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ABSTRACT
The aim was to describe current reports in the scientific literature on sleep in the intensive care environment and sleep deprivation
associated with painful experiences in premature infant. A systematic search was conducted for studies on sleep, pain, premature birth
and care of the newborn. Web of Knowledge, MEDLINE, LILACS, Cochrane Library, PubMed, EMBASE, Scopus, VHL and SciELO databases
were consulted. The association between sleep deprivation and pain generates effects that are observed in the brain and the behavioral
and physiological activity of preterm infants. Polysomnography in intensive care units and pain management in neonates allow comparison
with the first year of life and term infants. We have found few references and evidence that neonatal care programs can influence sleep
development and reduce the negative impact of the environment. This evidence is discussed from the perspective of how hospital
intervention can improve the development of premature infants.
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RESUMO
O objetivo foi descrever o estado atual na literatura científica sobre privação do sono associado a experiências dolorosas no prematuro e o
papel na evolução do sono em ambiente de terapia intensiva. Realizou-se uma busca sistemática para estudos sobre sono, dor,
prematuridade e programas de atenção ao neonato. Foram consultados as bases Web-of-Knowledge, MEDLINE, LILACS, Biblioteca
Cochrane, PubMed, EMBASE, Scopus, BVS e SciELO. A associação entre privação do sono e dor gera efeitos que são observados na
atividade cerebral, fisiológica e comportamental dos prematuros. A polissonografia nas unidades intensivas e o manejo da dor em
neonatos permitem comparação no primeiro ano de vida com crianças nascidas a termo. Encontraram-se poucas evidências de que
programas de cuidado neonatal podem influenciar o desenvolvimento do sono e diminuir o impacto negativo do ambiente. Estas
evidências são discutidas na perspectiva de como a intervenção hospitalar pode melhorar o desenvolvimento do prematuro.

Palavras-chave: sono, dor, prematuridade, polissonografia, terapia intensiva neonatal.

In recent decades there has been a considerable increase
in the number of premature births and in the survival rate
of these babies as a consequence of also increasing the effec-
tiveness of intervention in Neonatal Intensive Care Unit
(NICU). This relatively recent phenomenon has opened vari-
ous fronts of research on the development of the fetus outside
the uterus and its challenges. Among the areas that have
aroused more interest and generated publications are the
investigations on the development of sleep and pain percep-
tion and the future implications of sleep deprivation and
exposure to pain at early ages. The uterine environment is
suitable for the full growth and development of the human
fetus site. The challenge of preterm birth and hospitalization

in the NICU promotes an abrupt environmental difference for
newborns which can bring challenges for future development.
The instability of body temperature, weight loss, respiratory
stress, and continuous exposure to invasive procedures pos-
sibly perceived as painful, cardiac instability and neurodeve-
lopment disorders are common characteristics of premature
infants, especially those with very low weight, under 30 weeks
and subjected to long periods of hospitalization1,2.

Neurodevelopment changes result mainly of early birth
between late second or early third trimester of pregnancy,
during which the cerebral cortex and subcortical network
are immature and neuronal organization of the frontal lobe
has not yet occurred3. A case-control study conducted in
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premature of very low birth weight indicate that the incid-
ence of moderate to severe brain damage ranges from 15%
to 25%, and behavior problems and academic skills are pre-
sent in 40% of subjects from the beginning of school life4.
Brain damage can still bring delayed cognitive, motor and
sensory system dysfunction. Indeed, more than 50% of chil-
dren and adolescents born preterm have needed the support
of special education and monitoring by mental health ser-
vices throughout their life5,6,7.

While NICU is essential for the survival of newborns, the
invasive environment, constant exposure to light, high noise
level and noxious interventions generate stimuli that over-
load and damage the sensory system, and may have deleteri-
ous effects, changing the immature brain and its further
development. All these adverse conditions for development
may have direct implications in the short or long term, in
some physiological functions with behavioral implications
for the prematurely born baby and its development.
Among the most important and least studied physiological
functions in this population is the development of sleep
and its close relationship with the history of repeated experi-
ences of pain in the neonatal period. Although much has
been investigated on sleep and pain in premature, it can
be stated that little is known. However, a new line of
research has attracted interest, which is the interrelationship
between the neurophysiological processes associated with
sleep and pain in patients born prematurely. This article
seeks to outline the information available in the literature
on this interrelationship.

METHOD

The literature review was performed up to October 2013.
Prematurity, sleep, pain, intensive care and neonatal poly-
somnography were the descriptors used. Original research
and reviews were considered.

RESULTS

The Premature and their environment
Prematurity is marked by sudden changes in the quality

and intensity of sensory information reaching the baby by all
modes. The child in the womb is exposed to a sound intens-
ity level around 40-60 decibels (dB) while in the NICU envir-
onmental noise can reach 70-80 dB. This kind of change can
cause or enhance the occurrence of apneas, bradycardia,
changes in blood pressure and cerebral blood flow. The con-
stant artificial lighting can interfere with visual development,
increase the incidence of strabismus and cause changes in
the circadian rhythm8,9. These physiological changes occur
due to the immaturity of the Central Nervous System

(CNS), which has decreased autoregulation and autonomic
capabilities to deal with stress, and cannot limit or selec-
tively inhibit the stimuli received; consequently, it produces
an impact on the physiological balance.

The incidence of neurobehavioral changes remains high
and problematic when evaluating the effect of prematurity
on the development of the newborn. Among the factors con-
tributing to these changes are low birth weight and stress
caused by the NICU environment. It is considered that the
immature nervous system of preterm newborns may be
insufficient to process multiple and excessive stimuli com-
pared to what a newborn baby usually receives, including
repeated nociceptive stimuli of painful and invasive activities
of nurses and neonatologists in their daily actions during the
prolonged stay of the infant9.

Sleep and prematurity
Sleep varies significantly both in its structure and in its

functions with age. In the neonatal period it has a connec-
tion with the maturation of CNS, memory consolidation
and learning, maintaining energy, increased protein syn-
thesis and secretion of growth hormone (GH). The mechan-
isms involved in sleep and wakefulness are present even
before birth, and these are developed thanks to the circadian
cycle (CC), which like other biological cycles is characterized
by maintaining physiological functions1,7,10.

The CC is generated at 18-20th week of gestation in the
anterior hypothalamus, specifically in the suprachiasmatic
nucleus. At any age, it’s generated endogenously, and modu-
lated by exogenous factors such as light1,11,12. Recent studies
show that the circadian system is responsive to light in the
24th week of pregnancy, and low intensity of light can regu-
late the development of the biological clock1. The cycles of
sleep and wakefulness in the fetus vary between 40 and 60
minutes and the sleep pattern is characterized by long per-
iods ranging from minutes to hours13. In the last trimester,
the sleep-wake cycle of the fetus falls in line with maternal
sleep-wake cycle, so maternal diseases that alter this cycle
or the occurrence of premature birth may alter the devel-
opment of the circadian rhythm of the child. These effects
may be temporary, but primarily affect the most premature
infants13. Newborns sleep about 70% of the 24 hours and
adults sleep 25%-30%, 50% more than adults, suggesting a
strong relationship between sleep and growth, including
brain growth14.

Evidence from animal models has shown that rats
deprived of sleep have around 6%-8% reduction in the num-
ber of neurogenesis explaining how sleep deprivation has a
profound effect on synaptic plasticity and cognitive perform-
ance. The organization of the CC is associated with neural
maturation of neonates. The cycle is perceived immediately
after birth, but with the new environment, it is no longer
detected and only returns after the 3-4th week of postnatal
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life. After birth, there is a progression in the maturation of
the circadian system and sleep-wake rhythm, and after the
second month of life, the secretion of melatonin develops.
At three months old, a relative distribution of sleep and
wakefulness occurs during the 24 hours and the maximum
period of continuous sleep is three and a half hours.
During the first six months of life, major changes are seen
in the duration and distribution of sleep; the consolidation
of sleep occurs in this phase, and this is distributed during
the night, with naps during the day. At six months, the long-
est uninterrupted sleep period is six hours and this period is
followed by a long period of wakefulness1,7,15.

In the fetal period, sleep is divided into stages, which are
Active Sleep (AS), Quiet Sleep (QS) and Indeterminate Sleep
(IS). AS is compatible with Rapid Eye Movement (REM)
sleep in adults. This is the first type of sleep existing in onto-
geny, and it can already be identified in the 28-30th week of
gestation. It is controlled by the forebrain and brainstem and
it is characterized by REM, high physiological activity, irregu-
lar breathing and greater heart beat supply of oxygen to the
brain. In this sleep it is also possible to observe muscle ato-
nia that also affects the muscles involved in breathing, such
as the intercostal muscles and the upper airway, although
the diaphragm still retains its function12. In adults it is pos-
sible to observe the tonic movements of members, but in
fetuses and premature infants it is very difficult to assess this
parameter, because the movements of tonic activity before
the 36th week of pregnancy are very scarce. It is in AS that
the maturation and differentiation of the CNS and memory
consolidation occur and learning patterns of emotional
behavior develop7,12,13,16,17.

QS, compatible with Non Rapid Eye Movement sleep
(NREM) in adults, is already identified in the electroenceph-
alogram at 32 weeks of gestation, but is only well developed
in the 36-38th week of gestation. It is formed after stabiliza-
tion networks of specific excitatory and inhibitory compo-
nents of the thalamus and cortex. It is characterized by
rest period, energy maintenance, increased protein synthesis
and release of growth hormone, during which there are suck-
ing movements, smiles, slight blinking, faces and trembling;
breathing and heart rate are regular and eye movements
are absent or regular7,12,13,16,17. The pattern, as well as breath-
ing pauses and interaction between abdominal and thoracic
breathing, distinguish AS and QS7,15. IS is the period in which
neither quiet nor restless sleep can be identified7.

Sleep evaluation
In the early stages of mammal’s life, most sleep is AS, so

even the identification of QS becomes difficult and is better
identified by an alternative EEG route. Over time, the sleep
pattern evolutes due to neurophysiological development,
thus decreasing the amount of AS, while QS increases
and becomes dominant at three months of age, when it

represents 30% of the total amount of sleep and is half of
the amount of AS7,15,16.

The fetus sleep ontogeny plays a critical role in early brain
development, regulating arousal, attention and cognition due
to developmental plasticity18. The sleep pattern is one of the
best ways to evaluate the neurobehavioral development of
preterm sleep in short-term indicators, as the sleep-wake
states are sensitive gauges of maturation and organization
of the CNS and can predict future problems7,19. The number
of arousals reflects the progressive activation of cortical and
subcortical areas. The subcortical arousals decrease with mat-
uration, both in AS and in QS, while cortical arousals increase
in AS and decrease in QS. This is due to the fact that the struc-
tures and mechanisms involved in AS and QS are distinct. The
level of cortical activity in AS is more related to wakefulness
than QS, and in QS there are greater inhibitory influences that
minimize awakenings7,13,16,20,21.

In preterm infants at 31 weeks of gestation, respiratory
regularity informs the period of the sleep state22. Preterm
infants spend more time awake than in AS and this pattern
remains until six months of age. They have a less organized
sleep with high discrepancy between the behavior and the
EEG variables analyzed7,18,16,19. The proportions of sleep stages
change all the time, but AS corresponds to 90% of sleep for
those born at 30 weeks gestation and to 50% in term
infants7,13,15,17. In EEG of premature who have reached 40
weeks of post-gestational age, the results indicate that they
still have a sleep with a low degree of organization and with
less QS compared to those born term7,15. Severe neurological
damage is associated with longer periods in AS7,17.

Premature have more episodes of apnea, respiratory per-
iods of absence of respiratory efforts with time duration of 2
breathing cycles or 2 or 3 seconds for the duration of apneas
for newborns. The highest number of episodes is linked to
the most immature neurological system and respiratory sys-
tem, the largest number of infections and gastrointestinal
problems. Apneas are most common during the phase of
AS and can be classified as central, obstructive and mixed
apnea. The central apnea results from a disorder in the cent-
ral control of breathing; in this case, there is an absence of
breathing efforts and airflow. Obstructive apnea results from
an obstruction of the airways; in this case, there is respir-
atory effort but no airflow. Mixed apnea mostly initially fol-
lows central apnea that evolves to an obstructive case20,23.
However, mixed apneas can also occur in the other sense
to first be part obstructive and after central type in babies.

Polysomnography and neurodevelopment of
premature neonates

One of the parameters of sleep analysis is the video-poly-
somnography indicated for the newborn, which can detect
cardio-respiratory episodes and confirm abnormalities in
the EEG, or rule out respiratory changes before discharge,
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by assessing the neurological and cardio-respiratory patterns
in relation to sleep stage and gestational age24. Among all of
the possible parameters to be measured by polysomnography,
the most frequent refer to reviewing the progress and quality
of sleep of premature neonates24,25. Polysomnography allows
the calculation of total sleep time, defined as the total sleep
period minus the duration of wakefulness, sleep efficiency
given by the ratio of total sleep time over the total sleep
period, percentage of QS, percentage of AS and percentage
of wakefulness7,13,17,20,21,22.

There are currently computational, mathematical and
statistical studies being developed to differentiate the poly-
somnography of premature neonates, defining specific chan-
nels to capture the phases of AS and QS in preterm infants.
This facilitates the assessment of maturation of the brain of
these children in studying the structure and temporal patterns
of their sleep. The study proposes a proper selection of EEG
channels and most suitable characteristics for the separation
of the state of sleep in EEG in this specific population26.

Pain and prematurity
In thirty years the understanding of pathophysiological

mechanisms of pain in the newborn has achieved significant
progress. There is evidence that the foetus at mid-pregnancy,
and the newborn, are capable of feeling pain, the same being
assessed indirectly by increasing heart rate, blood cortisol
and beta-endorphin in response to activation of their auto-
nomous nervous system27,28,29,30. This perception would be
an inherent quality of life, which appears early in ontogeny,
and serves as a signalling system for tissue damage. Pain in
the newborn is usually acute, caused by noxious stimuli
known as tissue trauma, has relatively short duration and
is a fifth vital sign31. Its perception is multidimensional
and varies in quality, intensity, duration, location and sym-
bolic image, according to the characteristics of each indi-
vidual. Factors such as age, previous painful experience,
cognition, learning, psychomotor stage, use of sedatives
and analgesics and family conditions can modify the expres-
sion of pain, and this makes it more difficult to quantify and
qualify in healthy term and premature neonates27,28,32.

One of the arguments to the claim that the newborn cannot
perceive pain is the cortical immaturity. However, the cortical
processing involved in nociception was shown by Slater et al.32.
A late component (N420 - P560) of the EEG response at Cz
and CPz was found in 12 babies between 35 and 39 weeks of
gestation and was discriminated between the experimental
condition and non-harmful conditions. This represented a
specific nociceptive potential, and was not dependent on the
state of sleep33. Furthermore, myelination of the nerve fibers
occurs around the 13th week and the formation of synapses
of thalamic tracts occurs at about the 24th week of pregnancy
(it is inferred that the specific thalamic pain fibers are included)
and by this time the neocortex has reached its full size.

The painful experience can bring on premature metabolic
changes, a rise in hormone levels, changes in the already del-
icate balance between sleep and wakefulness and blood flow,
among others34. Invasive procedures and stressors of NICU
cause an aversive behavior that can lead the child to associate
any touch with pain, triggering responses such as crying
and gathering hands and legs. Repeated painful exposures
are associated with a low regulation of the hypothalamic-
pituitary-adrenal (HPA) axis, which cannot react to morphine,
as well as hypo or hyper-cortisol response to stress31,32.

Pain measurements in neonatal intensive care unit
Starting from the evidence that the infant has pain per-

ception, not pegged only to the physical sensation, but invol-
ving cognitive and emotional systems, it is natural to
question the measurement and interpretation of non-verbal
pain levels in these individuals. Thus, researchers have
developed numerous psychophysical scales aimed at meas-
uring the perception of pain based on physiological and
behavioral indicators, among different neonates. These
include physiologic assessments, such as the heart and res-
piratory rate, intracranial pressure, palm sweating, hormonal
levels, vagal tone and variability of oxygen saturation and
blood pressure parameters that can be displayed by new-
borns35. Advocates for behavioral assessment scales suggest
analyzing facial expression (e.g. NFCS), cry vocalizations,
and the waking state (e.g. PIPP)34. Along with that, there is
the context in which the child is also to be analyzed, since
these responses are not specific to painful stimulation.

There are thus a relatively large number of pain scales
applied to studying newborns, some focused only on obser-
vational behavior and others on balancing physiological and
behavioral aspects, which are called one-dimensional and
multidimensional scales, respectively36. The validity of these
scales is questioned by scientists in terms of the specificity of
patients that can be evaluated (preterm, at-term or post-
term neonates), the level of risk to the integrity of the
CNS, which is difficult to analyze in sick babies or in critical
NICU situations37.

To validate new devices for pain assessment, it is mandat-
ory to choose comparable instruments, and the methodology
employed in these instruments of pain assessment should be
considered, since there are different theoretical models in use.
Differences in theoretical and methodological approaches
also have implications for differences in how the measure-
ments are taken and analyzed. Therefore, use of pain scales
in clinical settings and research should be aligned with other
validated measures that allow doctors to compare the indica-
tors of pain for every child before, during and after a painful
procedure, so they can make decisions on maneuvers to ease
or stop the pain. It is therefore difficult to propose, for each
type of existing measure, a cut off point or the absolute
threshold of pain. Hence, the great variability between the
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responses of children does not allow a universal score for
pain38. The dimensions of these physiological indicators can
be described through psychophysical parameters of intensity,
direction, reactivity, regulation and slope. These parameters
are used in the field of psychophysics to interpret the response
to pain, considering three time points: baseline measure-
ments, responsiveness to painful stimulus and recovery27.

Slater et al. made a correlation of painful stimuli received
during invasive procedures (venous puncture, calcaneus),
increased use of ATP and oxidative stress. To measure this
stressful effect of pain, a pain scale (PIPP) and increased
serum levels of uric acid and malondialdehyde (MDA) in
plasma obtained before and after the puncture procedure
were used. Uric acid is the end product of the purine meta-
bolism, and its concentration is associated with increased
ATP utilization, hypoxia, ischemia and increased reactivity
with oxygen species (ROS). MDA is a thiobarbituric formed
by the action of ROS in lipid membranes. Use of this tag is
relevant because although the study of oxidative stress and
pain is relatively new, the association of pain with increased
MDA is not new and has been reported in adults with neuro-
pathic, abdominal and vascular pain39.

Sleep and pain in intensive care
The interdependent relationship between sleep and pain

was initially posited by Lewin and Dahl in 1999 when they
found that not only does pain interfere with the quantity
and quality of sleep in children, but it is also likely that insuf-
ficient sleep causes sequels throughout the day that sensitize
the child to experiencing pain and other somatic symp-
toms40. These authors also suggest that fear and anxiety
often have a negative impact on pain and sleep, while feel-
ings of safety and control often have a positive effect on
sleep and pain symptoms. Furthermore, adequate sleep
seems to promote both physiological (tissue repair) and psy-
chological (temporary cessation of perception of pain sig-
nals) relevant to recovery from pain, injury and disease
processes, and treatment approaches for pediatric sleep pro-
blems and pain show considerable overlap with respect to
many pharmacological and cognitive-behavioral interven-
tions. In both adult and pediatric intensive care units, sleep
may be impaired because of the patient’s critical condition
and the procedures performed, the mechanisms of occur-
rence are still poorly understood. Approximately 20% of
awakenings are related to noise and 10% to nursing inter-
ventions or medicine. The constant interventions create
fragmentation of sleep, which leads to a lower total sleep
time (TST), which can lead to sleep deprivation7,41.

Changes in sleep and painful experiences are both sus-
pected of contributing to poor neurodevelopmental out-
comes, especially in newborns with very low birth weight.
Few studies have explored the interrelationship between
the two conditions. Research on neurogenesis in adult rats

deprived of sleep has shown that deprivation led to a reduc-
tion of up to 35% of proliferating cells identified by markers
for bromodeoxyuridine (BrdU), and thus labeled BrdU cells.
These data indicate the possible reduction of around 60% in
the number of new neurons being produced after sleep
deprivation. Evidence from these studies supports the hypo-
thesis that sleep deprivation is associated with comprom-
ising the proliferation of granule cells of the dentate gyrus
in the adult hippocampus42.

The intrinsic question is to what degree pain can
enhance changes in the sleep-wake cycle, and if this cycle
is changed, can the perception of pain by the baby also be
changed. In a situation such as continued exposure to pain
due to a tracheal intubation procedure, which changes the
sleep-wake cycle, there may also be suppression or depriva-
tion of sleep and the effects on subsequent development can
be of a behavioral and biochemical nature43. Extreme-pre-
term infants receiving ventilatory support due to significant
morbidities exhibit a measurable delay in the maturation of
sleep architecture44. Studies with animal models show evid-
ence of these implications, such as reduced exploratory
behavior and learning difficulties, attention problems, anxi-
ety, shrinkage of the brain, developmental disorders and
decreased memory function of the posterior hippocampus
and brain plasticity43.

Intervention programs in Neonatal Intensive Care,
related to sleep and pain

Many programs and therapeutic techniques have been
created in Europe, North America, Latin America and Asia
to minimize the negative impacts of intensive care on pre-
mature neonates. The goal is to make the experience of
these newborns as stable and well organized as possible
by strengthening family ties and reducing stress agents
working in the vestibular, auditory, visual and tactile stimuli.
Among these programs, one can cite the Newborn
Individualized Development Care and Assessments
(NIDCAP) developed in the USA in 1986 by Als2,44,45,46,47,48,49.

NIDCAP is the predominant model in the USA, Argentina,
Belgium, France, Sweden, Holland and the UK. Dealing con-
currently with five subsystems within the infant’s behavior,
and known as synactive theory, it is an intervention that
attempts to minimize the impacts on the immature brain
from noxious sensory experiences in the environment and
procedures of a NICU, promoting the proper sensory stimu-
lation for the levels of the child’s neurological maturation.
NIDCAP emphasizes individualized care by increasing the
positive results in the prevention of neurodevelopmental
delay, by reducing noxious stimuli. This individualized child-
care involves a formal sequence and naturalistic observations
of the priorities and responses during and after procedures
performed. For its implementation, a multidisciplinary
team of physicians, nurses, social workers, psychologists,
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nutritionists and parents is required. It is organized so that
the NICU is adapted to an exclusive room for preterm neo-
nates. One major goal is to make this team, which includes
parents, become more sensitive to the signals produced by
the child, increasing interaction with her/him and particip-
ating in her/his care, when possible4,6,50.

NIDCAP is also concerned with sleep in preterm infants,
and promotes restful moments in which the child can sleep
peacefully, with decreased sleep fragmentation, improving
the development of nocturnal sleep and of circadian organ-
ization. Less fragmentation also increases stability due to
fewer cardiac adverse stimuli, lower frequency and duration
or severity of bradycardia, apnea and oxygen desaturation,
lower physical demands, minimization of metabolic needs
and increased QS8,51. Studies recording the differences
between the sleep of premature neonates in standard
NICU care and those cared for by NIDCAP show that the
total amount of uninterrupted sleep in the NIDCAP group
is larger, so both AS and QS increase8,52,53,54,55.

Studies showing the actual effects of NIDCAP on sleep
are scarce and controversial. A study that analyzed the
impact of NIDCAP asleep in 36 week neonates, at 4, 12
and 24 months after the post-conceptional age indicated
that NIDCAP had no impact on the amount of peaceful
sleep45. Another study observed no significant effect of light
on the circadian rhythm in preterm infants of 36 weeks with
a three-month corrected age55. Bertelle et al, in a study with
polysomnography, identifying the total amount of sleep,
duration of AS, QS, IS and latency before sleep in preterm
newborn when the care of the development is applied noted
a positive impact on sleep duration, with a 20% increase in
the amount of sleep and evidence of the association of a sus-
tained period of calm sleep with a decrease in the amount of
indeterminate sleep, sleep latency and a decrease in the
number of apneas lasting longer than 15 seconds54.

Kangaroo Mother Care (KMC) another kind of care pro-
gram promotes the early skin-to-skin contact between the
mother and the child9. In KMC, the incubator is progres-
sively replaced by the mother and the baby is kept warm
through skin to skin contact. The benefits of the method
include reduction in morbidity and length of hospitalization
of infants and improvement in the incidence and duration of
breastfeeding and the sense of responsibility of parents49,50,51.
In Europe is called Kangaroo Care, and consists of skin-to-
skin mother-infant contact for a few hours per day. In a
group of premature who received KMC for a period of eight
weeks when compared with conventional care, it was con-
cluded that this method results in an accelerated neurophy-
siological development, a more organized sleep behavior
after a single session and showed a change in the organiza-
tion and maturation of sleep, confirming the concept of pre-
mature adaptation to therapeutic interventions. In addition,
KMC as a method of managing induced pain was associated

with the deepest sleep during the recovery period of two
minutes compared to no treatment and in infants at 32
weeks gestation improved the state of organization of
NREM sleep and wakefulness, increasing alertness, and
improving the sleep-wake cycle56,57,58,59.

Another study about neurophysiological maturation eval-
uated the intervention of KMC in the premature brain, when
compared to controls who did not receive this care through
EEG during the sleep suggests that skin-to-skin contact pro-
duces a faster neurophysiological maturation and that the
maturation of the left hemisphere was more advanced in
the KMC group. This study speculated that the more
advanced cortico-cortical type connections are in early life,
preferably the left hemisphere, particularly with respect to
increased responsiveness to this hemisphere sensory stimu-
lation. This hemispheric response to sensory input has been
demonstrated in other studies based on the reaction of new-
borns to stimulation of pain, as well as the processing of
voice and tone detection and discrimination. These func-
tions can be active as early as 30 weeks of gestational age
in the foetal brain60.

FINAL REMARKS

Sleep is the predominant behavioral state in the pre-
mature neonate and is involved in maturation and brain
development. It is important that professionals working in
NICU know how to differentiate the states of sleep and
wakefulness, through observation of the characteristics of
each phase, so that they may conduct their activities without
interfering with the sleep and brain development of the pre-
mature behavioral states. Polysomnography continues to be
the gold standard for sleep state studies and clinical neuro-
logical assessment of the preterm neonate15.

Sleep deprivation has been portrayed as one of the big-
gest stressors for the patient. It has a negative impact on
the pattern of behavior, on breathing, and on neuronal devel-
opment, and it is associated with hospital and medical dis-
orders. Sleep disorders cause the induction of sympathetic
activity and high blood pressure that may contribute to
increased morbidity of patients7,13,45.

Bringing together the benefits found in the studies on
NIDCAP and kangaroo care, it can be said that there are
reports of many benefits from the kangaroo position in sta-
bilizing the infant’s temperature through maternal temper-
ature, in easing respiratory efforts in accordance with the
natural maternal posture, and in increasing periods of restful
sleep needed for growth, weight gain and neurological devel-
opment in infants60,61.

The development of sleep is one of the parameters to
assess the maturation of the CNS, and it is still poorly
explored both in clinical situations and in research, in part
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due to the lack of knowledge about what each of the indica-
tors may mean. However, in recent decades their use has
allowed progress in the exploration of specific neural devel-
opment in children born preterm. In this review it can be
seen that the premature baby has a late maturation pattern
for the main indicators of sleep, due to the condition of her/his
CNS at birth and the interaction of this with the adversities of
the hospital environment.

Monitoring the development of children participating in
programs designed to minimize the negative impact of

hospitalization has shown gains, such as better neurophysio-
logical development, an increase in the uninterrupted
period of QS, a decrease in the amount of IS, sleep latency
and a decrease in the number of apneas. These data have
been interpreted as evidence that these intervention pro-
grams promote acceleration, organization and maturation
of sleep states. However, longitudinal studies should be con-
ducted to verify the long-term impact of these programs,
including checking for other variables such as the baby’s
social interaction.
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