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ABSTRACT

Noise is an undesirable environmental factor whose control and reduction should be
standard in every Neonatal Intensive Care Unit. Its impact can have negative effects on
both the mental and physical health of the body. Newborns, especially premature infants,
are particularly sensitive to the negative effects of noise. The negative impact of noise can
be reduced through appropriate behaviour of the medical staff.

Aim. The aim of the study is to analyse the knowledge of medical staff on the impact
of noise on newborns staying in Neonatal Intensive Care Units and to evaluate its use in
practice.

Methods. A total of 104 respondents working in neonatal wards participated in the
study. The survey was conducted online using social media. The study employed the
diagnostic survey method with a self-designed questionnaire. The first part of the ques-
tionnaire concerned the aspects of knowledge on the impact of noise on hospitalised new-
borns; the second part addressed the socio-demographic issues of the medical staff.

Results. Training on noise exposure for newborns is not common in the workplace.
There are no recommendations regulating noise standards and control equipment. The
surveyed individuals do not have in-depth knowledge about acceptable noise levels in
newborn rooms. Only one in three employees was able to provide the correct answers in
this regard. Older employees with longer experience and residents of large cities scored
higher in knowledge than younger individuals. Those with a higher level of knowledge
and satisfaction with their work and earnings show the greatest care in reducing noise
intensity in the ward.

Conclusions. In neonatal pathology wards and (NICUs), noise standards and recom-
mendations are more common than in physiology wards. Employees caring for new-
borns need training on the sources and impact of noise on babies. It is necessary to limit
the noise generated by the staff, such as loud conversations, slamming furniture, placing
objects on incubators, or moving equipment.

Keywords: Noise, Newborns, Neonatal Intensive Care Unit (NICU)

INTRODUCTION

Noise is sound of excessive intensity, which humans perceive as “pointless,
then annoying, unpleasant, annoying, and finally harmful” (Wydanie zbiorowe,
2022). Its impact can have negative effects on both the mental and physical health
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of the body. There is no doubt that noise is an undesirable environmental fac-
tor that should be reduced to the lowest possible level. The degree of impact of
sounds on an individual depends on parameters such as intensity, duration, fre-
quency, age, clinical condition, level of sensitivity, and fatigue (Natarajan et al.,
2023). Newborns in Intensive Care Units are particularly sensitive to the negative
impact of noise. This is especially true for prematurely born children, who are
characterised by high multi-organ immaturity. Adaptation to extrauterine life is
areal challenge for them. Attention is drawn to the fact that noise not only affects
the current clinical condition of the newborn but can also have long-term effects on
their health. After birth, newborns are able to distinguish the voices of their moth-
er and loved ones from those they are encountering for the first time. Recognition
of sounds from the external environment, with which the fetus was stimulated
during pregnancy (e.g., music), can be observed. This means that the newborn can
identify the pitch, intensity, and rhythm of noises. An auditory memory is formed
at this time, making the baby less sensitive to sounds (Graven & Browne, 2008;
Pino, 2016; Movalled et al., 2023). Babies born prematurely do not have the chance
to create such auditory memory. Their maturing auditory system is stimulated by
the ICU environment, which generates louder and high-frequency sounds that are
not attenuated by amniotic fluid (Lehman & Kroélak-Olejnik, 2019; Lahav, 2015).

A newborn staying in a ward is exposed to noise generated by the daily func-
tioning of such a place. Noise is generated by all equipment and by the work
and communication of staff. It is important to reduce noise to the minimum
necessary. This can be achieved through appropriate behaviour among medical
personnel. The formation of appropriate habits must be based on a high level
of knowledge. Raising awareness can be done through appropriate training,
as well as procedures implemented in hospitals. Among the most commonly
stigmatised actions of staff members are loud talking, laughing, putting objects
down from above the incubator, and slamming incubator doors and ward furni-
ture (Cedrowska-Adamus & Gulczyniska, 2018; Das et al., 2023). The reason for
such behaviour may be not only lack of knowledge, but also routine, exhaustion,
or professional burnout.

According to the recommendations of the AAP (American Academy of Pedi-
atrics), the average sound level during the day in a newborn’s room should be be-
tween 40 - 45 dB, while at night it should be up to 35 dB. Instantaneous, transient
sounds should not exceed the 65 dB limit (White et al., 2013). However, studies
(Parra et al., 2017; Cepuch et al., 2019) indicate that these standards are clearly
exceeded. The highest intensity of sounds is recorded between 8:00 a.m. and 12:00
p.m., which coincides with the time when most medical procedures are performed.
Instantaneous transient sounds reach as high as 65.4 - 97 dB inside the incubator,
which can be compared to the operation of a vacuum cleaner or even a lawnmow-
er (Parra et al., 2017). The sounds generated in the Neonatal Intensive Care Unit
are not indifferent to the health and development of patients. The effects of noise
can be divided into short-term and long-term. The former group manifests itself
in changes in the neonate’s clinical condition and reactions during hospitalisation,
while the latter manifests itself as developmental disorders and hearing loss. The
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impact of excessive sound is observed primarily in the sphere of neurological de-
velopment and brain structures. The risk is greater the lower the gestational age
of the newborn and is associated with the length of stay in the ward. The most
common changes include a reduction in brain volume, abnormalities in the white
matter microstructure, and abnormalities in cognitive development (Lehman &
Krolak-Olejnik, 2019). Noise also leads to a number of changes in the endocrine
system: cortisol and blood glucose levels increase. Its impact accelerates the heart
rate, raises blood pressure, slows intestinal peristalsis, and disrupts the diurnal
rhythm of sleep and wakefulness (Wachman & Lahav, 2011).

Ensuring adequate acoustic conditions is challenging, but certain measures
can significantly facilitate this task. Therefore, it is important to train staff and
raise their awareness of the impact of noise on newborns. Providing adequate
knowledge and displaying posters reminding people of the dangers of excessive
noise can help prevent routine activities that generate excessive noise. Addition-
ally, considering the use of a meter that continuously monitors sound levels can
make it easier for staff to maintain appropriate silence levels.

AIM OF THE STUDY

The purpose of this study was to analyse the knowledge of medical person-
nel regarding the impact of noise on neonates in Neonatal Intensive Care Units
(NICUS) Additionally, the study aimed to evaluate the following:

The influence of selected variables such as age, education, and place of resi-
dence on the level of knowledge about the impact of noise on newborns.

— The influence of place of work and seniority on the level of knowledge
about the impact of noise on newborns.

— The correlation between the variables studied.

MATERIALS AND METHODS

The survey was administered to a group of 104 medical professionals work-
ing in neonatal wards. It was distributed to participants via social media plat-
form Facebook. The survey utilised a diagnostic survey method, employing a
questionnaire of our own authorship consisting of two parts. The first part com-
prised closed questions pertaining to staff training, ward equipment, as well
as knowledge of the impact of noise on neonates hospitalised in the Neonatal
Intensive Care Unit (NICU) and the application of this knowledge in practice.
The second part, known as the “metric,” included questions regarding sociode-
mographic data such as age, gender, place of residence, occupation, education,
as well as the ward in which the respondent works and length of service. A
reliability analysis of the test was conducted using Cronbach’s Alpha statistic,
which yielded a value of 0.806, demonstrating adequate reliability. The collected
data underwent statistical analysis in Excel and Statistica v.13. Student’s t-test
(test for independent samples) was employed for the characteristics of the dis-
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tributions of the studied variables. Calculations were performed for levels of
statistical significance at p <0.05 and p <0.1.

RESULTS

The respondents who participated in the survey were predominantly women
(99%). The age range of the respondents varied from 21 to 58 years, with an av-
erage age of 36 (Table 1). The surveyed group was predominantly composed of
individuals with higher education qualifications, with 35% holding a bachelor’s
degree and 48% holding a master’s degree.

Table 1. Age of respondents

Table 1
Age of respondents
Age % N N
from 25 years 19,2% 20
26-35 years 38,5% 40
36-45 years 18,3% 19
46 and more 24,0% 25

Those who participated in the survey were primarily midwives/midwives
(70) or nurses/nurses (26). Physicians comprised a smaller group of eight re-
spondents. The majority of the respondents were employed in the neonatal in-
tensive care unit (Table 2).

Table 2
Respondents’ place of work
Department % N N
neonatal physiology 14,4 % 15
neonatal pathology 23,1% 24
neonatal intensive care 62,5% 65

From the statements of respondents, it appears that training on the impact
of noise on newborns is not common in the workplace. Additionally, this topic
is not adequately discussed during teaching or education. Nearly all respond-
ents expressed the need for such training (98%). Employees’” knowledge of noise
standards and recommendations for acceptable levels in the ward varied greatly
depending on the workplace (Fig. 1).
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Recommendations for ward noise levels/ type of ward
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Recommendations for ward noise levels/type of ward

Among the respondents, the vast majority declared that there were no noise
meters in the workplace that would visually indicate if sound intensity limits
were exceeded (see Fig. 2). This lack of equipment was reported by a total of
86.5% of respondents. However, 66% of respondents acknowledged the useful-
ness of such a device.

Whetherthere are noiseinthe ward ?

HVYes

@ Currently, no, but Thad/have
dealtwith such a device

ONo

Figure 2
The presence of a noise meter in the ward
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The vast majority of wards utilised incubator covers (always 63% or often
19%) and special nests made of soft material for newborns (always 67% or often
21%) as part of noise reduction strategies. These solutions were most frequently
implemented in Neonatal Intensive Care Units compared to other wards

One of the goals of the survey was to assess the knowledge of medical per-
sonnel regarding the impact of noise on hospitalised newborns. Slightly more
than a third of respondents were able to answer the question about the permis-
sible maximum noise level in the newborn’s room during the day without er-
ror. The percentage of those who indicated the correct answer to the question
about the acceptable noise level in the neonatal room at night was even lower, at
just 25%. However, the medical staff’s knowledge of acceptable momentary and
transient sounds in the newborn room fared slightly better. In this case, almost
36% of respondents provided the correct answer (Fig. 3).

Level of knowledge about the impact of noise

60,0% 56,7%

50,0%

40,0%

29,8%

30,0%

20,0%
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10,0%

0,0%
Olow Emedium W high

Figure 3
Respondents’ level of knowledge about the impact of noise on newborns

Only 15% of survey participants demonstrated knowledge about the risk of
hearing disorders in newborns hospitalised in Neonatal Intensive Care com-
pared to healthy newborns. However, most respondents correctly identified the
effects of noise on several areas, including increasing the secretion of cortisol,
aldosterone, and catecholamines (98%), decreasing tidal volume and vital lung
capacity (84%), and increasing sweating of the hands and feet in term newborns
(82%). The factor that significantly differentiated staff knowledge was the type
of ward in which the respondent worked (Fig. 4). Furthermore, older staff and
those with longer work experience exhibited greater knowledge in this area. No-
tably, midwives and nurses with a master’s degree provided the most correct
answers regarding the impact of noise on newborns.
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Knowledge level/department
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Figure 4
Knowledge of permissible noise levels/type of branch

The questionnaire also included questions on subjective assessment of behav-
iour related to maintaining appropriate noise levels in the hospital environment.

Theincidence of inappropriate behavior

Putting things on the incubator 20% ‘ 25% ‘ 29%
Violent slamming of cabinets/drawers in the ward 14% ‘ 40% ‘ 22% -
Yiolent slamming of incubator door 31% ‘ 28% ‘ 37% l
Playing sounds fram radio/computer/phone etc 31% ‘ 32% ‘ 26% -

Loud conversations in the ward 6% 26% ‘ 33%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

OMever ORarely OSometimes OOften @Very Often

Figure 5
Self-assessment of the frequency of staff behaviour related to maintaining
acceptable noise levels
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According to the declarations of those surveyed, as many as 36% admitted
that they sometimes talked loudly in the ward (often or very often), 26% ac-
knowledged that they often or very often placed things on the incubator, and
23% reported slamming cabinets or drawers often or very often. However, 63%
stated that they never or rarely played sounds from the radio, computer, or
phone, and 59% indicated that they never or very rarely slammed the incubator
door violently (Fig. 5). Interestingly, medical staff members who demonstrated
a high level of knowledge about the effects of noise on newborns during the sur-
vey were far more likely than those with less knowledge to show care in reduc-
ing sound levels in the ward. This was evident in all areas diagnosed in the sur-
vey, indicating that staff members tended to put their knowledge into practice.

Noise in neonatal intensive care units is often generated by numerous pieces
of equipment and alarms. It has been found that this not only negatively affects
hospitalised patients but also impacts the medical staff themselves. Respondents
admitted that they themselves struggle with fatigue and irritation caused by the
large number of alarms and technical signals from equipment - as many as 68%
indicated experiencing such inconveniences during their work in the unit.

DiscussioN

Caring for neonates hospitalised in Intensive Care Units poses a significant
challenge for the entire treatment team. The goal is not only to treat conditions
and defects or relieve pain but also to ensure optimal conditions of development
similar to intrauterine life. This includes maintaining adequate temperature,
lighting, and acoustic environment. However, achieving this task is extremely
difficult, as it is impossible for a hospital room, filled with the necessary equip-
ment and medical apparatus, to perfectly replicate or even resemble the environ-
ment known to newborns from fetal life.

The impact of noise on patients in Neonatal Intensive Care Units is an issue
that has not received adequate attention in Poland. Among the publications (Leh-
man & Kroélak-Olejnik, 2019; Lahav, 2015; Cedrowska-Adamus & Gulczyrniska,
2018; Cepuch et al., 2019; Slevin et al., 2000) on this subject, works in the English-
language literature have a significant advantage. While some scientific research
has been conducted in our country, it is limited to single articles. Additionally,
only a few Polish neonatology wards are equipped with sound level monitoring
devices. However, posters with information about noise in the ward environ-
ment and guidelines for minimising it are often visible.

According to several studies from different countries, acceptable sound in-
tensity standards are consistently exceeded in NICUs. For instance, a study by
Parra et al. (2017) found that neonates in intensive care are exposed to noise
levels that far exceed American Academy of Pediatrics standards, particularly
inside the incubator. The average sound intensity (Leq) during measurement
periods was 60.4 dB, with an intensity of 62.1 dB occurring more than 10% of
the time (L10), and the highest recorded value (Lmax) reaching 89.1 dB. This
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exceeds the recommendations of 45, 50, and 65 dB, respectively. Similar findings
were reported in the study by Krueger et al. (2005), where measurements from
9 areas of the NICU showed average Leq intensity of 60.44 dB, L10 of 59.26 dB,
and Lmax of 78.39 dB.

In contrast, a study by Chang et al. (2006) revealed that more than 90% of
noise is generated by people, with the loudest areas being where staff congre-
gate, such as the nurses’ counter, where the average sound level was 62 dB. In a
self-reported survey, only slightly more than half of the respondents indicated
that the NICU where they work has recommendations for noise standards. The
remainder either stated that such guidelines do not exist or were not known by
them. Therefore, it is essential to draw the attention of medical personnel to the
negative impact of external factors on patient condition, raise their awareness,
and monitor whether their knowledge adequately translates into actual condi-
tions in the ward.

Reducing noise levels should begin with appropriate staff education. In our
survey, only 16% of respondents indicated that the above issues were adequately
discussed during their education, while 19% received on-the-job training. How-
ever, even such one-off training sessions can have a demonstrable benefit in re-
ducing sound levels in the ward. A study by Incekar and Balci (2017) examined
noise levels on different days and at different times, and then medical staff par-
ticipated in training on how to reduce it. After the course, measurements were
taken again, and the intensity of sounds was significantly lower in all measure-
ment periods. The average difference in intensity levels ranged from 1.59 + 7.05
dBA to 2.74 + 6.04 dBA depending on the day and time of measurement. Similar
studies were conducted in Canada by Wang et al. (2014) and in the US by Hull
and Wright (2023). In these studies, noise levels were measured before and after
the implementation of a noise reduction programme, and the measures applied
had the intended effect of reducing sound intensity. In our own study, almost
all respondents indicated that they felt the need to receive training on the impact
of noise on newborns. This underscores the importance of providing education
and training to medical staff in order to effectively reduce noise levels in neona-
tal care settings.

Our study revealed a statistically significant relationship between respond-
ents’ knowledge and selected sociodemographic variables, including age, place
of residence, and place of work. Respondents belonging to the oldest age group
with the longest work experience demonstrated a significantly higher level of
knowledge in this regard compared to younger individuals. Therefore, it can be
concluded that work experience significantly contributes to improving employ-
ee awareness. Interestingly, respondents from the youngest age group and with
the least work experience were more likely to have a high knowledge score than
others, although this difference was not statistically significant. This result may
be attributed to recently completed education and the absence of entrenched
work routines. Additionally, the survey found that residents of large cities were
more likely to have a higher level of knowledge, likely due to easier access to
higher-level training providers. A higher level of knowledge also correlated
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with greater attention to reducing sources of noise, indicating that knowledge is
indeed put into practice.

The presence of sound intensity meters that provide a visual signal of exceed-
ing standards plays a significant role in reducing noise in intensive care units.
In our own survey, only 13.5% of respondents reported the presence of such a
device in their workplace, but a larger proportion (25%) had encountered such
equipment in the past. According to Lehman and Krélak-Olejnik (2019), about
30% of departments in Poland utilise such a noise control method. In a study by
Wang et al. (2014), they compared sound intensity levels between a period where
the meter did not provide visual signals when noise standards were exceeded,
and a period where the meter illuminated red when the sound intensity was too
high. The results showed a statistically significant increase in the periods of time
when the noise level was below 50 dB in all areas where newborns were present.

Studies also demonstrate that the layout of rooms and care stations for new-
borns, as well as the conditions for transporting newborns, are of great impor-
tance in reducing noise levels (Aminudin et al., 2023). This issue has been high-
lighted by numerous authors (Kruszecka- Krowka & Cepuch, 2018; Cardoso et
al., 2015; Pineda et al., 2017; Bergez et al., 2023). For instance, Chen et al. (2009)
compared sound intensity levels in patients housed in incubators in single, en-
closed rooms versus those in open, multi-station spaces. They found that the
hourly average noise intensity in the multi-patient room was 50.8-57.2 dB, while
in the single rooms it was 45.9-51.7 dB. The average difference between the areas
was 4.5 dB. It is noteworthy that a 5 dB change in sound is clearly perceived by
people, and a 10 dB increase in values is perceived as noise twice as loud. Ad-
ditionally, the average values of L10 and Lmax in the open rooms significantly
exceeded those of the single rooms. Similarly, Liu (2012) came to similar conclu-
sions in his study, demonstrating that Lmin, L50, L10, and Leq measurements
were lower in single rooms, and this difference was statistically significant. The
exceptions were cases in which newborns were ventilated at high frequencies.

Analysing the results of our own research and comparing them with the find-
ings of other authors from various countries, it is evident that insufficient atten-
tion is paid to creating an appropriate acoustic environment in Intensive Care
Units (ICUs). To address this issue, several measures should be taken: 1. Ap-
propriate education of medical personnel: Providing comprehensive training on
the impact of noise on newborns and methods to reduce noise levels should be a
priority. 2. Creation of appropriate guidelines: Developing clear guidelines and
protocols for noise reduction in ICUs can help standardise practices and ensure
consistent efforts to minimise noise.

CONCLUSIONS

— In neonatal pathology and neonatal intensive care units, standards and
recommendations for noise reduction are more common than in neonatal
physiology units.
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— The highest level of knowledge about the impact of noise on newborns was
demonstrated by those in the oldest age group and with the longest work
experience.

— Those living in large cities have a higher level of knowledge in the area of
the impact of noise on patients than the other respondents.

— The high level of knowledge in the field in question is used in practice and
translates into the leveling of behaviour that generates harmful noise, such
as loud conversations, playing sounds, slamming furniture, or putting ob-
jects on the incubator.
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