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Background. Noise is a known environmental stressor in the neonatal intensive care unit (NICU), as it may result in adverse effects on
preterm neonates because of the unique vulnerability and physiological immaturity of their central nervous systems.

Objective. To investigate noise levels in public sector NICUs in the eThekwini District, KwaZulu-Natal Province, South Africa.

Methods. An analytical observational study design with purposive sampling of public sector hospitals was used. Noise was continuously
measured with a sound level meter in a central location for 48 hours on 2 consecutive days (Sunday and Monday) in the four NICUs.
A sample of noise sources, as well as their frequency of occurrence, was identified through direct observation and a frequency spectrum
analysis using one-third octave bands. Data were analysed using descriptive and inferential statistics.

Results. This study included one tertiary hospital and three regional hospitals in the eThekwini District. Mean noise levels exceeded
international recommendations of an A-weighted equivalent continuous sound level (LAeq) of 45 A-weighted decibel (dBA) and an
A-weighted maximum sound level (LAmax) of 65 dBA in all four hospitals. The most frequently occurring sources of noise were staff
conversations (30.9%, Hospital A), device alarms (21.0%, Hospital B) and closing metal pedal bins (20.0%, Hospital B). Mean LAeqs
>45 BA were found in the mid and high frequencies (250 Hz - 6 300 Hz) in all hospitals, particularly during the afternoon.

Conclusion. The findings emphasise the need for continuous noise monitoring, awareness and education among healthcare professionals

in the NICU. Future research should expand on existing findings and focus on interventions for noise control in NICUs.
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Noise is a known environmental stressor in the neonatal intensive
care unit (NICU), as it may result in adverse effects on preterm
neonates because of the unique vulnerability and physiological
immaturity of their central nervous systems.” The neonate’s
auditory system is developed and functional from 20 - 25 weeks
of gestational age; therefore, in the absence of a congenital
abnormality, most preterm neonates can hear when admitted
to the NICU.®! An intense noise may startle the neonate and
result in adverse physiological effects, such as increased blood
pressure, heart rate or respiratory rate, decreased oxygen saturation
and sleep disorders.>**1% Overexposure to constant high levels
of noise, particularly at high frequencies, can adversely affect
neurodevelopmental outcomes and auditory development,
resulting in delayed speech and learning acquisition, which is often
seen in the preterm population.’®!” In addition to noise, neonates
in the NICU are exposed to other risk factors for hearing loss, such
as prematurity, very low birth weight, intensive care treatment with
mechanical ventilation, hypoxia, hyperbilirubinaemia and exposure
to HIV and ototoxic medication, with a higher occurrence in
developing countries.”! The well-documented effects of noise that
are seen in preterm neonates emphasise the need for investigating
and reducing noise in the NICU.!"%I

A sound level meter (SLM) with an A-weighted filter is
commonly used when investigating noise in the NICU. This filter
setting approximates the frequency sensitivity of human hearing
and is reported in A-weighted decibels (dBA).!" A-weighted
equivalent continuous sound levels (LAegs) are used to measure
the overall level of noise exposure over a period of time.!"?
Z-weighted peak sound levels (LZpeaks) are used to identify the
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highest noise levels that occur instantaneously.’? A-weighted
maximum sound levels (LAmax) differ from LZpeaks, as they
measure maximum noise levels over a period of time."? LAegs
are associated with identifying continuous noise sources (babies
crying, conversations), and LZpeaks are associated with identifying
transient noise sources (closing metal pedal bins, dropping an
object).™®! Prolonged exposure to continuous noise, especially at
higher frequencies, may result in permanent auditory damage and
hearing loss, whereas the high intensity from a transient noise can
also cause acoustic trauma.['>!*

Several studies have found that noise in the NICU exceeds the
American Academy of Pediatrics (AAP) recommendation, which
stipulates that continuous sound should not exceed an LAeq of
45 dBA and a transient sound or LAmax of 65 dBA.I'"*> The risk
for auditory damage depends on the level (loudness), duration
(time period) and frequency of exposure to noise, which should
be continuously measured over 24 hours representing a full day
and night. However, previous studies have short measurement
periods and limited data on the frequency content of noise in
the NICU.!*1¢ The majority of studies have found that human-
generated sounds and device alarms are the main sources of noise
in the NICU.”'317200 Two local studies conducted in Gauteng
and the Western Cape provinces suggest that noise levels may
be related to staff activities and room acoustics; however, lack
of data in the South African (SA) context limits generalisations
to other hospitals.'”® Consequently, the present study aimed
to investigate noise levels, sources and the frequency content in
public sector hospitals in the eThekwini District, KwaZulu-Natal
Province.
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Method

This study adopted an analytical observational study design at four
public sector hospitals, including one tertiary, and three regional
hospitals, in the eThekwini District. Ethics approval was obtained
from the University of KwaZulu-Natal (UKZN) Humanities and
Social Sciences Research Ethics Committee (HSSREC) (ref. no.
HSS/1903/017M). An SLM (Cel-450 C; Keison, UK) with an
A-weighted frequency weighting and a time-weighting of slow
response was used, according to the South African National Standards
(SANS 10083:2013).112I Noise measurements were expressed in LAeq,
minimum A-weighted sound level (LAmin), LAmax, and LZpeak.[?
The frequency analysis was conducted using a one-third octave band
filter setting to determine intensities in low, mid and high frequencies,
which were measured in Hertz (Hz).'!

A pilot study was conducted at a tertiary public sector hospital in
eThekwini that was not included in the main study. The pilot study
was conducted to assess the functioning of the SLM in the NICU, as
well as the feasibility of the methods used, including the duration of
the measurements and observation of the sources of noise. The main
study occurred at four public hospitals where the researcher conducted
site surveys (Table 1) and developed floor plans for each NICU. The
SLM and microphone were calibrated according to the manufacturer’s
specifications on each day. The SLM was positioned using the central
site procedure and SANS 10083:2013 to determine the overall noise that
neonates were exposed to in each NICU.['>'1*2!l Noise measurements
were conducted continuously for 48 hours on 2 consecutive days of the
week. A Sunday and Monday were purposively selected to represent
a weekend and a weekday, as research has identified significant
differences in noise levels between them.!'%2*! Noise measurements
were recorded on a noise measurement form, categorised as morning
(7h00 - 13h00), afternoon (13h00 - 19h00) and night (19h00 - 7h00)
periods. A sample of the sources of noise and their frequency of
occurrence were observed during the morning and recorded in a field
diary and a sources-of-noise checklist (Table 2). The checklist was
categorised according to device alarms and human-related sources,
adapted from other studies.!>'®!

Table 1. Site survey results in each hospital

After the data collection period, the results were entered into an
Excel worksheet (Microsoft Corp., USA), with descriptive and
inferential statistics being used to calculate frequency counts and
percentages for each source of noise, which were represented in
tables. Noise measurements and one-third octave band analysis
results were transferred from the SLM to a portable computer
using the dB23 software and displayed on Excel worksheets for
data analysis. With the assistance of a statistician (Dr Wilbert
Sibanda) the statistical analysis was performed using computer-
based software, the Statistical Package for Social Sciences - version
25 (SPSS-V25; IBM Corp, USA). For the interpretation of inferential
statistics, a p-value of <0.05 was considered significant.

Results

The highest mean LAeqs were observed during the afternoon in all
NICUs, and the lowest during the night (Table 3). There were no
significant differences between mean LAeqs during the morning,
afternoon and night except in hospital D, with a marginal difference
being recorded (p=0.05). There were no significant differences
between the LAegs on Sunday and Monday, except in hospital C,
where Sunday had significantly lower mean LAeq levels than
Monday (p=0.028).

The most frequently occurring sources of noise were staff
conversations (30.9%, Hospital A), monitors and ventilators (21.0%,
Hospital B) and closing metal pedal bins (20.0%, Hospital B)
(Table 2). Further analysis of the results found that activities which
increased the LAeq were the morning prayer (72.7 dBA), the presence
of multiple high-frequency alarms (74.6 dBA), closing metal pedal
bins (63.6 dBA), doctors’ rounds (59.7 dBA) and dropping a metal
stool (64.1 dBA). The sources of noise which increased the LZpeak
were the presence of multiple high-frequency alarms (109.7 dBA),
closing a metal pedal bin (110.1 dBA), doctors’ rounds (103.6 dBA),
and dropping objects (116.0 dBA, 110.8 dBA).

One-third octave band analysis from 20 Hz to 20 000 Hz found
that the highest LAeqs were seen in the mid to high frequencies
(200 Hz to 8 000 Hz). Further analysis found that mean LAeqs

Hospital A B C D
Level Tertiary Regional Regional Regional
Size (m?) 41.25 81.42 77 180
ICU 73.21 ICU and high care 90

Isolation 8.21

Isolation and low care 90

Environment Regular ward on ground High glass windows High glass windows Open plan NICU. High glass
floor. Low partitioned walls  separating isolation separating preterm and windows separating low care
separating term, preterm and room inside the NICU high care unit outside and isolation room inside
high care neonatal units the NICU the NICU

Babies (1) ICU (2) ICU (9) ICU (5) ICU (2)

High care (2) Isolation (1) High care (3)
Isolation (1)

Nurses (n)* 4 6 6 5

Wash areas (1) 1 4 1 2

Metal pedal bins (1) 1 9 15 4

Shift times Day shift (7h00 — 18h00)

Night shift (18h00 - 7h00)

Feeding time (every 3 hours /breastfeeding on demand)

Tea break (9h00 - 9h30); lunch (12h00 - 12h30)
Staff rounds (8h00 and 10h00)

*Approximate number of nurses present in the NICU during the measurement period, depending on shift requirements and tea/lunch times.

ICU = intensive care unit; NICU = neonatal ICU.
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Table 2. The frequency of occurrence (%) for sources of noise

observed in each hospital

Hospitals
Sources of noise A B © D
Device alarms
Monitors, ventilators 185 21.0 92 17.3
Human-related noise
Human vocalisations
Staff conversations 309 105 9.2 24.0
Morning prayer/singing 12 2.0 0.7 1.0
Crying babies 8.6 5.7 0.7 1.9
Coughing/sneezing 25 0 2.1 0
Laughing of staff 9.9 1.0 2.8 5.8
Object noises
Closing metal pedal bin 3.7 200 169 438
Switching on tap 7.4 105 148 115
Tearing tissue from dispenser 0.0 114 113 115
Closing of cupboard door 1.2 4.8 9.2 0
Cleaning of bins 1.2 0 1.4 1.9
Moving chairs 4.9 2.9 5.6 1.9
Ringing telephone/cell-phone 1.2 0 2.1 5.8
Washing utensils in metal sink 1.2 0 0.7 0
Wheeling of trolley/equipment 0.0 1.0 2.1 1.9
in NICU
Foot traffic 0 1.0 0 0
Dropping objects 1.2 1.9 0.7 1.9
Removing tape off boxes in the 0.0 0.0 0.7 1.0
NICU
Shuffling/tearing items 2.5 2.9 4.9 0.0
Suctioning a baby 2.5 3.8 3.5 3.8
Nebulising a baby 0 0 0.7 0.0
Hand clapping by staff 1.2 0 0.7 1.0
Music from radio or cell phone 0.0 1.0 0 2.9

Note. Percentages have been rounded off to 1 decimal place; therefore

discrepancies may occur between sums of component percentages and the total

(100%).27

>45 dBA were seen specifically between 250 Hz and 6 300 Hz on
Sunday and Monday. On Sunday, the afternoon had the highest
LAeq levels in the mid frequencies (mean (SD) 50.0 (3.7)) and
the high frequencies (mean (SD) 41.3, (11.8)), compared with the
morning and night shifts. A similar result was seen on Monday, as
the afternoon had higher LAeq levels in the mid frequencies (mean
(SD) 51.7 (3.8)), compared with the morning and night shifts,
except that the morning had a higher LAeq in the high frequencies
(mean (SD) 40.8 (11.3)), compared with the afternoon and night
shifts.

Discussion
Consistent with other studies, the noise levels exceeded AAP
recommendations, which may result in negative outcomes for the
health and recovery of preterm neonates.”'”!¥ High noise levels
that are constant throughout the day and night may result in
overstimulation and alter the functioning of the auditory system, as
the hair cells in the cochlea have no time to rest. In an occupational
setting, the time that an individual spends in a noisy environment is
reduced should the noise level exceed the recommended level, but
this is not the reality in most NICUs.""'?/ This study found that noise
levels were the highest during the afternoon; this is similar to other
studies that related high noise levels to shift changes, visiting hours,
treatment activities and more device alarms being activated.***** This
study found a significant difference between LAeqs on Sunday and
Monday in hospital C, which may be due to Sundays having fewer
staff members and associated activities compared with Mondays,
although this was not seen in other hospitals. Implementation of
proper noise control guidelines in all NICUs is needed, which should
include posting visual reminders to be quiet, dimming the light,
closing doors to external noise sources and lowering of voices to
create a calm acoustic environment, especially during the night.[®!l
The present study found that staff conversations and device alarms
occurred the most, this being consistent with previous studies. 17182224
Staff conversations were most frequent in hospital A (30.9%) (Table 2),
which was surprising, as it had the least number of staff members
(four nurses) (Table 1). A plausible reason may be that hospital A
was a tertiary facility that was involved in many activities, such as
student training, multiple ward rounds and frequent visits from
specialists, which may have increased the number of conversations.
Device alarms occurred the most in hospital B (21.0%), as it had

Table 3. Mean LAeq, LAmax, LAmin and LZpeak levels during the morning, afternoon and night shifts

Hospital Shift Mean LAeq (dBA) Mean LAmax (dBA) Mean LAmin (dBA) Mean LZpeak (dBA)
A Morning 63.0 85.3 50.7 106.9
Afternoon 64.5 86.9 51.1 107.3
Night 61.5 87.2 49.9 110.3
B Morning 63.6 90.4 54.7 110.8
Afternoon 64.4 89.7 53.2 115.9
Night 62.3 84.8 53.4 114.9
C Morning 61.8 84.7 52.6 112.6
Afternoon 62.9 82.1 52.1 105.6
Night 61.2 85.0 51.5 107.0
D Morning 61.1 87.9 44.4 110.4
Afternoon 62.3 94.1 40.7 112.5
Night 58.7 82.6 37.5 109.4

LAeq = A-weighted equivalent continuous sound level; LAmax = A-weighted maximum sound level; LAmin = A-weighted minimum sound level;

LZpeak = Z-weighted peak sound level.
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the highest number of babies (10) at that time, while hospital A
(18.5%) had 4 babies yet the number of alarms activated was similar
to hospital B. The number of alarms may not only be related to the
number of babies but also to their critical state, as critically ill babies
require more machines and monitoring, which may have resulted
in frequent alarms having been activated."”? This study found
that the presence of multiple high-frequency alarms increased the
LAeq to 74.6 dBA and the LZpeak to 109.7 dBA, which is of concern
for preterm babies. The findings have implications for educating
both medical staff and students, and limiting the number of people
entering the ward at the same time.

The most frequently occurring object noise was the closing of
metal pedal bins, specifically in hospitals B (20.0%) and C (16.9%)
(Table 2), which had the most metal pedal bins (hospital B (9)
and C (15)) (Table 1). However, further analysis found that the
frequent use of metal pedal bins may not be a concern if closed
quietly. When they are closed loudly, the LZpeak increased to
110.1 dBA, which subsequently increased the LAeq to 63.6 dBA.
The findings are of concern, as there are multiple metal pedal bins
situated next to the babies’ beds and various other metal objects
in the NICU. Intervention may include a reduction of metal pedal
bins in the room, use of alternative bins and stools, such as plastic
ones, use of protector pads on bin lids, and most importantly,
educating staff on careful handling of noisy objects to alleviate
potential noise hazards.

Additionally, a possible contributor to the overall noise level was
singing during the morning prayer (72.7 dBA), which has not been
identified in other international and local studies. Research suggests
that singing is the most common and simplest form of spiritual
nursing care in SA public hospitals, particularly found in KwaZulu-
Natal.® Further research is needed to investigate its relationship
to the noise levels in hospitals. The findings have implications for
creating awareness among healthcare professionals of the various
sources of noise in the NICU. Nurses are the most consistent
healthcare professionals in the NICU and should be key role players
in the development of noise control protocols. The inclusion of
multiple role players may also alleviate any negative attitudes
towards noise monitoring in this environment.

Research has found that common sources of noise in the NICU
(staff conversations, device alarms) produce frequencies in the
mid to high range, consistent with the findings in the present
study, which is of concern for preterm babies.>*!l The portion
of the cochlea sensitive to high frequencies is the most vulnerable
to outer hair cell damage because of the tonotopically organised
cochlea."l Therefore, preterm babies are susceptible to developing
a high-frequency hearing loss as a result of the overexposure of
noise for long periods of time in the NICU (greater than 48 hours)
in combination with pre-existing risk factors.*! The potential risk
of high-frequency noise is further increased by the fact that the
frequency content of noise is rarely monitored and researched,
leaving the problem of excessive exposure to mid- and high-
frequency noise in the NICU largely overlooked.*'*! The findings
in this study have implications for the role of audiologists to ensure
that regular hearing-screening protocols and noise assessment and
monitoring programmes, together with targeted education and
training for healthcare professionals in the NICU, are provided."®!

Recommendations

Further research is required to investigate existing standards, and
the healthcare professionals’ knowledge, attitude and practices
towards noise control in the NICU. Such information may assist
researchers in understanding gaps in education and training that
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require immediate attention. The findings from this study may be
used to implement noise control programmes and education and
training in NICUs. These findings also suggest that noise-control
protocols and policies should be established and implemented in
all local hospitals.

Study strengths and limitations

This study obtained a realistic representation of the noise exposure,
including intensity, duration, frequency content and contextually
relevant sources of noise in the NICU. These findings may be
generalised to other public hospitals. To ensure reliability and
validity of the measurements, this study utilised one SLM in a
central location, as differing measuring equipment may introduce
variability. Although noise measurements were conducted for 48
hours, possible sources of noise were only observed during the
morning. Therefore, reasons for the high noise levels during the
afternoon could not be explained further. The researcher’s presence
during the morning may also have altered the staff behaviour. Future
research should consider conducting random observations, using
multiple observers or concealing the SLM.

Conclusion

The present study findings emphasise the need for continuous
noise monitoring, awareness and education among all healthcare
professionals to reduce the high noise levels in the NICU. Further
research and intervention are needed to establish evidence-based
protocols and policies for noise control in that environment. The
findings of this study have implications for promoting a change in the
way that noise in the NICU should be controlled and managed. This
may provide better health outcomes for vulnerable preterm neonates,
and possibly improve their developmental outcomes later in life.
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