is a multifunctional human organ. It has a protective, requlatory and sensory function. Skin of the very premature newborn is

underdeveloped with deficient functionality and has to be observed and treated as an immature organ in need of special care and

interventions. Appropriate prevention and compensation of water and heat losses is obligatory as preserving the integrity of the skin

and therefore of the entire body.
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INTRODUCTION

Skin is the largest human organ. It is multifunctional with
protective, regulatory and sensory role. Skin is a barrier and
connection between the body and the environment. It pro-
tects the body from injuries, mechanical, chemical and bio-
logical stimuli, microbes, plays an important role in the reg-
ulation of fluids and temperature, and mediates senses of
heat, cold, touch, pain and comfort.

Skin of the very premature newborn <32 weeks of gesta-
tional age has immature structure and insufficient function.

We will briefly address some features of the very premature
skin that affect the function characteristics of medical con-
cern.

DEVELOPMENTAL AND FUNCTIONAL FEATURES
OF VERY PREMATURE SKIN

Skin consists of two layers, epidermis and dermis. Epidermis
is the superficial layer. Dermis is a deeper layer composed of
connective tissue. The outer layer of the skin begins as a
single layer and as development progresses it becomes
multilayered. After sixth months of pregnancy, epidermis
becomes a barrier between the fetus and external environ-
ment instead of participant in exchanges between the two
(1-3). At 21 weeks of gestation, the stratum corneum is
formed. As keratinocytes move from deeper layers to the
outer layer of stratum corneum, they lose their nuclei. At 28
weeks, the stratum corneum consists of two or three cell

layers. By 32 weeks, there are more than 15 layers that are
equivalent to adult skin. In premature newborns of <32
weeks of gestational age, stratum corneum is very thin.
Such immature stratum corneum does not sufficiently pre-
vent transepidermal water loss, absorption of external
agents and invasion of microbes (1-9). Birth with exposure
to external environment stimulates and accelerates matura-
tion of epidermal barrier in prematures. Stratum corneum
matures rapidly till the end of the first week of life but
achieving full maturation may take more than four weeks.
The process of maturation differs with gestational age; with
less than 25 weeks of gestational age, it takes eight to ten
weeks for stratum corneum to mature, while in those of
more than 27-28 weeks of gestational age it reaches full ma-
turity in about ten days. Birth triggers cornification of kerati-
nocytes in the epidermis. Accelerated formation of stratum
corneum is responsible for increased desquamation and
flakiness. Dry flaky skin is a weak barrier. During develop-
ment, visible changes of the skin occur. Immature skin is
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gelatinous, almost transparent and loses transparency as it
matures, i.e. thickens and gets keratinized (1-9).

Palmoplantar eccrine sweat ducts are first to develop of the
secretion apparatus; by 22 weeks, they open to the skin sur-
face and join the secretory cells of the eccrine sweat glands.
Maturation of the eccrine apparatus elsewhere on the body
follows at 24-26 weeks. Depending on the site, eccrine
glands produce sweat in response to an increase in tem-
perature (thermal sweating) or to pain or emotional stress
(emotional sweating). Prematures do not show thermal
sweating immediately after birth but maturation is acceler-
ated after birth, so some degree of thermal sweating exists
at the age of 2 weeks. Emotional sweating is confined to
palms and soles. Preterm infant at 27 weeks shows evidence
of mild palmar sweating but there is no accelerated postna-
tal maturation (4).

Formation of sebum glands starts at 16-18 weeks but peaks
in third trimester. Vernix is a natural white cream wraper
made of sebum and shed cells in the last trimester of preg-
nancy. It protects the skin from constant exposure to amni-
otic fluid. Vernix makes the fetus waterproof during the time
of epidermal barrier development. It also preserves water. In
very premature newborn, there is no or little vernix (1-3,
5-11).

By the fifth month, differentiation of arterioles, venules and
capillaries can be recognized but considerable maturation
of dermal blood supply occurs after birth (2, 4).

Sensory nerve endings are visible at fourth month and the
fetus can respond behaviorally, physiologically and hor-
monally to touch and pain by 20 weeks. The sensory nerve
endings are well developed in the newborn regardless of
maturity. More mature infants show habituation to repeat-
ed stimulation but the most immature infants show sensiti-
zation (1-4).

At about 26 weeks of gestational age, deposition of subcu-
taneous fat begins. The amount of subcutaneous white fat
increases with advancing pregnancy. Brown fat is a deeper
structure, located mostly at the root of the neck, behind the
sternum and in perirenal area. It starts to form around 17-20
weeks of gestation. It is specialized adipose tissue that pro-
duces heat by oxidizing fatty acids. In premature newborns,
itisincompletely developed (1-3).

LOSSES OF WATER AND HEAT

Newborns dissipate heat by four mechanisms: evaporation,
conduction, convection and radiation. In thermoneutral en-
vironment, regulatory changes of heat production or evapo-
rative losses are not initiated. Such environment is important
for the newborn not just for survival and growth but for stabi-
lity of many physiological functions as well (12, 13).
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At birth, premature newborn exits a warm and moist envi-
ronment into cold and dry one and loses water and heat
due to evaporation. The amount of transepidermal losses
depends on the body surface, so in prematures the in-
creased ratio of body surface and body mass is an addition-
al factor for increased transepidermal losses in immature
skin. During the first four weeks of life, transepidermal loss
of water and gestational age and body mass are transpor-
portional. Small prematures have higher blood flow through
the skin and more water per kilogram body mass, which
also increases the losses. Transepidermal losses and there-
fore demands decrease towards the end of the first week of
life as stratum corneum matures and becomes less perme-
able for water but at four weeks of age it may still be double
than the loss of the term newborn. High losses may result in
hypernatremia dehydration, but losses of sodium, potassi-
um and chlorine are possible as well. Skin damage increases
the losses. Damage may occur due to thermal, chemical
and mechanical injuries that are common in prematures. It
may be caused by blood sampling and positioning of intra-
venous routes, removal of adhesive tapes and leads, or pro-
longed exposure to antimicrobial substances. Losses are
also increased by skin manifestations or function impair-
ment due to nutrient deficiency requiring high daily inputs
in prematures such as proteins, essential fatty acids, vita-
mins A, D, C and B. Increased motor activity and crying in-
crease the losses by up to 7% (3, 6, 14).

Amniotic fluid that covers the baby after birth also wastes
heat by evaporation from the body. Without intervention,
body temperature would fall 0.2 °C to 1 °C per minute due
to quick cooling by convection from newborn skin to deliv-
ery room air and by fast evaporation. Conduction after birth
has small impact because newborn is in contact with wraps
of low conductivity. Losses by radiation on cold surround-
ing objects such as incubator walls are also possible. In-
creased activity such as crying and agitated motions due to
exposure to coldness, vasoconstiction, thermogenesiss
without shivering appear immediately after exposure to
cold air. Sense to coldness increases metabolism up to 2-3
times to preserve temperature for few hours in term new-
born until reserves of glycogen and brown fat are exhaust-
ed. Prematures with immature thermogenic response and
without metabolic substrate reserves that are stored in the
last trimester of pregnancy cannot adequately react. Due to
systemic and pulmonary vasoconstriction relative hypoxia
may occur. In the presence of dermal vasonstriction, skin
temperature falls relative to deep body temperature, thus
increasing the core-skin temperature gap. Greater gap can
reflect wellbeing of the newborn (13).

Temperature of the environment beyond neutral zone en-
hances heat and water losses without increasing body tem-
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perature. Increased body temperature either caused by fe-
ver or external source increases the losses. Newborn has
limited possibility to sweat and prematures do not react
with sweating to increased temperature in early postnatal
period. Non ionizing radiation energy in the form of open
heaters and phototherapy increases losses by up to 50% (4,
6,7,13).

PREVENTION AND COMPENSATION OF WATER
AND HEAT LOSSES

Recognizing the mechanisms of water and heat losses en-
ables us to prevent or at least reduce them and compen-
sate for them. Premature newborns cannot survive outside
the uterus without interventions due to high losses of heat
and water.

After birth, prematures are wrapped in plastic/polyethylene
wraps, bags or foil without drying and placed in the incuba-
tor to prevent exposure to coldness. Increase of humidity in
the incubator significantly decreases water losses and con-
sequently additional losses of heat by evaporation. There
are no uniformed protocols for humidity in the incubators
for very premature newborns in neonatal intensive care
units. Protocols differ in duration, weaning and gestational
age at which certain patterns are applied. Most units start
humidity at >80% for babies <28 weeks of gestational age,
keeping it that way for the first week and then start weaning
by 0.5%-10% per day until 40% is reached. In some units,
gestational age for this pattern is lower and in others higher.
Some keep humidity at 70%-80% for those at 28-30 weeks,
some for those up to 32 weeks, for a day or three days and
then start weaning with completion within a week. Some
keep the humidity until 32 weeks corrected for age is
reached. Some keep it at 40%-50% for a month. In prema-
tures of <26 weeks of gestational age, high humidity may
be required for up to 4 weeks to cope with high sodium
level. Prolonged humidity delays maturation of the skin. Hu-
midification is obligatory for the first week in prematures of
less than 30 weeks of gestational age (3, 13-21).

Thermoregulation of the child in the incubator is regulated
by settings of the incubator. Servo control is preferred for
very premature babies keeping the auxiliary temperature
between 36.5 °C and 37 °C. It is necessary to check the core
temperature due to the possible differences between pe-
ripheral and core temperature in such prematures, which
may reflect some adverse conditions. In more stable babies,
servo control may not be obligatory (13).

Plexiglas shields that protect from temperature increment
are effective in prematures in incubators, especially those
treated with phototherapy (13-17).
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Open heaters with non ionizing radiation and heated mat-
tresses are also used in prematures of higher gestational
age and more postnatal days. Capacity of the baby for suf-
ficient thermoregulation to be taken out of the incubator is
primarily defined by the overall state of the child. Some
units test the capability of the child to preserve adequate
temperature. Most units base the decision on the body
mass reached. Previously recommended weight when ba-
bies were dressed in clothes and kept in cribs was 1800
grams. However, researches have shown that it prolongs
their hospital stay. Newly recommended weight for taking
babies out of the incubator is 1600 grams, of course, if the
baby is stable enough (13-18).

The skin to skin method is adopted in neonatal units and if
processed appropriately, by covering adequately parts of the
baby that are not in skin to skin contact, in warm room, the
method shows no drops in temperature of the child while
carrying other benefits that will be addressed later (22).

Appropriate hydration of keratinocytes is essential for nor-
mal skin maturation, optimal barrier against external influ-
ences, and maintaining the balance of temperature, water
and electrolytes. Adequate recoupment is crucial for the
functioning of the body. Precise balance of water and elec-
trolytes is most important, especially in prematures. Losses
of fluids are supplemented intravenously. Supplementation
is traditionally defined by standardized compensation crite-
ria measuring losses according to body mass, urine and
stool losses and results of extracellular electrolytes, all indi-
cators with time lag. It is necessary to secure adequate in-
put of proteins, essential fatty acids, zinc, biotin and vita-
mins (3, 14).

PRESERVATION AND CARE
OF THE VERY PREMATURE SKIN

Newborn care and treatment means constant interaction
with the skin, so preservation of the skin integrity is a chall-
enge. The skin of prematures is especially sensitive to exter-
nal influences, so many clinical interventions that are nece-
ssary for survival of the premature newborn may damage
stratum corneum. If the basal cell layer which generates the
epidermis is not disrupted, the wound heals without sca-
ring. If the basal layer is damaged, healing takes place by
scar formation. It is important to monitor the integrity of
premature skin (4).

Some neonatal intensive care units use emollients. Emolli-
ents decrease transepidermal losses of water and protect
against microbes. Creams and ointments, paraffin and other
oils that decrease transepidermal water losses improve skin
integrity and stabilize surface temperature without chan-
ging skin flora. However, recommendation that prevails is
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the use of emollients and other ointments exclusively in ca-
ses of extreme dryness, cracking of the skin and fissures (3,
14,23-25).

It is necessary to minimize additional skin damage by mo-
derate use of self adhesives, tapes and electrodes. Silk tapes
or paper tapes are recommended for securing probes and
tubes. For coverage of the places that demand visibility, e.g,,
insertion of intravenous catheters, transparent polyuretha-
ne adhesives are used. Protective adhesive hydrocolloid co-
vers with pectin are used at sites of frequent adhesions, e.g,,
tubes, probes and longterm contacts with medical devices
such as masks and nasal catheters. These covers protect
from microorganisms, stop water losses and help healing.
Silicone adhesives are an example of new technologies in
this area. Means that help removal of adhesives and reduce
skin damage are developed but not recommended in pre-
matures, where the use of warm water is practiced. Dama-
ged places are covered with hydrocolloids and hydrogels (3,
12,23, 25-27).

Limitation of bathing is recommended with avoidance of
detergents until at least 2 weeks of life. Warm water and mo-
ist cotton are used in warm and draft-free environment.
Due to high range differences in chemical composition of
wet wipes with the risk of damage and toxicity, they are not
recommended in the first few weeks of life in premature
newborns (3, 28).

Waterproof features of vernix are proven. Not removing ver-
nix after birth protects the skin of drying. Although nonre-
moving vernix is not standard practice, aggressive remo-
ving at first bath is not recommended. Vernix is created in
third trimester of pregnancy and therefore is seen rarely in
traces in very premature newborns (6, 24,29).

In antimicrobial preparations for invasive procedures, chlor-
hexidin solutions in alcohol are recommended at the time.
Some cases of chemical burns in prematures have been re-
ported but there is no adequate replacement so far. Rinsing
with warm water as soon as possible is advisable for preven-
tion of burns (3, 14, 30, 31).

Awareness of composition and amounts of substances in
topical application including antimicrobial agents, wet wi-
pes, ointments, creams, adhesives and covers is necessary
(3, 14).

In contact with the child, it is mandatory to have clean dis-
infected hands and gloves when necessary (24, 25).
SKIN “TALK”

Newborn skin gives us information about the condition. Cya-
nosis, pallor, redness and marbling are some of visible signs of
newborn pathology. Saturation and desaturation of blood
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with oxygen, blood supply and blood thickness reflect on the
appearance of the skin indicating the possible conditions
such as congenital heart diseases, hypoxia, ischemia, anemia,
hyperviscosity, bleeding, hypotension, shock, sepsis, hypo-
thermia, hyperthermia, stress, and others. By touching the
skin we can feel if it is warm, cold, dry, wet, sweaty, rough, as
an additional indicator of the state of the child. Stress reacti-
ons, manipulation, pain, sound, light and fear may be reflec-
ted on the appearance and color of the skin. Additionally,
emotional sweating may occur (6, 11, 33-35).

NEUROLOGICAL ROLE

Even in extremely premature newborns, the sensation of
touch is developed. Neurological system is developing and
neurosensors on the skin are very sensitive, so even slight-
est touch may be irritating and overstimulating. Manipula-
tions due to care and treatment, and necessary medical in-
terventions cause pain and stress and therefore may affect
migration of the neurons and longterm outcome. It has
been proven that individualized development approach
with minimizing stress and coupling of medical interven-
tions in defined periods result in not just better neurological
but also overall outcome. Yet, not all touches are stressful, as
some stimulate neurological development and have posi-
tive input on the wellbeing of the premature baby. So-
called nests that babies are kept in emulate intrauterine
environment where the baby touches and pushes walls of
the uterus with benefit for development. Previously ad-
dressed skin to skin care where the baby is skin to skin with
the parents has benefits on neurodevelopment, state of the
baby in terms of calmness and sleep organization that re-
flect on overall wellbeing (6, 31-35).

CONCLUSION

Skin of the very premature newborn must be observed and
treated as other organs with immature functions that are
in need of our help, interventions and care. If neglected,
detrimental outcome is unavoidable. Until our knowledge
about the mechanisms contributing to maturation of the
skin improves, therapy is directed to ensure compensa-
tion of insufficient function of immature stratum corneum.
Minimizing manipulation with the premature newborn is
necessary for preservation of the integrity of the skin and
the entire body.
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SAZETAK

KoZa vrlo nedonosenog novorodenceta
— fiziologija i skrb
S. Ani¢ Jurica, A. Coli¢, S. Gveri¢-Ahmetasevi¢, D. Loncarevic., B. Filipovi¢-Gréic,

J. Stipanovi¢-Kasteli¢, A. Resi¢

KoZa je multifunkcionalan organ. Ima zastitnu, requlacijsku i senzornu funkciju. KoZa vrlo nedonosenog novorodenceta nepotpuno
Jje razvijena i smanjene funkcionalnosti, stoga je treba shvatiti kao nezreli organ koji zahtijeva posebnu njegu i lijecenje. Primjerena

prevencija i kompenzacija gubitaka vode i topline obvezna je kao i ocuvanje integriteta koZe a time i cijelog organizma.

Klju¢ne rijeci: neonatalna jedinica intenzivnog lije¢enja; nedonosenost; fiziologija koze
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