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Background. Noise exposure can negatively affect patients and staff. Patients may experience sleep disturbance, delirium and sympathetic
stimulation. Communication may be hampered, and staff may experience alarm fatigue. The World Health Organization (WHO) recommends
time-averaged sound levels of 35 dB. Prolonged exposure to noise levels >85 dB may damage hearing. Studies on noise levels in adult intensive
care units (ICUs) in South Africa are lacking.

Objectives. To compare noise levels with WHO recommendations, across ICUs and between recording zones.

Methods. A prospective cross-sectional research design was used. A class 2 sound-level meter measured noise levels in six adult ICUs at the central
station and a patient cubicle for three 24-hour periods per ICU.

Results. Time-weighted sound levels (L, ) ranged between 48 and 65 dB. There was no statistically significant difference when comparing noise
levels conditioned to ICU size, layout and between recording zones. Daytime noise levels at the central station were higher than night-time values
(p<0.001) but diurnal variation was not appreciated in patient cubicles. All ICUs exceeded WHO recommendations >80% of the time. Noise levels
>85 dB were very infrequent.

Conclusion. Noise levels consistently exceeded WHO recommendations, ranging between 48 and 65 dB. ICU size and layout do not appear
to influence noise levels. Elevated daytime noise levels at central stations may result from increased daytime staff and duties. Noise-protective
equipment is unnecessary as noise levels do not exceed 85 dB for >8 hours, but noise-reduction strategies should be broadly implemented to
improve critical care.
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Contribution of the study
This is the first study in South Africa to measure sound levels in adult intensive care units and provides baseline data which can be used to

implement interventions aimed at reducing noise levels to improve care of critically ill adult patients.

Noise levels in the hospital setting have long been a subject of interest
in research because of the impact on health and well-being.! Both
patients and staff can suffer negative physiological and psychological
consequences as a result of noise exposure.”’ Noise may impair
sleep quality, thereby increasing the risk of delirium and contributing
to longer hospital stays.** Exposure to noise has been linked to
sympathetic stimulation resulting in hypertension and tachycardia.”
Noise may enhance the release of cortisol, increase oxygen consumption,
increase the need for sedation, and disrupt circadian rhythm."** The
effects on staff may include annoyance, alarm fatigue and barriers to
communication.'**) Noise levels in intensive care units (ICUs) originate
from a variety of modifiable and non-modifiable sources, mostly
comprising noise generated by care-giving activities, equipment, and
human factors.!'®! In ICUs, common alarms typically reach sound levels
of approximately 70 dB, comparable to noise of a vacuum cleaner."
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Nebulisers can produce noise levels of up to 80 dB, similar to heavy
traffic, while objects falling to the floor have been recorded at levels as
high as 90 dB, akin to the noise of a motorcycle.!!

The World Health Organization (WHO) recommends stringent time-
averaged sound levels of 35 dB in rooms in which patients are being
treated, and a maximum of 40 dB for single noise events in hospital
rooms.""” Exposure to noise levels of 85 dB and higher for 8 hours or
longer can lead to hearing impairment, hence necessitating the use of
noise-protective equipment.'?

In South Africa (SA) several studies measuring noise levels in
operating theatres and neonatal ICUs (NICUs) have been done, but
there is a paucity of studies assessing noise levels in adult ICUs.!"*¢l This
study aims to measure the noise levels in six adult ICUs at Charlotte
Maxeke Johannesburg Academic Hospital (CMJAH) and to compare
noise levels with international guidelines.
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Methods

A prospective cross-sectional research design was used. An ethics waiver
was obtained from the Medical Human Research Ethics Committee
at the University of the Witwatersrand (ref. no. W-PR-231002-01).
Permission was obtained from the relevant departments. All six adult
ICUs at CMJAH were included in the study, namely: multidisciplinary
ICU (2), cardiothoracic ICU, neurosurgery ICU, trauma ICU and the
coronary care unit.

CMJAH is a tertiary academic hospital in Johannesburg and one
of the major public sector hospitals in the province. SA has a dual
healthcare system comprising public and private sectors.!”” The majority
of the population utilises the public sector characterised by resource-
limitations, budget constraints and high patient load.!"”

Using James and Tatton-Browns typology, the layout of ICU was
classified as open or double-corridor design, alongside additional layout
types used in healthcare architecture.!"® At CMJAH three ICUs are open
and three are double corridor. An open layout is an open space with
the central station (CS) surrounded by multiple patient beds separated
by curtains.!'® At CMJAH the open ICUs housed eight to twelve beds
separated by curtains. In the double-corridor layout the CS is separated
from enclosed patient rooms by a corridor on either side."® At CMJAH
the enclosed rooms typically contained multiple beds (one to four)
separated by curtains.

Data were collected on weekdays from a patient cubicle (PC) and the
CS at each of the six ICUs. Data were excluded if it was found that the
sound-level meter was moved during the recording period, if a patient’s
cubicle was vacant for more than 6 hours or if a technical fault was
experienced, such as loss of power supply to the meter.

Sound is measured in decibels (dB), which is a logarithmic measure
of the effective pressure exerted by a sound wave.” When sound is
measured, three frequency weightings can be applied based on the
setting.!””! These frequency weightings are A, C or Z.'"" The human
ear is most sensitive to frequencies between 2 kHz and 5 kHz."”) The
A-weighting is most appropriate in the context of human hearing
because it reduces the influence of very low and high frequencies by
boosting the mid-range frequency.!"”)

The International Electrotechnical Commission (IEC) standards
describe classes of sound-level meters as class 1 and class 2.12" Class 1
sound-level meters measure sound levels more accurately across a
broader range of frequencies of 20 Hz to 20 kHz with a tolerance of
+1.5 dB.?Y Class 1 sound-level meters are more expensive and are
preferred for precise measurements in fields such as architectural
acoustics.?" Class 2 meters are appropriate for use in general workplace
noise surveys as their frequency range is 20 Hz to 8 kHz with a
tolerance of +2.3 dB.?") Owing to financial constraints, and in keeping
with similar studies, a class 2 sound-level meter (SLM-25) was used for
the study."**) The sound-level meter captured noise levels from 30 to
130 dB. Particular analysis was done of noise levels exceeding 35 dB,
40 dB and 85 dB to allow for comparison with international standards.

Sound measurement terminology incorporates a variety of metrics
to quantify different characteristics of sound.’?* L, is the equivalent
continuous sound level over a period of time.” It represents the
sound level that contains the same amount of sound energy as the
varying levels of noise during that time.?’) L., is more greatly affected
by outliers, especially higher sound levels, because it accounts for
the total sound energy.?!) L,, aids with assessment of overall risk of
exposure as duration of exposure is considered.?) Other common
terms used to describe noise levels are L, _and L_, which respectively
refer to the highest and lowest noise levels recorded.? Useful terms
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for statistical analysis of noise levels include L, L, and Llo.[“] These
metrics indicate the noise levels surpassed for 50%, 90%, and 10% of
the observation duration, respectively.?!! The L., also considered the
median noise level, is more robust against outliers and is useful to
compare background noise levels.” The L_ was used for statistical

comparison in this study.

Data collection

Data were collected from 23 January 2024 until 22 March 2024. One
sound-level meter was used to record noise levels for the duration of
the study. Noise-level recordings were collected on weekdays. Noise
levels were measured for 24-hour periods from 07h00 until 06h59
the following day. The sound-level meter was placed by the primary
researcher at the CS for three 24-hour periods and then placed in a PC
for three 24-hour periods in each of the six ICUs. The PC closest to
the entrance was selected in each ICU and the meter was placed at an
occupied bed in the cubicle being analysed. Thirty-six samples (24-hour
recordings) were required for analysis, consisting of six samples in total
from each of the six ICUs.

The sound-level meter recorded sound levels every 3 seconds using
A-weighting frequency filter and fast response mode. Staff and patients
were requested not to move the device for the duration of the recording
period. Additional data were collected concerning the ICU layout, the
number of nursing staff present, the occupancy of the entire unit and the
occupancy of the cubicle in which the meter was placed. The ICUs were
de-identified and labelled ICU A - F. Data were exported to Microsoft
Excel (Microsoft, USA) spreadsheets for analysis. The recordings were
analysed as a continuous 24-hour period, as well as 12-hour periods with
daytime being from 07h00 until 18h59 and night-time from 19h00 until
06h59 the following day. WHO guidelines were used for comparison.

All analyses were conducted using R v4.4.0. Linear quantile regression
analysis was used to examine relationships between noise levels for
each ICU conditioned on the number of people in each ICU, noise
levels during the day and night for each recording zone (CS v. PC)
and recording zones using 24-hour record data. A Mann-Whitney
U test was used to compare noise levels conditioned on ICU layout
(double-corridor or open). In order to assess whether noise levels
exceeded recommended levels, the percentage of time spent above the
respective thresholds was calculated (35 dB, 40 dB and 85 dB). Statistical
comparisons of the time spent above the respective thresholds between
the CS and PC recording zones were performed using Mann-Whitney U
tests. A p-value of <0.05 was considered significant.

Results
Thirty-six samples were included in the final analysis, as indicated in
Fig. 1.

Table 1 outlines the characteristics of the ICUs and their measured
noise levels. Both time-weighted averages (L, ) and median sound levels
(L,,) exceed the WHO recommendation of 35 dB in each ICU during
daytime and night-time readings. Fig. 2 illustrates the median hourly
noise-level readings (dB) (solid orange or blue line), with associated
25th and 75th percentiles (shaded orange or blue bands), and maximum
and minimum hourly (grey-shaded bands) noise-level readings (dB)
at the CS and PC for ICUs A - F Each period (1 - 3) represents a
24-hour recording period from 07h00 to 06h59 the following day. The
dotted horizontal lines on each plot indicate the key health and safety
thresholds of 35 dB, 40 dB and 85 dB.

Noise levels across the ICUs were compared using occupancy as
an indicator of ICU size. The occupancy was calculated by averaging
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the number of people (patients and nursing staff) in each of the
recording zones across the three 24-hour recording periods. There
was no statistically significant relationship between the ICU noise level
and their size (median (interquartile range (IQR)) 0.2 dB (-0.3 - 0.6),
p=0.516). The noise levels across the ICUs were compared using the
layout of the ICU (double-corridor v. open layout (n=3 for each layout)).
There was no statistically significant difference between the two layouts
(-0.5dB (-7.1 - 3.3), p=0.31).

A statistically significant difference was found when comparing
daytime and night-time median (IQR) noise levels at the CS with daytime
levels being significantly higher (daytime = 52.8 dB (51.1 - 55.0); night-
time = 48.9 dB (37.5 - 52.1); p<0.001). No significant difference was
found between the daytime and night-time median (IQR) noise levels
in PCs (daytime = 52.2 dB (49.3 to 54.0); night-time = 50.2 dB (48.6
to 52.8); p=0.266) (Fig. 3A). No statistically significant difference was
found when comparing overall median noise levels of all PCs to overall
median noise levels of all CSs across the 6 ICUs (Fig. 3B).

Fig. 4 depicts the average time spent above certain health and safety
noise thresholds. These threshold values are 35 dB, 40 dB and 85 dB.
WHO recommends time-weighted average sound levels of 35 dB.
Other than the CS of ICU B, noise levels exceeded 35 dB >80% of the
time. When converted to hours, the median (IQR) time above 35 dB
in CSs was 22.5 hours (21.2 - 23.7), and in PCs it was 23.4 hours
(22.9 - 23.9), per 24-hour period. Overall, there was no statistically

Samples (recordings) recruited in ICU N=44

Samples (recordings) excluded n=8
Cubicle vacant >6 hours n=3
Technical faults (interruption of power supply) n=1
Sound level meter moved n=4

Samples included n=36

Fig. 1. Flow diagram of study sample inclusion and exclusion.

Table 1. ICU characteristics and noise levels

significant difference between the recording zones across the ICUs when
comparing the percentage of time spent above 35 dB (-1.9; -12.1 - 3.5,
p=0.31).

Single noise events should not exceed 40 dB as per WHO guidelines.
Four ICUs had noise levels >40 dB for >75% of the time. When
converted to hours, the median (IQR) time >40 dB in CSs was 20.8 hours
(18.0 - 23.9), and in PCs it was 22.5 hours (20.2 - 24.0), per 24-hour
period. Overall, there was no statistically significant difference between
the recording zones across the ICUs when comparing the percentage of
time spent above 40 dB (-4.9; -32.1 - 9.2, p=0.31).

An important threshold to consider is 85 dB because of the potential
to cause hearing damage if exposure exceeds 8 hours. Excursions in
noise levels >85 dB were very infrequent. When converted to seconds,
the median (IQR) time >85 dB in CSs was 16.8 (7.5 - 20.4) seconds, and
in PCs it was 9.6 (3.6 - 14.4) minutes, per 24-hour period. Overall there
was no statistically significant difference between the recording zones
across the ICUs when comparing the percentage of time spent >85 dB
(0.01; -0.007 - 0.027, p=0.18).

Discussion

In this study, we found that noise levels in the six ICUs at CMJAH
consistently exceeded the WHO recommended time-weighted average of
35 dB. The time-weighted average noise levels ranged from 48 to 65 dB.
There was no statistically significant relationship between the noise levels
and the ICU size or the ICU layout. At the CS, daytime noise levels were
significantly higher than night-time values, but the PC did not reveal the
same diurnal variation. No statistically significant difference was found in
the overall median noise levels between the recording zones, suggesting
that neither the CS nor the PC zone was notably louder or quieter.
Analysis of health and safety noise thresholds revealed the majority of
ICUs exceeded 35 dB >80% of the time, exceeded 40 dB >75% of the time
and excursions >85 dB were very infrequent.

Busch-Vishniac et al.””’ reviewed literature on noise levels in hospitals
and state that none of the published results are compliant with WHO
recommendations for noise levels in hospitals with average levels
exceeding WHO guidelines by approximately 20 — 40 dB. This suggests
that the guidelines may be excessively stringent and unattainable in the
ICU environment.”’ The review identifies a clear trend of increasing
hospital noise since 1960 and notably little variation across a wide
variety of hospitals and units.?’

Bed Nursing Median (IQR) sound level (L, ), dBA L_,dBA

ICU Layout capacity staff(n) Zome L _,dBA L _,dBA Day Night Day Night
A Double 16 15 (@S] 31.1 97.6 52.4 (48.5 - 55.9) 51.2 (47.5 - 53.1) 57.7 - 59.0 55.2-57.9
corridor PC 321 97.7 56.2 (51.2 - 57.8) 57.2 (50.2 - 58.1) 59.0 - 59.8 53.8 - 59.2
B Double 8 5 @S} 30.8 98.0 49.6 (41.5 - 57.8) 36.4 (34.8 - 42.7) 57.4 - 64.1 49.8 - 53.0
corridor PC 31.2 98.5 48.8 (42 - 52.9) 51.4 (36.5 - 55.6) 55.4 - 63.5 54.0 - 57.5
© Open 8 7 @S} 31.1 99.3 51.5 (47.7 - 56.2) 48.2 (46.8 - 49.9) 59.9 - 64.3 53.3-59.4
PC 30.8 89.2 49.8 (43.8 - 55.4) 51.6 (46.5 - 53.8) 57.5-61.0 51.8 - 60.2
D Open 10 6 CS 31.2 98.2 56.7 (54.4 - 60.8) 53.5(52.9 - 55.2) 63.0 - 65.7 60.2 - 63.0
RC 314 97.6 50.9 (47.5 - 55.8) 46.9 (45.1 - 48.9) 55.2-62.3 51.6 - 54.9
g Open 12 12 (@S] 30.9 98.3 52.3 (44.4 - 56.1) 48.2 (35.9 - 53.1) 51.2 - 66.4 48.7 - 63.7
PC 310 97.8 54.6 (49.5 -59.5) 50.2 (46.6 - 54.1) 56.7 - 64.2 53.2 - 59.7
F Double 12 12 @S} 30.8 98.2 51.1 (43.6 - 58.5) 40.4 (35.5 - 50.9) 60.2 - 65.1 59.0 - 62.7
corridor PC 31.3 99.8 52.6 (49 - 55.2) 51.3 (45.9 - 53.5) 58.6 - 62.2 51.8 - 56.2

CS = central station, PC = patient cubicle, dBA = dB measured using A-frequency weighting, Lmin = minimum sound level, Lmax = maximum sound level,
L50 Day = median daytime sound level from 07h00 to 18h59, L50 Night = median night-time sound level from 19h00 to 06h59,
Leq Day = equivalent continuous sound level from 07h00 to 18h59, Leq Night = equivalent continuous sound level from 19h00 to 06h59.
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SA has a dual healthcare system comprising public and private sectors.
71 The vast majority of the population utilises the public sector,
characterised by resource-limitations, budget constraints and high
patient load.!"” This study was conducted in ICUs at a tertiary referral
centre in the public sector. Average noise levels in low-middle-income
countries (LMICs), notably Columbia, Brazil and India range between
58 and 80 dB.*? Average noise levels in high-income countries
(HICs), notably Germany, England and the USA, range between 55 and
62 dB.» The average L,, sound levels measured in this study range
from 48 to 65 dB, in keeping with HICs, but still up to 30 dB higher than
the WHO recommendations.*

Studies investigating noise levels in adult ICUs in SA are lacking.
A study conducted in an NICU revealed noise levels ranging from
62.3 to 66.7 dB."") The higher noise levels may result from the unique
equipment and environmental dynamics found in NICUs. Such
equipment may include incubators, apnoea monitors and oscillators.
Unique environmental factors may include infant crying and prolonged
visitation periods for parents. It is common for studies in paediatric
ICUs to quote the American Academy of Pediatrics (AAP) guideline that
Leq sound levels should not exceed 45 dB, which is 10 dB higher than the
WHO recommendations in adult ICUs.*!

RCH

Comparing studies can be challenging because of the lack of consistency
in both measuring and reporting strategies. Several studies state
‘average’ noise levels but fail to clarify if the average refers to the L,
L,, or arithmetic mean. The arithmetic mean is inappropriate for noise
levels because the dB scale is logarithmic.”” We chose to report both
L _and L . L_ levels are appropriate to assess compliance with WHO
eq 50 eq
recommendations and enable assessment of overall risk because the
duration of exposure is taken into account.’ Reporting L, levels
enables comparison with international studies.”*! Median sound levels,
Lso’
the literature.”?

were used for statistical comparisons and are found frequently in

This study measured noise levels in various ICUs which differ in terms
of size, occupancy, typical patient pathology and typical equipment, yet
no statistically significant differences were discovered among the ICUs.
The relative consistency of noise levels suggests that the problem of
elevated noise levels is universal and noise-reducing strategies should
be applied broadly.

The impact of the noise levels on critically ill patients was not explored
as it is beyond the scope of our study. Research has demonstrated that
assessing the impact of noise levels on critically ill patients is challenging
because of multiple confounding factors.® A systematic review
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Fig. 2. Median, minimum and maximum hourly noise-level readings (dB). Median ho
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Fig. 4. Percentage of time above health and safety thresholds displayed by ICU, recording zone and time of day. Daytime and night-time 85 dB are superimposed on

the horizontal axis at 0% of the time.

estimated that approximately 30% of sleep arousals can be attributed
to environmental noise, indicating that many other factors influence
the quality of sleep of critically ill patients.”® Bundled interventions
incorporating noise-reduction strategies are associated with reductions
in the incidence of delirium, supporting the need to address noise levels
to optimise patient care."

The authors identified a paucity of studies in adult ICUs looking at
the effectiveness of interventions to reduce noise in ICUs. This should
be the focus of future research in the field, with particular attention to
cost-effective strategies that can be easily implemented in resource-
constrained environments. Acoustics and sound levels should also
be taken into consideration when hospitals are built or renovated to
incorporate insulation and soundproofing in the structure.!

Interpretation

Revolutionary changes in healthcare have enabled a variety of life-
sustaining therapies and procedures to be done in ICU. These procedures
involve a myriad of noise-generating equipment, alarms and healthcare
workers, which are all likely to contribute to such rising noise levels.

The elevated daytime noise levels at CS may result from an unaccounted

SAJCC December 2025, Vol. 41, No. 3

increase in medical staff, medical ward rounds, visitors and generally
increased activity around the CS during the day. ICU size and layout
do not appear to influence noise levels and recording zones showed
insignificant variation. This emphasises the need for generalised noise
reduction strategies in the ICU.

Limitations

Noise levels were only recorded on weekdays so variations between
weekdays and weekends were not explored. Generalisability is limited by
the small sample size, short recording period and heterogeneity of ICUs.
Noise levels were measured in one PC, which may not be representative
of noise levels throughout the unit. The impact of noise levels on
patients and staff was not explored. We did not investigate patient acuity,
clinical diagnoses, and care intensity; these factors may help explain
apparent differences in noise levels.

Strengths
Noise levels were recorded for three 24-hour periods in each recording
zone to attain robust data less affected by random events. The data were

collected by one researcher using one sound-level meter to limit bias.
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Recommendations

It is recommended that ICUs implement cost-effective noise-reducing
strategies such as staff education, signage and quiet-time protocols.
Future studies should explore the effects of noise levels on patients and
staff and should assess the effectiveness of noise-reduction strategies.

Conclusion

The findings of this study demonstrate that regardless of variations in
ICU type, size and occupancy, noise levels consistently exceeded WHO
recommendations by up to 30 dB. Despite differences in layout and
function, median noise levels showed minimal variation across different
ICU units, suggesting that elevated noise levels are a universal problem
in our cohort. These findings highlight the need for broad application of
noise-reducing strategies.

Data availability. The data used for this study are available from the authors
on request.
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