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“Unnecessary noise, then, is the most
cruel absence of care which can be

inflicted either on sick or well.”1 The third
trimester of pregnancy is a time of rapid
brain growth and development where,
during periods of sleep, the brain is laying
down its neurological foundations for
future life. Hearing and responding to
sound is essential for speech development,
however, for the preterm infant excessive
auditory stimulation through exposure to
high frequency sounds or those that exceed
recommended levels can result in sleep
disturbance and altered negative physio-
logical responses for this vulnerable cohort
of infants.

The mechanisms of perinatal brain
injury in the preterm infant are complex
and multi-factorial. There is growing
interest in the role of the ex utero
environment in promoting normal brain
development. 

Infants in the NICU are vulnerable due
to a range of intrinsic and environmental
factors. In 2014, the James Lind Alliance
brought together patients, carers and
clinicians to identify and prioritise research
strategies to improve the quality of care
and outcome for very preterm infants.2

The optimisation of the environment, such
as light and noise, was listed as a key
improvement strategy in the top 10
priorities for preterm birth. However, noise
in the NICU remains a significant
problem.

The acoustic environment of the NICU
should promote neonatal sleep and
physiological stability without impeding
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1. Rapid brain growth occurs in the third

trimester when, during periods of sleep,
the brain develops its neurological
foundations for future life.

2. A fetus is protected from exposure to
loud, external noise by the mother’s
body and uterine environment. This
protective environment is lost in a
preterm infant. 

3. Exposure to high sound levels can wake
a sleeping infant. Sudden or sustained
noise can result in negative
physiological responses (eg apnoea,
heart rate changes and increased
oxygen requirement). 

4. Positive sounds, eg the mother’s voice,
are beneficial and may improve brain
development and physiological stability. 

communication between staff and parents.3

However, the NICU is a highly complex
and noisy environment. Medical tech-
nology replaces the functions of the uterus
and placenta but provides limited
protection to auditory disturbances4 and
exposes infants to sounds that are very
different to what they would experience in
utero. Establishing sleep-wake cycles
(SWCs) is essential for neurological and
synaptic development5 and preterm infants
have an immature auditory system that can
make it difficult for noise to be filtered out
and therefore maintain self-regulation.6

The inability to adjust and learn to ‘tune
out’ excessive or unwanted noise can make
preterm infants increasingly vulnerable to
the negative effects of noise.

During 2012, there were 726,572 live
births of known gestational age in England
and Wales of which 52,160 (7.3%) were
preterm (<37 weeks’ gestation) and 2,474
(<1%) extremely preterm (<27 weeks’
gestation).7 Survival rates have significantly
improved for infants born extremely
preterm, however there have been no
significant improvements in the incidence
of conditions such as cerebral palsy,
blindness, deafness and attention deficit
disorders in this group.8 Does the harsh
environment of the NICU, and differences
in noise exposure for the fetus and preterm
infant contribute to the health comp-
lications for this group? 

What is noise?
Noise can be defined as any unwanted
sound with variations in intensity
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(loudness), frequency, timing and
duration.9 Noise can also be subjective; for
example what one person perceives as
noise another may regard as music. The
intensity of sound is measured in decibels
(dB), a logarithmic scale where each 10dB
increase reflects a tenfold increase in sound
intensity.

The frequency of sound is measured in
Hertz (Hz). The human ear can hear
sounds within the frequency range of
20Hz to 20,000Hz, with increased
sensitivity in the 1,000 to 4,000Hz range.
The A-weighting slow-response dB scale
(dBA) filters sound according to the
frequency response of the human ear,
enabling sound level meters to monitor
and record noise levels to which the ear is
most receptive. Noise-induced hearing loss
in adults can occur following prolonged
exposure (>8 hours) of noise averaged at
85dBA, and exposure time for damage
decreases with increasing intensity.10

Development of hearing in
the fetus
Cochlear development begins at around 10
weeks’ gestation and is structurally formed
by 15 weeks’ gestation with auditory
function commencing at around 20
weeks.11 In the uterus, the fetus is exposed
to lower frequency sounds of around
500Hz and protected from higher
frequency and loud external noise through
absorption of sound by the maternal
abdominal wall, uterus and amniotic fluid
environment.12 As the fetus grows and
develops, the maternal abdominal wall
becomes thinner, providing exposure to a
wider range of external sounds.4 Normal
external speech is subject to different levels
of attenuation by the intrauterine
environment, with higher frequencies
receiving greater levels of attenuation.13

The maternal voice experiences the least
attenuation, which may be due to the
internal transmission of sound.14

Hepper and Shahidullah investigated the
fetal auditory response to different tone
stimuli showing that at 19 weeks’ gestation,
a fetus can respond to external noise
frequencies of 500Hz.15 To put this into
context, 261Hz is middle C on a piano and
the frequency of sound doubles with each
octave. By 27 weeks’ gestation, lower fre-
quencies of 250Hz and 100Hz elicited a
response in almost all of the studied
fetuses, although there was no response to
higher frequencies of 1,000Hz and

fluid filled and the fetus hears sounds
through bone conduction which, along
with the maternal body, filters out higher-
frequency sounds.11 In contrast, for the
preterm infant the auditory canal is air
filled resulting in little or no attenuation to
volume. To compound the problem,
preterm infants have immature auditory
processing, which can make it difficult for
them to habituate and filter out noise to
maintain self-regulation.6 Preterm birth,
therefore, potentially alters typical auditory
development and learning as these infants
are exposed to a wider range of sounds and
frequencies, with many sounds occurring
suddenly or in a non-rhythmic pattern.

Excessive noise exposure has been
associated with longer ventilation times,6

which impacts on the length of hospital-
isation. Sicker, smaller infants are cared for
in level 3 NICUs, which typically exper-
ience the highest levels of noise.21,22

Whether it is the excessive noise or the
overall health status of the infant that
determines longer-term auditory function
remains to be resolved. 

Exposure to loud, sudden or sustained
levels of noise creates excessive auditory
stimulation, resulting in sleep disturbance
and negative physiological responses
including apnoea, changes in heart and
respiratory rates, hypoxaemia and
increased oxygen requirements.23

Sound levels above 55dB have the
potential to wake a sleeping term infant,24

while in preterm infants, sound peaks of
5-15dBA above ambient background levels
disrupt sleep patterns.25 In a small cohort
study of eight extremely low birthweight
infants (<1kg) with background noise
levels of 55-60dBA, preterm infants
demonstrated an increase in heart rate in
response to sudden noise exposure.
Change to mean arterial blood pressure
(MABP) was less sensitive and appears to
be influenced by birth weight; infants with
a higher birth weight (766-910g)
experienced a biphasic response with a
drop in MABP at around 110 seconds
followed by an increase at around 200
seconds after noise exposure. The lower
birthweight group (454-694g) also
experienced a decrease in MABP but this
was delayed until approximately 155
seconds after noise exposure but did not
have the subsequent increase seen in higher
birthweight infants.26 In a larger study of 31
infants of >29 weeks’ gestation, back-
ground noise levels were maintained at
60dB until infants were exposed to a low

3,000Hz, which were first observed at 29
and 31 weeks’ gestation, respectively.15 This
fetal response to lower frequencies at
earlier gestational ages corresponds with
the tuning of the hair cells to specific
sound frequencies, which initially starts
with lower frequency tuning.11

Like other sensory systems, the auditory
system needs stimulation to develop nor-
mally. Auditory learning is thought to start
at around 28 weeks’ gestation by repetitive
exposure to common sounds such as voice
and music during periods of wakefulness
or quiet sleep, followed by a period of
active or rapid eye movement (REM)
sleep.11 It is during REM sleep that the
brain will create long-term synapses in the
auditory cortex and brainstem that may
become auditory memories.11

During the course of a pregnancy, there
is a gradual increase in exposure to sounds
that are higher in frequency and intensity.
For preterm infants in the NICU, the pro-
tective uterine environment is lost, with
infants being exposed to sudden, louder
and higher frequency sounds from equip-
ment and medical alarms. The environ-
ment and staff activity in the NICU can
potentially alter the development of the
auditory system. Exposure to loud
background and/or high frequency noise
could be harmful, both by direct damage
to the auditory system, and by interfering
with the infant’s SWC.11 Controlling
noxious noise exposure for the preterm
infant could therefore protect both
auditory and brain development.

Hearing loss in the preterm infant
In the UK, there is a 4-6% prevalence of
hearing loss in children at six years of age
who were born preterm,16 which is
significantly higher than the background
prevalence of hearing loss in healthy term
infants.17 There are a number of complex
factors that are associated with hearing loss
in preterm infants, including infection,
extended mechanical ventilation time,
hyperbilirubinaemia and hyponatraemia.18

Additionally, ototoxic drugs such as
aminoglycoside antibiotics or diuretics can
cause permanent damage to the cochlear
or auditory nerve19 and there is a
suggestion that increased background
noise levels may exacerbate this drug-
induced hearing loss.20

Why is noise and the preterm infant
important?
In the uterus, the fetal auditory canal is
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frequency buzzer of 80dB for three seconds
during periods of quiet awake or quiet
sleep. The infants were clinically
categorised into low- or high-risk for
clinical neurological impairment. In
response to the low frequency buzzer, all
infants experienced an increase in heart
rate during quiet sleep, however only those
in the high-risk category showed an
increased heart rate when they were
quietly awake.27

Establishing SWCs is essential for
neurological and synaptic development,25

and the emergence of REM and non-REM
sleep is essential for creating long-term
memories and enabling the brain to learn
and adapt to stimuli.28 For preterm infants,
the development of SWC is accelerated
with postnatal age when compared to
gestational age alone29,30 suggesting that
external sensory inputs such as noise, light,
touch and medication could affect brain
development.

Repeated interruption to sleep leads to
fatigue and increased calorie requirements
for the preterm infant.31 Kuhn studied the
arousal state of 26 infants born between
26-31 weeks’ gestation.25 Noise levels were
recorded inside the infant’s incubator; the
average hourly exposure to sound peaks
above background levels of at least one
second in duration were 78% for 5-10dBA,
17% 10-15dBA and 5% exceeding 15dBA.
Infants transitioning from sleep state to
wakefulness in response to sound peaks
occurred, on average, 4.2% at 5-10dBA and
5.5% 10-15dBA. The transition from sleep
to crying or fussing elicited a greater
response of 29.7% and 34.1% at 5-10dBA
and 10-15dBA, respectively.25 Kuhn
estimated that on average, infants are
disturbed by noise 18 times a day and
calculated that over a nine-week hospital
stay, this could equate to 1,134 disturb-
ances to sleep solely due to noise.25 It is well
documented that for the adult, interrup-
tions or deprivation in sleep caused by
noise can have significant health con-
sequences. For the preterm infant,
interruptions in sleep may have far wider
implications, as the third trimester is a
time of rapid brain growth, development
and synaptic formations. There is limited
data on the disruption of SWCs to brain
function beyond behavioural responses for
this vulnerable group. 

Recommendations for NICU noise
levels, exposure and effects
The acoustic environment of the NICU is

determined by the equipment (in
particular alarms, FIGURE 1), unit design,
staff and family presence. The acoustic
environment should promote neonatal
sleep and physiological stability and it is
recommended that, in the areas where
infants are cared for, average hourly noise
levels (Leq) should not exceed 45dBA.
Maximum noise levels (Lmax), regardless
of duration or source, should not exceed
65dBA.3 These levels are of an equivalent
intensity to a quiet library and normal
conversation, respectively. Several studies
demonstrate that noise levels within the
NICU far exceed these recommendations;
in some instances average noise levels were
reported above 60dB32-36 with Lmax
exceeding 78dB.35,37 

While there are no specific recommend-
ations for sound frequency exposure, dB
levels should be monitored, reported and
recommended with the A-weighted scale to
reflect human hearing. Two studies to date
have measured frequency in the NICU,
finding that lower frequency sounds
dominate with peaks observed at 500Hz,
corresponding with normal speech.32,38 It
was also found that peaks occur at higher
frequencies up to 3,150Hz from devices
such as alarms from ventilators and
infusion pumps, however the effects on the
preterm infant of this exposure remain
unknown.32,38

Many NICUs are designed to reduce the
risk of infection transmission with hard,
smooth surfaces that are easily cleaned but
tend to reverberate and increase sounds in
a unit. Structural changes or the addition

of acoustically absorbent material on walls
that are above clinical activity areas can
reduce noise reverberation and levels away
from sound sources.3 These structural
changes may alter and reduce sound levels
within the neonatal nursery but are
individual approaches to noise at-
tenuation more appropriate?

Can incubators help control noise
exposure?
The infant in an open cot has no
protection from noise generated from
equipment, alarms, telephones or
conversations. Incubators offer some
attenuation against direct external noise
exposure with ventilator and infusion
pump alarms, registering as 55-75dBA in
the open environment compared to
51-57dBA inside incubators.6 External
material covers over the plastic lid may also
improve noise attenuation, with average
background noise levels ranging from
70-80dBA in an uncovered incubator,
dropping to 51-74dBA when the cover was
in place.39

However, the protection against external
noise that incubators offer is at the expense
of increased reverberation of sound from
within. The internal smooth plastic
window is poor at absorbing but good at
reflecting sounds, which increase overall
levels inside the incubator. The provision
of adequate bedding material inside the
incubator can absorb some sound and may
reduce the incidence of sound reverb-
eration.40 Activities that occur inside
incubators expose infants to greater noise
levels than those experiencing the same
procedure in an open cot. For example, it
has been reported that open endotracheal
suction increased by 8dBA to 58dBA when
performed inside an incubator.6

Incubators control heat and humidity
for the preterm infant, but, by design are
sources of noise generation. Objects
striking the plastic walls can create short,
intermittent, loud sounds. Placing objects
such as bottles on the top of the plastic
window can create sounds that exceed
110dBA,23 while the careless closing of
incubator porthole doors and tapping 
on the window produces noise levels in
the region of 80dBA and 70dBA,
respectively.6,41 

Individual hearing protection
If noise levels cannot be reduced further, 
is the provision of individual hearing

FIGURE 1  A nurse turning off an alarm near
an infant’s incubator.



R E V I E W

164                                                                                                                                                                                          V O L U M E  1 2  I S S U E  5   2 0 1 6 infant

protection for neonates in the NICU an
acceptable solution? 

Duran et al studied the effects of wearing
earmuffs in 20 preterm infants.42 This type
of hearing protection reduces noise
exposure by 7-12dBA. In this crossover
comparative study, the preterm infants
were observed for two days with the
earmuffs in place and then acted as a
control group being observed for two days
without individual hearing protection. The
presence of the hearing protection resulted
in no difference in physiological changes
between the two groups. However,
behavioural states were more consistent,
with longer time periods in quiet sleep for
infants wearing the earmuffs compared to
the control group, who were observed to
be more frequently awake or crying. 

Unfortunately, the adhesive that keeps
smaller hearing protection devices in place
has the potential to cause damage to
delicate preterm skin. The tight seal
around the ear can also cause damage to
developing ear structure if maintained in
place for long periods of time and there-
fore is only recommended for short-term
use, eg during magnetic resonance
imaging.43

Sound and voice recognition are
essential for language development. In the
uterus, the fetus is exposed to maternal
voice and heart beat in a protective
environment enabling the development of
auditory learning. Webb et al replicated
uterine sounds to preterm infants to
determine whether this exposure would
promote brain development as if the baby
was not born preterm. This study suggests
that there is benefit in replicating uterine
sounds for preterm infants, minimising the
negative effects of auditory stimulation
from the NICU environment.44 Loud peaks
of sound were attenuated thereby reducing
the negative impact of the additional
volume with both the control and exper-
imental group being exposed to
approximately 60dBA in the NICU envi-
ronment. While this is a small study with
recommendations for future research in
this area, it is unlikely that reducing the
input of maternal voice is beneficial.

Minimising sensory inputs and creating
an environment that is very quiet with long
periods of silence can result in delayed
language and cognitive development,
inhibiting and delaying brain maturation
and development.22,45 Creating an
individualised environment with a
Newborn Individualised Developmental

Care and Assessment Program (NIDCAP)-
approach may be more effective than
trying to remove all negative sounds. Low-
risk preterm infants who received
individually based NIDCAP orientated
care showed significant improvements in
neurodevelopmental outcomes, including
self-regulation and posture at two weeks of
age.46 The challenge for modern NICUs is
not only to minimise noxious noise but to
promote and individualise positive sounds
such as the maternal voice. 

Effects of noise on staff 
Noise levels in the neonatal and hospital
environment should not impede recovery
of the infant, but in addition should ideally
not increase stress levels or negatively affect
work performance of staff.3 Sudden,
excessive or prolonged noise is not only
detrimental to the patient but can also
impact healthcare workers.47 Noise can
have the direct effect of increased stress,
burnout and poor concentration, and
negatively influences work and
performance.48

Nursing staff in a level 3 NICU perceived
noise levels to be quieter at night, although
measured levels demonstrated no signif-
icant change between day and night
levels.36 In one study in a paediatric
intensive care unit, nurses displayed
increases in heart rate when exposed to a
10dB increase in noise levels above
background levels. Interestingly the
increase in heart rate was less marked with
increasing nursing experience47 suggesting a
possible habituation to the environment
over time. Repeated exposure to certain
sounds can create a state of habituation,
which can be of concern if clinical staff
silence or ‘tune out’ to the sound of a
critical alarm.47

Conclusion 
In the NICU, it is essential that infants are
provided with optimal care and environ-
mental conditions to reduce infant
mortality and morbidity. Preterm infants
are devoid of the protective uterine
environment and often have little or no
protection from sounds that originate in
the NICU from essential medical
equipment. This is at a time of rapid brain
growth and development. 

Infants in the NICU are frequently
exposed to sounds above recommended
standards that can create excessive auditory
stimulation resulting in sleep disturbance
and negative physiological responses, with

changes in heart rate, oxygenation levels
and respiratory rates. Reducing sound
levels throughout the whole NICU benefits
not only infants but also staff and visitors.
The provision of an individually designed
noise reduction strategy such as the use of
a noise measurement device (FIGURE 2) or
careful closing of incubator porthole
doors, can eliminate sudden peaks in noise
levels experienced by the preterm infant.
Exposure to positive sounds such as the
maternal voice is beneficial and may
improve brain development and stability in
an otherwise hostile environment.

Improving the acoustic neonatal
environment is a key improvement strategy
for parents, carers and clinicians. More
research is needed into the effects of
noxious and positive noise on auditory and
brain development in these vulnerable
infants to reduce morbidity and continue
to work towards optimising neonatal care. 
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£120 (£110 if booked before 25 Sept)

Venue:
College of Paediatrics
& Child Health, London
To find out more or to book a place,
go to the BAPM website:
www.bapm.org/meetings

A one-day meeting aimed at neonatal trainees and
paediatric trainees with an interest in neonatology,
or those considering a career in neonatology.
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