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Abstract

Background

Noise in operating theatres has the potential to lead to miscommunication, noise-induced
hearing loss and non-auditory health effects in operating theatre staff due to prolonged
exposure and can be a stressor to operating theatre staff and patients. The aim of this
study was to measure noise levels in the operating theatres at Chris Hani Baragwanath
Academic Hospital (CHBAH).

Methods

A cross-sectional study design was followed. A convenience sampling method was used
with a sample size of 24 theatres, 18 in elective operating theatres and six in emergency
operating theatres. Noise level readings at different time points, during office hours and
after hours, were obtained for each surgical discipline at CHBAH and in all emergency
operating theatres using a Type 2 sound level meter, the Professional ET-958 model, with
IEC61672-1 standard. The acceptable average noise levels in operating theatres in this
study was < 35 dB(A).

Results

The highest single peak noise level recorded was 97.1 dB(A) and the lowest single noise
level was 41 dB(A). The average noise levels range from 60.9 dB(A) in interventional
radiology to 68.5 dB(A) in orthopaedic surgery. No significant difference was found when
comparing induction, incision and emergence (p=0.5227). No significant difference was
found between the noise levels in the emergency and elective operating theatres. None of
the noise levels at different time points were found to be compliant with the

recommendations of < 35 dB(A).
Conclusion

The results of the study conducted at CHBAH found that the noise levels occurring in the
operating theatres are not compliant with and exceed the acceptable noise levels for
operating theatres according to the South African National Standards, World Health

Organization and Environmental Protection Agency.
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Section 1: Review of the literature

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

inflicted either on sick or on well.” Florence Nightingale, 1859 (1).
1.1 Introduction

In this literature review, a background to noise and noise levels is given. The
regulations for occupational noise levels and guidelines for noise levels in
operating theatres are outlined. The effect noise has on patients and operating
theatre staff, music in the operating theatre and noise sources in the operating
theatre are discussed. Noise levels at different times, in different surgical
disciplines and the effects of behaviour modification on noise levels in operating

theatres are reviewed.
1.2 Background to noise and noise levels

Sound is defined as “continuous rapid movements or vibrations that travel through
air or water and can be heard when they reach a person’s or animal’s ear” (2). It is
measured as the force per unit area produced by the sound wave and expressed
in decibels, a logarithmic scale. The pitch of the sound is determined by frequency,
which is the number of waves per second. The range of human hearing is between
20 and 20 000 Hz, with the decibel A (dB(A)) scale most in keeping with this
frequency range (3, 4). Human perception of loudness is not equivalent to the
actual sound pressure level measured in dB(A). A general rule is that an increase

of 10 dB(A) is perceived as doubling the loudness of the sound to humans (4, 5).

Noise is defined as “a sound; especially when it is loud, unpleasant or disturbing”
(2). Noise is subjective and differs between individuals. Sound becomes a noise
when it is found to be disruptive and has a negative impact on an individual’'s work,
communication or health (6). In physics, noise is “random, fluctuating,

inharmonious waveforms that interfere with desired signals” (3).

The noise levels of objects encountered in daily life vary significantly; the rustling

of leaves creates approximately 10 dB(A) of noise, normal conversation roughly 60



dB(A), a lawnmower creates 90 dB(A), while an ambulance siren is 120 dB(A). A
shotgun is 130 dB(A) when fired and a jet engine during take-off is 140 dB(A) (7).
Average noise levels have been found to be between 51 and 75 dB(A) in operating
theatres, with peak levels between 80 and 119 dB(A) (8).

The effects of noise depend on the level of noise, type of noise, predictability,
controllability, level of tolerance and task complexity involved. Continuous or
periodic noises are predictable, while discontinuous or episodic noises are found
to be unpredictable, which are considered more disruptive even at lower levels (9).

Communication is vital for operating theatre staff to ensure safe and efficient
performance. For speech to be heard with 90% accuracy, the signal to noise ratio
should be 10 — 15 dB(A) (10). Normal speech is said to be 50 dB(A), which implies
that for normal communication to be heard, the background noise in the operating
theatre should be a maximum of 35 dB(A). Noise in the operating theatre has the
potential to lead to miscommunication and errors (11). When speech is not heard
clearly, people often use visual cues to clarify the communication; however, this is
hindered in the operating theatre due to the use of surgical masks, making speech

harder to hear as it can be muffled by the mask (10).

A phenomenon known as masking occurs when multiple auditory signals present
simultaneously to the ear, resulting in difficulty distinguishing between them. The
Lombard effect occurs when the background noise is high and an individual raises

their voice, talking louder, in order to be heard above the background noise (12).

1.3 Regulations for occupational noise levels and guidelines for

noise levels in operating theatres

According to the American Occupational Safety and Health Administration (13),
“the maximal exposure times allowed for noise exposure at 90 dB is 8 hours in a
day” with a 5 dB(A) exchange rate rule, with every increase in 5 dB(A) the duration
of exposure should be halved (considering that there are interruptions in the
exposure to noise throughout the day). The National Institute of Occupational

Safety and Health (NIOSH) (14) in America recommends a maximum exposure of



85 dB(A) for eight hours, with a 3 dB(A) exchange rate rule. Both the Occupational
Safety and Health Administration and NIOSH state the maximum impulsive noise
exposure, defined as a steep increase in sound level to a peak and followed by a
rapid decrease in sound level, to be 140 dB(A). The NIOSH recommendation is
considered the more conservative and therefore safer to hearing and is the limit
quoted and used by the Department of Labour in the Environmental Regulations
for Workplaces in South Africa (15) with the maximum noise exposure allowed of
85 dB(A) for eight hours with a 3 dB(A) exchange rate rule.

The World Health Organization (16) and the Environmental Protection Agency (17)
of America have established guidelines for noise levels in hospitals and operating
theatres. The recommendation made by the World Health Organization is that
noise levels should not exceed an average of 35 dB(A) over a period of time, while
that of the Environmental Protection Agency is that noise levels should not exceed
an average of 45 dB(A) and should be kept as low as possible (16, 17). The South
African National Standards (18), as part of the South African Bureau of Standards,
has determined that average noise levels in operating theatres in South Africa
should not exceed 35 dB(A).

1.4 The effects of noise on patients

Noise in operating theatres can cause patient discomfort, with 52% of patients
reporting operating theatres being noisy and this noise inducing stress in as many
as 16% of patients (1). It is assumed that the effects of noise depend on the type
of surgery, the type of anaesthetic and the duration of exposure to the noise levels
(19).

A randomised control trial at the University of Sugkyunkwan in South Korea aimed
to determine if music or blocking the noise would decrease the bispectral index
score of patients undergoing total knee replacements under combined spinal-
epidural anaesthesia with propofol sedation (20). Fifty-nine American Society of
Anesthesiologists Class | and Il patients who were undergoing total knee
replacements were recruited and divided into three groups. The first group was the

noise group, where the patient was subjected to the ambient operating theatre



sound. The second group was the music group, where the patient could choose
the music listened to through a headset and the third group was the silent group,
where the patient’s ears were closed with cotton wool and a headset. After the
spinal-epidural anaesthetic was completed, the bispectral index score monitor was
placed to obtain a baseline reading. The propofol sedation was then commenced.
The results of the study showed that bispectral index scores were similar in the

noise and music groups with a reduction seen in the silent group (20).

The protective reflex of the stapedius muscle contracting when a loud noise is
heard is decreased or abolished by many anaesthetic agents. This is a risk and
can affect patient hearing as there is the transmission of the sound energy to the
inner ear. Elderly patients and those exposed to long noisy procedures are
particularly susceptible to damage (1).

Another potential complication of higher noise levels in operating theatres is
surgical site infections. This occurs when incisions are contaminated by skin
commensals, potentially due to non-compliance with aseptic principles due to
distractions such as noise. A study consisting of 64 patients with no known risk
factors for surgical site infections was conducted at the Milton Keynes General
Hospital in the United Kingdom (5). The patients were followed up for 30 days
post-operatively. The noise levels were measured during the surgical procedures
in order to determine a possible link. The results showed that in the five patients
who developed surgical site infection, the noise levels were up to 10 dB(A) above
the starting baseline of 47.6 dB(A), specifically at the 50-minute mark of the
surgery which corresponded with the closure of the wound. Music and unrelated
conversations contributed to the noise levels, possibly distracting the surgeon. The
fact that the junior surgeon or assistant is often left to close the wound is also
considered, as studies have shown that distraction due to noise and music is
inversely proportional to experience, with the more experienced senior surgeon

less affected than the junior surgeon (5).



1.5 The effects of noise on operating theatre staff

Noise-induced hearing loss is a sensorineural condition that cannot be treated
medically. It often develops slowly and is only noticed once hearing has been
significantly impaired (21). The characteristics of noise that can result in hearing
loss include sound pressure (dB), frequency (Hz), duration of exposure and
pattern of exposure (1). Personnel-related factors that may predispose staff to
hearing loss include age, comorbidities, medications, substance abuse and
cumulative exposure (22). The anaesthetist is particularly vulnerable to the effect
of operating theatre noise on hearing loss due to prolonged exposure (1). A study
showed that anaesthetists younger than 55 years of age, when compared to the
general population, had significant deficits in their hearing, with 66% showing

abnormalities in audiograms (23).

It is hypothesised that noise causes its hon-auditory health effects by disrupting
communication as well as causing annoyance. Noise is a stressor and can have
an additive effect on other stressors, which are often found in the operating theatre
environment (24). Stress is associated with many health complications, such as
hypertension and other cardiovascular disease (25), fatigue, cognitive dysfunction,
headaches, anxiety and irritability in staff members (4); as well as increased
cortisol levels which can contribute to insulin resistance, stress ulcers and can
further worsen cardiovascular disease (25). This is all dependent on the
characteristics of the noise and its associations. Noise has been shown to
compromise social cue interpretation, reducing helpfulness and increasing

aggression (24).

Complex mental tasks, performed by all operating theatre staff, are at risk of being
disrupted with up to 84% of anaesthetists reporting that noise affected their ability
to perform mental tasks efficiently and short-term memory tests were negatively
affected (1). Approximately 54% of all operating theatre personnel working in
Greek public hospitals reported that noise disturbed them in the operating theatre
(19).



The operating theatre is an environment that has many different forms of
information occurring simultaneously, this often requires personnel, especially
anaesthetists, to multitask while monitoring patients. At the Vanderbilt University in
Nashville, a study assessed the ability of 33 anaesthesiology registrars to perform
a visual task (testing attention) and determine a change in the tone of the pulse
oximeter (26). The results of this study showed that the visual task with increasing
difficulty significantly affected the participants’ ability to detect changes in the pulse
oximeter tone and their reaction time, with the presence of background noise

compounding these effects (26).

A randomised crossover volunteer study performed at the Rouen University
Hospital in France, objectively assessed the effect a noisy environment has on the
anaesthetists’ clinical reasoning ability using a script concordance test designed
as a series of vignettes (27). The results revealed that the more junior residents in
their first and second years performed less well in the noisy environment. This was
not seen in the more senior residents, showing the possibility of adaptation to
noise. However, the concentration in all residents was shown to be 50% lower in

the noisy environment, evaluated using a visual analogue scale (27).
1.6 Music in the operating theatres

Music is a contributing factor to noise and noise pollution. A study performed in the
United Kingdom showed that 72% of operating theatre staff report music being
played (28). It has been found that the choice of music, as well as how it is played,
are important factors as to the effect it has on staff and patients (1). Music is often
played too loudly in operating theatres, increasing the volume of the alarms to
compensate, resulting in more noise (7). Twenty to 26% of operating theatre staff
members find that music is distracting and impairs effective communication,

especially during emergencies or complications (10).

A study conducted in Glasgow at the Western Infirmary aimed to determine the
effect of music and noise on psychomotor performance of anaesthetists (29).
Twelve anaesthetists were selected to perform two computerised psychomotor

tests, performing each test while wearing headsets with adjustable volumes. Each



subject listened to Pachelbel’s Canon in D, self-chosen music, white noise or had
silence while performing the tests. The results of this study showed that there was
no significant difference in outcomes and that in a laboratory setting, music did not
impact the anaesthetists’ psychomotor performance (29).

An observational study in operating theatres at the Imperial College in London was
designed to assess the effect of music on communication in operating theatres
(30). Video recordings were made of 20 operations, with a total of 5 303 request
and response observations made. Sixty-nine of these requests were repeated
requests; 63 of these occurred in the operations with music playing showing that
with music playing there is a more than five-fold increase in having to repeat the
request. The effect of these repeat requests is an increase in the total operating
time from 4 — 68 seconds per request. This also results in added frustration

between staff members (30).
1.7 Noise sources in the operating theatres

Operating theatres are designed to be efficient and convenient to clean and
maintain sterility of the operating field. The air conditioning unit contributes to the
baseline noise of the operating theatre, with baseline noise levels averaging 50
dB(A) (31). The surgical equipment and trolleys are made of stainless steel,
resulting in loud peaks of noise when instruments are dropped or fall on to the
surface. Modern surgical equipment is a source of noise in operating theatres, with
electric or air-powered drills, hammers and saws contributing significantly to noise
level. The walls, floors and ceilings are made of easily washable materials in
smaller areas prolonging the reverberation time of sound in the room (25). Forced-
air warming units can create up to 84 dB(A) of noise encountered in operating
theatres (1, 32). Anaesthetic machines and the associated alarms are considered
a major source of noise in the operating theatre and are considered to be the most

disruptive, according to operating theatre staff (1).

At the Indiana University Medical Centre, America, a survey was conducted on
baseline operating theatre noise and then individual surgical equipment noise

levels were measured (22). The baseline noise was found to be 53 dB(A) and the



equipment used had an additive effect, with all the equipment resulting in higher
noise level at their maximum power setting. This showed that decreasing the
power setting or number of revolutions per minute would result in less noise
production. The study also showed that the smaller chisels and smaller drill bits
were less noisy (22). In Johns Hopkins Hospital, in Baltimore, America, the
average noise levels in 38 of the operating theatres ranged from 53 — 70.5 dB(A),
with a peak noise level of 112.8 dB(A) (31).

A study conducted by Keller et al (33) at the University Hospital of Bern,
Switzerland, recorded noise levels during 109 surgical procedures and determined
the average noise level to be 59.5 dB(A). In Greece, nine public hospitals had
noise levels measured in the operating theatres and found the mean noise levels
to be from 57.4 — 78.2 dB(A) (19). The Cork University Hospital in Ireland found
the mean noise level over 43 surgical procedures to be 63 dB(A), with the peak
noise level of 92.8 dB(A) (12). At Hautepierre Hospital in France, the average

noise levels measured during 26 surgical procedures was 52.1 dB(A) (9).

Wang et al (11) at Peking University Third Hospital in China showed the average
noise levels across the operating theatres to be 61.8 — 66.7 dB(A) with the mean
noise level of 64.2 dB(A). In the Chongging Jiulongpo District Hospital of
Traditional Chinese Medicine in China, the average noise level for orthopaedics,
gynaecology and general surgery was 62.3 dB(A) (34).

In Egypt, the noise levels at the Kars Al Ainy Hospital were measured during
surgical procedures performed under regional anaesthesia. The study found the
mean noise levels to be 73 dB(A), with background noise levels of 49.9 dB(A) and
a peak level of 97.2 dB(A) in the orthopaedic operating theatre and a minimum
level of 51.6 dB(A) in the ophthalmology operating theatre (35).

1.8 Noise levels at different times in the operating theatres

A study performed in New Brunswick, New Jersey, America, looked at 23 cardiac
procedures with the aim to determine noise levels at specific times during the

procedure (25). The noise levels were measured for two minutes, with the



maximum value included. The time periods were room setup, induction, skin
incision, 60 minutes post-incision, off bypass, emergence and then transport of the
patient. The results of this study showed that noise levels are notably higher
during induction and emergence when compared to baseline and skin incision
(25).

In Greece, a total of 43 surgeries performed in nine public hospitals attempted to
ascertain which stage during the procedure was associated with the most noise
(19). The surgery was divided into three periods; pre-surgical, surgical and post-
surgical. A sound meter was observed with peak noise levels of 75 dB(A) or higher
noted with the source of the noise. The results showed that the pre-surgical time
was the noisiest and the surgical time the quietest period. Sources of noise peaks
observed during the operations, in order of loudness, were as follows: connection
or disconnection of gas supply, displacement of equipment, tools and objects
falling, metal trays, talking or laughing, doors opening or closing, suction, machine

alarms and diathermy (19).

At the University of Hautepierre in France, 26 paediatric general surgery cases
had noise levels recorded, dividing each into three specific times, P1 to P3. P1
was the entry of patient and preparation until prior to incision, P2 was from incision
until the dressing application and P3 was from completion of dressing until exit
from the operating theatre. Average noise levels were found to be around 52.1
dB(A). P1 and P3 were louder than P2, with levels of 56.5 dB(A) and 55.5 dB(A),
respectively, compared to 53.1 dB(A) (9).

At the Zeynep Kamil Hospital in Istanbul, Turkey, a study was conducted which
determined the noise levels for weekdays and weekends at different times of the
day and night (36). This study measured noise levels in the operating theatres,
clinics and outpatients on a Tuesday, Friday and Saturday over one-hour periods;
09:00 — 10:00, 13:00 — 14:00, 17:00 — 18:00, 21:00 — 22:00 and 03:00 — 04:00.
The results showed that on average the noise levels in the operating theatres were
lowest on Saturday at 65.3 dB(A) and highest on Tuesday at 75.7 dB(A). The
noisiest period of time on Tuesday and Friday were found to be 13:00 — 14:00,
with noise levels of 81.3 dB(A) and 72.9 dB(A), respectively, and 17:00 — 18:00 on



Saturday with noise levels of 66.9 dB(A). The outpatient department was found to
have average noise levels higher than both the clinics and operating theatres, with
Saturday 09:00 — 10:00 being the highest at 78.5 dB(A). The clinics had the lowest
average noise levels, with the highest noise level found on Friday 09:00 — 10:00 at
70.2 dB(A). The quietest time for all three days was 03:00 — 04:00, with the
operating theatres’ noise levels at 52.3 dB(A), the clinics at 53,5 dB(A) and the
outpatients at 55.6 dB(A) (36).

1.9 Noise levels in different surgical disciplines

In maxillofacial operating theatres at The Royal Blackburn Hospital in the United
Kingdom, noise levels were measured during 50 different surgeries. The average
noise level was found to be 58 dB(A) ranging from 54 — 61 dB(A), with peaks

reaching a maximum of 117.4 dB(A) when power tools were in use (37).

At the University of Damascus in Syria, the noise levels that dentists were
exposed to were determined during oral surgery and ranged from 62.1 — 72.7
dB(A) (38). This study also found a difference in noise levels produced by
equipment, with new turbine drills producing noise levels of 70.9 dB(A) and used

turbine drills producing noise levels of 80 dB(A) (38).

Studies have found orthopaedic surgeries to have the highest noise levels due to
the tools used (39-41). A study conducted by the Department of Anaesthesia at
Cork University in Ireland looked at the noise levels in 43 orthopaedic surgeries to
determine the average noise levels and the peak levels above 65 dB(A) and
determined the sources of these peaks (12). Average noise levels were found to
be 63 dB(A), with a maximum peak level of 92.8 dB(A). In 22.2% of cases, noise
levels were higher than 65 dB(A), with levels over 80 dB(A) in only 1% of cases.
Peaks above 65 dB(A) were assessed; conversations between staff members
were the noise source in 29.5% of cases, 19.9% were due to metal instruments
and 19.1% due to orthopaedic tools. Regarding the conversations, 54.4% were

patient-related or with the patient and 45.6% were not (12).
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At the Tufts University in Boston, America, the noise levels experienced in the
obstetric operating theatres were determined (42). A total of 10 scenarios were
recorded, measuring the noise levels in the centre of the operating theatre with the
addition of various noise sources being suction, pulse oximeter, paper crinkling
and people talking. The initial noise measurement was the operating theatre
baseline at 54.3 dB(A). With the addition of three suction machines, the noise level
was 58.5 dB(A). The three suction machines and the pulse oximeter combined
had a noise level of 59.8 dB(A). The suctions machines with the pulse oximeter
and glove paper crinkling had noise levels of 81.3 dB(A). The suctions, pulse
oximeter and with two people talking measured noise levels of 73 dB(A) and with
the addition of glove paper crinkling measured 81.6 dB(A). The suction, pulse
oximeter and the throwing away of sharps resulted in a noise level of 77.7 dB(A).
The authors concluded that a large amount of noise is avoidable or modifiable with

behaviour modification (42).

In the academic hospitals associated with the Hamadan University in Iran, the
noise levels in operating theatres were determined and compared to the
recommended standards (43). The findings were that all operating theatre noise
levels were above the recommended noise levels, with orthopaedic surgery being
the noisiest. The main sources of noise in this study were falling objects at 93
dB(A) followed by alarms and hammering at 78 dB(A) and 77 dB(A), respectively
(43).

1.10 The effects of behaviour modification on noise levels in

operating theatres

In order to determine if noise levels could be reduced with behaviour modification,
a quality improvement project was implemented over four months in two
community hospitals associated with the Post University in Waterbury,
Connecticut, America (44). The first two months involved obtaining initial noise
levels in the operating theatres and then analysing the data that was collected. In
the third month, changes were implemented, which involved lectures as well as a

formal letter which contained details regarding noise and specific strategies to be

11



used to decrease the noise levels encountered in the operating theatre, especially
during induction and emergence of anaesthesia. Along with this, posters stating
“Quiet Please” were placed on all the operating theatre doors as a reminder. A
sound meter was placed on the anaesthetic machine, large enough to be visible to
all the staff members in the operating theatre so that they could be aware of the
noise levels created. During the fourth month, noise levels in the operating
theatres were reassessed, showing that after implementing these changes there
was a statistically significant reduction in noise levels during induction and
emergence, as well as a reduction in the number of episodes of noise levels
greater than 70 dB(A) (44).

Ukegjini et al (45) confirmed that visual feedback on noise levels intra-operatively
resulted in a reduction in the average noise levels. This was done with a
prospective single-centred study conducted in two phases at the Kantonsspital St.
Gallen in Switzerland. Phase one determined the average noise level of
54.6dB(A). A sound level meter which provided visual feedback to the staff was
used in phase two. There was a reduction in the average noise level to 50.8 dB(A),
confirming that behaviour modification can reduce noise levels in operating
theatres (45).

1.11 Summary

All the studies found in this literature review showed that the operating theatre
noise levels were in excess of the recommendations made, showing that this is a
global problem. It has been found that noise is particularly detrimental to
anaesthetists due to the prolonged exposure and the association with loudest
noise levels occurring during induction and emergence of anaesthesia. Noise has
been shown to have detrimental effects on staff and patients and that with

behaviour modification, it may be possible to improve this.
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Abstract

Background

Noise in operating theatres has the potential to lead to miscommunication, noise-
induced hearing loss and non-auditory health effects in operating theatre staff due
to prolonged exposure and can be a stressor to operating theatre staff and
patients. The aim of this study was to measure noise levels in the operating
theatres at Chris Hani Baragwanath Academic Hospital (CHBAH).

Methods

A cross-sectional study design was followed. A convenience sampling method was
used with a sample size of 24 theatres, 18 in elective operating theatres and six in
emergency operating theatres. Noise level readings for different time points,
during office hours and after hours, were obtained for each surgical discipline at
CHBAH and in all emergency operating theatres using a Type 2 sound level
meter, the Professional ET-958 model, with IEC61672-1 standard. The acceptable
average noise levels in operating theatres in this study was < 35 dB(A).

Results

The highest single peak noise level recorded was 97.1 dB(A) and the lowest single
noise level was 41 dB(A). The average noise levels range from 60.9 dB(A) in
interventional radiology to 68.5 dB(A) in orthopaedic surgery. No significant
difference was found when comparing induction, incision and emergence
(p=0.5227). No significant difference was found between the noise levels in the
emergency and elective operating theatres. None of the noise levels at different

time points were found to be compliant with the recommendations of < 35 dB(A).
Conclusion

The results of the study conducted at CHBAH found that the noise levels occurring
in the operating theatres are not compliant with and exceed the acceptable noise
levels for operating theatres according to the South African National Standards,

World Health Organization and Environmental Protection Agency.
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Introduction

Noise has been labelled as “the third pollution”, alongside air and water pollution
(1), with studies (2-5) conducted in different countries showing noise levels in
operating theatres to be higher than the recommendations of the regulatory
bodies. The World Health Organization (6), as well as the Environmental
Protection Agency (7), established regulations for noise levels in hospitals and
operating theatres, with the World Health Organization (6) stating that it should not
exceed an average of 35 dB(A), and the Environmental Protection Agency (7)
limiting noise to 45 dB(A) on average. The South African National Standards (8), a
division of the South African Bureau of Standards, has determined that average

noise levels in operating theatres in South Africa should not exceed 35 dB(A).

Mean noise levels have been found to be between 51 and 75 dB(A) in operating
theatres, with peak levels between 80 and 119 dB(A) (9). Sources of noise in the
operating theatre can be air conditioning, anaesthetic machines and monitors,
suction, forced air warming blankets, equipment falling, trolley movement and
conversations (5, 10). Operating theatres are designed to be efficient and
convenient to clean, with walls, floors and ceilings being made of hard and easy to

clean material, resulting in a long reverberation time of the sound (1).

Communication is vital between operating theatre staff for safe and efficient
performance. The signal to noise ratio is defined as “ a measure of how much
useful information you receive, compared to information which is not useful” (11).
For speech to be heard with 90% accuracy, the signal to noise ratio should be 10
— 15 dB(A) (12). Normal speech is said to be 50 dB(A), which implies that for
normal communication to be heard, the background noise in the operating theatre
should be a maximum of 35 dB(A). Noise in operating theatres has the potential to

lead to miscommunication and errors (3, 12).

Noise can result in noise-induced hearing loss, a form of sensorineural hearing
loss that cannot be treated medically, with operating theatre staff being vulnerable
to this due to prolonged exposure to increased noise levels (13). Noise can be a

stressor to operating theatre staff, which can have an additive effect on other
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stressors, resulting in non-auditory health effects, such as fatigue, cognitive
dysfunction, headaches, anxiety, insulin resistance, as well as cardiovascular
effects (14). Studies show that noise levels in the operating theatre are loudest at
induction and emergence, which may have a compounding effect on the

anaesthetist as these are considered stressful periods (4, 15, 16).

A study by Liu et al (17) has shown that patients can be affected by noise in the
operating theatre, inducing stress in up to 16% of patients. A randomised control
trial conducted in South Korea showed a reduction in bispectral index scores for
patients undergoing regional anaesthesia with propofol sedation when operating
theatre noise was blocked by a headset (18). Dholakia et al (19) suggest a link

between increased noise levels and surgical site sepsis.

Noise in operating theatres is a problem, with noise levels found to be in excess of
recommendations globally (2, 3, 5, 20). No study has been conducted to
determine if the noise levels in the operating theatres of Chris Hani Baragwanath
Academic Hospital (CHBAH) are compliant with the recommendations. The aim of

this study was to measure noise levels in the operating theatres at CHBAH.
Methods

An ethics waiver was obtained from the Human Research Ethics Committee
(Medical) at the University of the Witwatersrand and other relevant authorities. A

cross-sectional research design was followed in this study.

Noise level readings were obtained in the operating theatres of CHBAH. There are
25 functioning operating theatres during office hours at CHBAH, seven of which
are emergency operating theatres. After hours there are six operating theatres for
emergency procedures. The operating theatre complex has three dedicated
elective orthopaedic surgery lists, two elective general surgery lists and one
elective gynaecology and neurosurgery list daily. The other surgical disciplines
share the remain operating theatres.

In this study, a convenience sampling method was used with a sample size of 24

theatres, 18 in elective operating theatres during office hours and six in emergency
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operating theatres, three during office hours and three after hours. Noise level
readings were obtained for each surgical discipline and in all emergency operating
theatres during office hours or after hours. Time points were recorded by a single
author (AC); time in, anaesthetic start time, incision time, closing time and time

out.

In consultation with occupational hygienists at the National Institute for
Occupational Health, a Type 2 sound level meter was selected to measure noise
for this study as it was not for occupational health and safety purposes. There are
two types of sound level meters, Type 1 and Type 2. A Type 2 sound level meter
is considered less accurate than a Type 1 sound level meter which is used to
measure noise levels in the workplace in terms of the Occupational Health and
Safety Act (21). Due to financial constraints, a Type 2 sound level meter was used,
the Professional ET-958 model, with IEC61672-1 standard. The sound level meter
has software that allowed the readings to be downloaded onto a computer using

the data logger and then further analysed.

Data were collected from 1 September to 31 October 2019. One sound level meter
was used to collect data over the two month period. The sound level meter was
placed by the single author (AC) above the door of the operating theatre and set to
measure the noise level each second. Staff members were not informed about the
presence of the sound level meter in an attempt to avoid bias. A note placed with
the sound level meter requesting that the device should not touched or removed
but with no elaboration of what the device was. For office hours, the sound level
meter was placed in the operating theatre just prior to 07:00 and collected at
16:00. For after-hours the sound level meter was placed in the emergency and
obstetric operating theatres just before 16:00 and collected at 06:30 the following
morning. Once collected, the data on the sound level meter were downloaded onto
a computer. A list of data points collected and the operating theatres in which the

data was collected are shown in Table 1.

29



Table 1 — Data points collected and operating theatres where collected

Data Operating theatres
Theatre number Burns
Surgical discipline Ear, nose and throat surgery
Type of procedure Emergencies
Time in to theatre General surgery
Anaesthetic starting time Gynaecology
Incision time Interventional radiology
Closing time Maxillofacial surgery
Time out of theatre Neonatal surgery
Overall noise level (baseline, active time and down | Neurosurgery
time) Obstetrics
Noise level at induction Ophthalmology
Noise level at incision time Orthopaedic surgery
Noise level at emergence. Paediatric surgery
Urology
Vascular surgery

Noise levels were recorded from when the patient arrived in the operating theatre,
from time in to time out of the operating theatre (active time) and noise levels while
the operating theatre was not in use, between time out and time in (down time).
The baseline noise level was recorded when there was no activity in the operating
theatre. Noise peaks and the lowest noise level were also described. The average
noise levels for a period of time were calculated using a Microsoft Excel®
spreadsheet by dividing each measurement by 10. The anti-log of these values
was determined and the relevant values for the period added together and then
divided by the total number of values used. The logarithm to the base 10 of the
total was calculated and multiplied by 10 to obtain the average noise level (22).
The acceptable noise level determined by the South African National Standards
(8) for operating theatres is < 35 dB(A) and was used as the acceptable noise

level in this study.
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Data were analysed using the statistical program STATA version 15.0 (StataCorp,
USA). Noise levels were recorded in dB(A)s and were presented as means and
standard deviations. Comparisons between the noise levels in elective and
emergency operating theatres were made using the independent t-test. A p-value

of < 0.05 was considered statistically significant.

Results

Twenty-four noise level recordings were taken from the operating theatres of the
different disciplines. The operating theatre lists, number of recordings and time of

recording are shown in Table 2.
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Table 2 — Operating theatre list, number of recordings and time of recording

Operating theatre Time of day Time of week
list Recordings Office After Weekday Weekend
hours hours
Number (%) Number

Burns 1(4.2) 1 1
Ear, nose and throat 1(4.2) 1 1 0
surgery
Emergencies 6 (25) 3 3 4 2
General surgery 2 (8.3) 2 0 2 0
Gynaecology 2 (8.3) 2 0 2 0
Interventional 14.2) 1 0 1 0
radiology
Maxillofacial surgery 1(4.2) 1 0 1 0
Neonatal surgery 1(4.2) 1 0 1 0
Neurosurgery 1(4.2) 1 0 1 0
Obstetrics 1(4.2) 0 1 1 0
Ophthalmology 1(4.2) 1 0 1 0
Orthopaedic surgery 3 (12.5) 3 0 3 0
Paediatric surgery 1(4.2) 1 0 1 0
Urology 1(4.2) 1 0 1 0
Vascular surgery 1(4.2) 1 0 1 0
Total 24 20 4 22 2

The highest single peak noise level recorded was 97.1 dB(A) in the burns

operating theatre. The lowest single noise level of 41 dB(A) was in a paediatric

surgery operating theatre. The average noise levels range from 60.9 dB(A) in

interventional radiology to 68.5 dB(A) in orthopaedic surgery. The mean peak

noise level of 88.9 dB(A) was significantly higher than the noise levels at the other

time points (p=0.001) and the mean lowest noise level of 46.6 dB(A) was

significantly lower than the noise levels at the other time points (p=0.001). Table 3

shows the peak and minimum noise levels recorded in the operating theatres.
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Table 3 — Peak and minimum noise levels in the different operating theatres

Operating theatre Noise level (dB(A))
Peak Minimum
Burns 97.1 45.6
Emergencies 95.7 445
Orthopaedic surgery 95.3 41.4
Paediatric surgery 93.1 41.0
General surgery 92.3 44.4
Obstetrics 88.9 44.0
Maxillofacial surgery 88.5 45.1
Ear, nose and throat surgery 88.5 47.1
Gynaecology 88.2 42.3
Urology 88.0 43.7
Ophthalmology 87.3 46.8
Interventional radiology 86.4 50.7
Vascular surgery 85.5 51.9
Neonatal surgery 85.2 44.3
Neurosurgery 84.8 53.0

The mean noise levels of the operating theatres at the different time points and the
mean maximum and minimum noise levels for the time points are shown in Table
4.
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Table 4 — Operating theatre noise levels at the different time points

Time point Noise levels in dB(A)
Mean (SD) Minimum Maximum

Baseline 63.4 (4.1) 52.4 71.6
Induction 65.4 (2.7) 59.2 68.9
Incision 64.8 (2.4) 58.1 69.1
Emergence 65.1 (2.4) 59.9 70.3
Active time 64.9 (2.2) 59.8 69.2
Down time 65.5 (2.0) 61.7 69.3
Overall 65.2 (2.0) 60.9 68.5

No significant difference was found when comparing induction, incision and

emergence (p= 0.5227).

In the emergency operating theatres, 4 after-hours operating theatres had noise
level recordings, with the overall noise level mean (SD) found to be 64.7 (2.4)
dB(A) and office-hours overall noise level of 65.4 (1.0) dB(A). The comparison
between the noise levels in elective and emergency operating theatres at the
different time points are shown in Table 5. No significant differences were found.
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Table 5 — Comparisons between noise levels in elective and emergency

operating theatres

Measurement Noise levels in dB(A) P-value
time Elective theatre | Emergency theatre
Mean (SD)

Baseline 63.6 (2.8) 62.9 (6.1) 0.7530
Induction 65.5 (2.6) 65.0 (2.9) 0.6598
Incision 64.9 (2.6) 64.4 (1.9) 0.5615
Emergence 65.3 (2.6) 64.7 (1.9) 0.5986
Active time 65.1 (2.4) 64.5 (2.1) 0.5729
Down time 65.5 (1.8) 65.6 (2.5) 0.8974
Peak 88.9 (3.7) 88.9 (3.7) 0.9723
Lowest 46.2 (3.9) 47.4 (3.6) 0.4840
Overall 65.3 (2.1) 65.1 (1.7) 0.8112

None of the time point noise levels were found to be compliant with the
recommended < 35 dB(A). The 15 procedures noted to have the highest peak
noise levels are shown in Figure 1, which depicts the peak noise levels during
surgical procedures. The South African National Standards acceptable noise level

for operating theatres is indicated by the red line.
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South African National Standards
Ureteroscopy and laser renal calculi
Exploratory laparotomy

Total hip replacement

Below knee amputation

Diagnostic laparoscopy

Incision and drainage perianal abscess
Total abdominal hysterectomy

Direct laryngoscopy and biopsy
Incision and drainage groin abscess
Caesarean section

Colonoscopy

Total knee replacement

Open reduction and internal fixation ankle
Relook Laparotomy

Split skin graft

Surgical procedure

0 20 40 60 80 100 120
Peak noise level dB(A)

Figure 1 — The 15 highest peak noise levels and surgical procedure
Discussion

Noise in the operating theatre has the potential to lead to miscommunication and
errors (3). Complex mental tasks, performed by all operating theatre staff, are at
risk of being disrupted, with up to 84% of anaesthetists reporting that noise
affected their ability to perform tasks — with short-term memory tests being
negatively affected (15).

When speech is not heard clearly, people often use visual cues to clarify the
communication; however, this is hindered in the operating theatre due to the use
of surgical masks and making speech harder to hear as it can be muffled by the
mask (12). The Lombard effect occurs when the background noise is high and an
individual raises their voice, talking louder in order to be heard above the
background noise, resulting in higher noise levels (23).

The anaesthetist is particularly vulnerable to the effect of noise on hearing loss
due to prolonged exposure to operating theatre noise (15). The Department of
Labour in the Environmental Regulations for Workplaces in South Africa (21)
states that the maximum noise exposure allowed is 85 dB(A) for eight hours with a
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3 dB(A) exchange rate rule, with every increase in 3 dB(A) the duration of
exposure should be halved. If exposure is more than this, hearing protection
should be implemented. This study did not find the need for hearing protection
according to the above regulations. However, Wallace et al (24) showed that
anaesthetists’ younger than 55 years of age, when compared to the general
population, had significant deficits in their hearing, with 66% showing
abnormalities in audiograms. Operating theatre noise is also of concern for
patients as the protective reflex of the stapedius muscle contracting when a loud
noise is heard is decreased or abolished by many anaesthetic agents. This is a
risk and can affect patient hearing as there is transmission of the sound energy to
the inner ear. Elderly patients and those exposed to long noisy procedures are

particularly susceptible to damage (15).

Mean noise levels have been found to be between 51 and 75 dB(A) in operating
theatres, with peak levels between 80 and 119 dB(A) (9). This is in keeping with
the findings of this study, with the mean overall noise level of 65.2 dB(A) and the
peak noise level of 97.1 dB(A). According to the South African National Standards
(8), none of the operating theatres in the hospital complex were found to be
compliant with the average noise levels exceeding the stated maximum of 35
dB(A).

The air conditioning unit contributes to the baseline noise of the operating theatre,
with baseline noise levels averaging 50 dB(A) at the John Hopkins Hospital (20)
and 53 dB(A) at the Indiana University Medical Centre (25). In the operating
theatres of CHBAH, the mean baseline noise level was found to be 63.4 dB(A).

When describing noise levels at induction, incision and emergence, the mean
noise levels were found to be higher at induction at 65.4 dB(A), then emergence at
65.1 dB(A), with incision being the lowest at 64.8 dB(A). This finding is in keeping
with other studies, such as the study conducted at the University of Hautepierre in
France, which found mean noise levels from the patient entering the operating
theatre until prior to incision of 56.5 dB(A), from incision to dressing application of
53.1 dB(A) and from the completion of dressing application until the patient exited

the operating theatre of 55.5 dB(A) (4). In Greek public hospitals, presurgical time
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was found to be the noisiest, with surgical time the quietest (5). Ginsberg et al (16)
in New Brunswick, New Jersey, found that noise at induction and emergence was
notably higher when compared to baseline and skin incision. In this study the
mean noise level during down time was the highest, possibly due to cleaning and

preparing the operating theatre.

It was hypothesised that the noise levels in the emergency operating theatres
would be higher than in the elective operating theatres due to the nature of the
procedures. No statistically significant difference was found, with the mean overall
noise level in elective operating theatres of 65.3 dB(A) and emergency operating
theatres of 65.1 dB(A).

The noise levels found in emergency operating theatres during office hours were
higher overall when compared to the noise levels after hours, with a mean overall
noise level of 65.4 dB(A) and 64.7 dB(A), respectively. Although the highest peak
noise level, 95.7 dB(A), in the emergency operating theatres occurred after hours.
A study by Yarar et al (26) in Istanbul, Turkey, found similar results with the noise
levels being higher during the week between 13:00 — 14:00 and the lowest on
Saturday between 03:00 — 04:00.

Studies have found orthopaedic surgeries to have the highest noise levels due to
the tools used (27-29). The Department of Anaesthesia at Cork University in
Ireland documented mean noise levels of 63 dB(A) with a peak noise level of 92.8
dB(A) (23). At CHBAH, the highest peak noise level of 97.1 dB(A) was found in the
burns operating theatre, with the mean noise level in this operating theatre of 66.9
dB(A). Orthopaedic surgery had the third-highest peak noise level, occurring
during an open reduction and internal fixation of an ankle, of 95.3 dB(A) and with a

mean noise level of 64.1 dB(A).

Limitations of this study are that it is a contextual study done at CHBAH and
cannot be generalised to other hospitals and that the sources of the noise levels
were not assessed. Due to the small sample size, the comparisons are

underpowered.
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Recommendations are for in-house training of all the operating theatre staff
regarding noise reduction, as well as signage requesting silence in the operating
theatres and a follow-up study to assess any improvement after the above-

mentioned interventions.
Conclusion

The aim of this study was to measure noise levels in the operating theatres at
CHBAH. The results of the study found that the noise levels occurring in the
operating theatres are not compliant with and exceed the acceptable noise levels
for operating theatres according to the South African National Standards (8),

World Health Organization (6) and Environmental Protection Agency (7).
Conflict of interest

The authors declare that we have no financial or personal relationships which may

have inappropriately influenced us in writing this paper.
Acknowledgement

This research was done in partial fulfilment of a Master of Medicine degree.

39



References

1. Shapiro R, Berland T. Noise in the operating room. N Engl J Med.
1972;287(24):1236-8. DOI: 10.1056/NEJM197212142872407.

2. Giv M, Sani K, Alizadeh M, Valinejadi A, Majdabadi A. Evaluation of noise
pollution level in operating rooms of hospitals: A study in Iran. Interv Med Appl Sci.
2017;9(2):61-6. DOI: 10.1556/1646.9.2017.15.

3. Wang X, Zeng L, Li G, Xu M, Wei B, Li G, et al. A cross-sectional study in a
tertiary care hospital in China: Noise or silence in the operating room. BMJ Open.
2017;7(e016316):1-6. DOI: 10.1136/bmjopen-2017-016316.

4. Alshammari D, Sica M, Osailan S, Tuan V, Talon I, Schneider A, et al.
Noise in a university operating theatre during the course of pediatric surgical
procedures. Current Pediatric Research. 2017;21(4):572-6.

5. Tsiou C, Efthymiatos G, Katostaras T. Noise in the operating rooms of
Greek Hospitals. J Acoust Soc Am. 2008;123(2):757-65. DOI: 10.1121/1.2821972.
6. World Health Organization. Guidelines for community noise, 1999.

Available from: http://www.who.int/docstore/peh/noise/guidelines2.html [Date
accessed 7 Nov. 2017].
7. U.S Environmental Protection Agency. EPA identifies noise levels affecting

health and welfare, 1974. Available from:

http://archive.epa.qgov/epa/aboutepa/epa-identifies-noise-levels-affecting-health-

and-welfare.html| [Date accessed 7 Nov. 2017].

8. South African National Standards. The measurement and rating of
environmental noise with respect to annoyance and to speech communication.
Guidelines: 10103:2008. Pretoria, South Africa: Standards South Africa; 2008
Available from:

http:///C:/Users/Alicia/AppData/L ocal/Packages/Microsoft.MicrosoftEdge 8wekyb3
d8bbwe/TempState/Downloads/SANS10103%20(1).pdf [Date accessed 30 April
2019].

9. Hasfeldt D, Laerkner E, Birkelund R. Noise in the operating room: What do
we know? A review of the literature. J Perianesth Nurs 2010;25(6):380-6. DOI:
10.1016/j.jopan.2010.10.001.

40


http://www.who.int/docstore/peh/noise/guidelines2.html
http://archive.epa.gov/epa/aboutepa/epa-identifies-noise-levels-affecting-health-and-welfare.html
http://archive.epa.gov/epa/aboutepa/epa-identifies-noise-levels-affecting-health-and-welfare.html
http://C:/Users/Alicia/AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8bbwe/TempState/Downloads/SANS10103%20(1).pdf
http://C:/Users/Alicia/AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8bbwe/TempState/Downloads/SANS10103%20(1).pdf

10. Hodge B, Thompson J. Noise pollution in the operating theatre. Lancet.
1990;335(8694):891-4. DOI: 10.1016/0140-6736(90)90486-0.

11. Hornby A. Oxford advanced learners dictionary. 6th ed. Oxford, United
Kingdom: Oxford University Press; 2000. p. 1367.

12. Way T, Long A, Weihing J, Ritchie R, Jones R, Bush M, et al. Effects of
noise on auditory processing in the operating room. J Am Coll Surg.
2013;216(5):933-8. DOI: 10.1016/j.jamcollsurg.2012.12.048.

13. Chen L, Brueck S, Nirmrier M. Evaluation of potential noise exposures in
hospital operating rooms. AORN J. 2012;96(4):412-8. DOI:
10.1016/j.a0rn.2012.06.001.

14.  Stansfeld S, Matheson M. Noise pollution: Non-auditory effects on health.
Br Med Bull. 2003;68(1):243- 57. DOI: 10.1093/bmb/Idg033.

15. Katz J, Levy J. Noise in the operating room. Anesthesiology.
2014;121(4):894-8. DOI: 10.1097/ALN.0000000000000319.

16. Ginsberg S, Pantin E, Kraidin J, Solina A, Panjwani S, Yang G. Noise levels
in modern operating rooms during surgery. J Cardiothorac Vasc Anesth.
2013;27(3):528-30. DOI: 10.1053/j.jvca.2012.09.001.

17. Liu E, Ta S. Patients' perception of sound levels in surgical suites. J Clin
Anesth. 2000;12(4):298-302. DOI: 10.1016/s0952-8180(00)00155-0.

18. Kang J, Lee J, Kim D, Kim J, Kim C, Hahm T, et al. Blocking noise but not
music lowers bispectral index scores during sedation in noisy operating rooms. J
Clin Anesth. 2008;20(1):12-6. DOI: 10.1016/}.jclinane.2007.06.005.

19. Dholakia S, Jeans J, Khalid U, D'Souza C, Nemeth K. The association of
noise and surgical-site infection in day-case hernia repairs. Surgery.
2015;157(6):1153-6. DOI: 10.1016/j.surg.2014.12.026.

20.  Kracht J, Busch-Vishniac I, West J. Noise in the operating rooms of Johns
Hopkins Hospital. J Acoust Soc Am. 2007;121(5):2673-9. DOI:
10.1121/1.2714921.

21. Department of Labour. Occupational Health and Safety Act: Noise-induced
Hearing Loss Regulations, 85. Sect. 43 (2003) Available from:
http://www.labourguide.co.za/health-and-safety/848-health-and-safety-downloads
[Date accessed 11 Nov. 2017].

41


http://www.labourguide.co.za/health-and-safety/848-health-and-safety-downloads

22. Roberts C. Noise data averaging: How to average noise measurements.

2013. Available from: https://www.cirrusresearch.co.uk/blog/2013/01/noise-data-

averaging-how-do-i-average-noise-measurements/. [Date accessed 11 Oct. 2019]

23.  Fitzgerald G, O'Donnell B. Anaesthetists noise exposure in orthopaedic
operating theatres. Ir Med J. 2012;105(7):239-41. PMID: 23008884.

24. Wallace M, Ashman M, Matjasko J. Hearing acuity of anesthesiologist and
alarm detection. Anesthesiology. 1994;81(1):13-28. DOI: 10.1097/00000542-
199407000-00005.

25.  Fritsch M, Chacko C, Patterson E. Operating room sound level hazards for
patients and physicians. Otol Neurotol. 2010;31(5):715-21. DOI:
10.1097/MOA.0b013e3181d8d717.

26. Yarar O, Temizsoy E, Gunay O. Noise pollution level in a pediatric hospital.
Int J Environ Sci Technol. 2018;16(2):5107-12. DOI: 10.1007/s13762-018-1831-7.
27. Ullah R, Bailie N, Crowther S, Cullen J. Noise exposure in orthopaedic
practice: Potential health risk. J Laryngol Otol. 2004;118(6):413-6. DOI:
10.1258/0022215043232195009.

28.  Mullett H, Synnott K, Quinlan W. Occupational noise levels in orthopaedic
surgery. Irish J Med Sci. 1999;162(2):106. DOI: 10.1007/BF02946475.

29. Love H. Noise exposure in the orthopaedic operating theatre: A significant
health hazard. ANZ J Surg. 2003;73(10):836-8. DOI: 10.1046/j.1445-
2197.2003.02276.X.

42


https://www.cirrusresearch.co.uk/blog/2013/01/noise-data-averaging-how-do-i-average-noise-measurements/
https://www.cirrusresearch.co.uk/blog/2013/01/noise-data-averaging-how-do-i-average-noise-measurements/

Section 4: Proposal

Noise levels in the operating theatres at a central hospital

Alicia Carbonari

1598405

Supervisor Juan Scribante
Department of Anaesthesiology

Co-supervisor Helen Perrie
Department of Anaesthesiology

Co-SUpervisor  waria Fourtounas

Department of Anaesthesiology

43



4.1 Introduction and problem statement

Sound is defined as “continuous rapid movements or vibrations that travel through
air or water and can be heard when they reach a person’s or animal’s ear” (1).
Noise is a sound and is defined as “random, fluctuating, inharmonious waveforms
that interfere with desired signals” (2). Its effect will depend on the level of noise,
type of noise, predictability, controllability, complexity of the task being performed
at the time as well as individual tolerance to the noise. Noise is subjective and
differs between individuals with sound becoming a noise when it is found to be
disruptive and having a negative impact on an individual’s work, communication or
health (3).

Sound is measured as the force per unit area produced by the sound wave and
expressed in decibels, which is a logarithmic scale. The pitch of the sound is
determined by frequency, which is the number of waves per second. The range of
human hearing is between 20 and 20 000 hertz, with the decibel A (dB(A)) scale
most in keeping with this frequency range (2, 4).

The noise levels of objects encountered in daily life vary; the rustling of leaves
creates approximately 10 dB(A) of noise, normal conversation roughly 60 dB(A), a
lawnmower creates 90 dB(A), while an ambulance siren is 120 dB (A). A shotgun
is 130 dB(A) when fired, and a jet engine during take-off is 140 dB (A) (3, 5).

The World Health Organization (6) as well as the Environmental Protection
Agency (7) established regulations for noise levels in hospitals and operating
theatres, with the World Health Organization stating that it should not exceed 35
dB(A) (6), and the Environmental Protection Agency limiting noise to 45 dB(A) on
average (6, 7). The South African National Standards, as part of the South African
Bureau of Standards, has determined that average noise levels in operating
theatres in South Africa should not exceed 35 dB(A) (8).

Communication is vital between operating theatre staff for safe and efficient
performance. For speech to be heard with 90% accuracy, the signal to noise ratio
should be 10 -15 dB(A). Normal speech is said to be 50 dB(A), which implies that
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for normal communication to be heard the background noise in the operating
theatre should be a maximum of 35 dB(A). Noise in operating theatres has the

potential to lead to miscommunication and errors (9, 10).

Mean noise levels have been found to be between 51 and 75 dB(A) in operating
theatres, with peak levels between 80 and 119 dB(A) (11). Sources of noise in the
operating theatre can be air conditioning, anaesthetic machines and monitors,
suction, forced air warming blankets, equipment falling, trolley movement and
conversations (3, 12). Operating theatres are designed to be efficient and
convenient to clean with walls, floors and ceilings being made of hard and easy to

clean material, resulting in a long reverberation time of the sound (13).

Noise can result in noise-induced hearing loss, a form of sensorineural hearing
loss that cannot be treated medically with operating theatre staff having been
found to be vulnerable to this due to the prolonged exposure to increased noise
levels (14, 15). Noise can be a stressor to operating theatre staff, which can have
an additive effect on other stressors, resulting in non-auditory health effects, such
as fatigue, cognitive dysfunction, headaches, anxiety, insulin resistance, as well as
cardiovascular effects (16). Studies show that noise levels in the operating theatre
are loudest at induction and emergence, which may have a compounding effect on

the anaesthetist as these are considered stressful periods already (15, 17, 18).

A study by Liu et al (19) has shown that patients can be affected by noise,
inducing stress in up to 16% of the patients. It may also affect the care provided to
the patient as it impairs communication between the operating theatre staff (16),
may affect performance of complex mental tasks (15), and Dholakia et al (20)

suggesting a link between increased noise levels and surgical site sepsis.

Noise has been labelled as “the third pollution”, alongside air and water pollution
(13), with studies (10, 12, 17, 21) conducted in different countries showing noise
levels in operating theatres to be higher than the recommendations of the
regulatory bodies. No study has been conducted to determine if the noise levels in
the operating theatres of Chris Hani Baragwanath Academic Hospital (CHBAH)

are compliant with the recommendations.
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4.2 Aim and objectives

4.2.1 Aim

The aim of this study is to measure noise levels in the operating theatres at

CHBAH.

4.2.2 Objectives

The primary objectives of this study are to:

e measure noise levels in the operating theatres

(@]

o

o

o

overall (baseline, active time and down time)
at induction
at skin incision

at emergence

e describe compliance with recommendations.

The secondary objectives of this study are to:

e compare noise levels between emergency and elective operating theatres

e compare noise levels between office hours and after hours in emergency

operating theatres

e compare noise levels in different surgical disciplines

e compare noise levels at different time points.

4.3 Research assumptions

The following definitions will be used in this study.

Sound level meter: The professional ET-958 Type 2 sound level meter with data

logger measuring noise levels in dB(A) will be used in this study.

Office hours: will be from 07:00 to 16:00.

After hours: will be from 16:00 to 06:30, including weekends.

Weekends: will be taken from 16:00 on Friday until 06:30 on Monday.
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Elective surgery: is planned in advance as it does not involve a medical

emergency.
Emergency surgery: is surgery to treat trauma or acute illness.

Time in: is the time documented when the patient is brought into the operating

theatre.

Time out: is the time documented after the surgery when the patient is taken out

of the operating theatre.

Induction: will be the anaesthetic start time and the following five minutes.
Emergence: will be from closing time and the following 10 minutes.
Active time: will be from time in to time out of the operating theatre.

Down time: will be between time out and the subsequent time in and may

including operating theatre cleaning and setting up.

Acceptable noise level: according to the South African National Standards is an

average noise level below 35 dB(A).
4.4 Demarcation of study field

The study will be conducted in the operating theatres of CHBAH affiliated to the
Department of Anaesthesiology at the University of the Witwatersrand. CHBAH is
a 2 888-bed hospital. The hospital has 25 operating theatres and on average 65

000 surgeries are performed annually.
4.5 Ethical considerations

No data pertaining to the patient and staff members in operating theatre will be
collected, therefore an ethics waiver will be requested from the Human Research
Ethics Committee (Medical). Approval to conduct the study will be obtained from

the Graduate Studies Committee of the University of the Witwatersrand. Further
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approval will be obtained from the Medical Advisory Committee (Appendix A) and

the Head of Department Anaesthesiology of CHBAH (Appendix B).

The study will be anonymous as only sound levels will be measured and not
individual voices. Only the researcher and supervisors will have access to the raw

data ensuring confidentiality.

If the noise levels measured are found to be higher than the acceptable levels, the
Head of Department will be notified and The Occupational Health and Safety

Department consulted.

Data will be stored securely for six years in a locked cupboard and a password-
protected database. The study will be conducted according to the principles of the
Declaration of Helsinki (22) and the South African Guidelines for Good Clinical
Practice Research methodology (23).

4.6 Research methodology

4.6.1 Research design

A cross-sectional research design will be followed in this study. A cross-sectional
study involves the collection of data at a single time point with different participants
(24). This study will be cross-sectional as it will be measuring noise levels in each

operating theatre at CHBAH for a set period of time.
4.6.2 Study population

The study population consists of the noise levels in the operating theatres of
CHBAH.

4.6.3 Study sample
Sample size

There are 25 operating theatres that work during office hours at CHBAH, seven of
which are emergency operating theatres. After hours there are six operating

theatres for emergency surgeries.
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The sample size will consist of 35 readings:

e Office hours 18 elective operating theatres
7 emergency operating theatres
e After hours 6 emergency operating theatres

e Weekends 4 emergency operating theatres (excluding obstetric operating
theatres).

Sampling method

In this study, a convenience sampling method will be used. Convenience sampling
is where subjects or objects are included in the study because they are available
when the study is being conducted (25). This study will make use of convenience
sampling as the noise levels will be obtained from operating theatres that are in

use at the time of data collection.
4.6.4 Data collection
Sound level meter

In consultation with Occupational Hygienists at the National Institute for
Occupational Health, a Type 2 sound level meter was selected to measure noise
for this study as it is not for Occupation Health and Safety purposes. There are two
types of sound level meters, a Type one and a Type two. A Type two sound level
meter is considered less accurate than a type one sound level meter which is used
to measure noise levels in the workplace in terms of the Occupational Health and
Safety Act (26). Due to financial constraints a Type two sound level meter will be
used. The sound meter is a Professional ET-958 model, with IEC61672-1
standard. It has A and C frequency weighting options, sampling time of 2
times/sec, and a meter memory of 262 100 readings. The sound level meter has
software that will allow the readings to be downloaded onto a computer using the
data logger and will then be further analysed. The recommended recalibration

cycle suggested by the manufacturers is one year.
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Data collection process

Data will be collected over the period of September to October 2019. The sound
level meter will be placed above the door of the operating theatre and set to
measure the noise level each second. Staff members will not be formally informed
of the presence of the sound level meter, in an attempt to avoid bias. A note will be
placed with the sound level meter requesting that people do not touch or remove

the sound level meter.

For office hours the sound level meter will be placed in the operating theatre just
prior to 07:00 and will be collected at 16:00. For after-hours the sound level meter
will be placed in the emergency and obstetric operating theatres just before 16:00
and will be collected at 06:30 the following morning. Once collected the data on

the sound level meter will be downloaded onto a computer.

A data collection sheet (Appendix C) will be used which will include the following

information:

e operating theatre number

e discipline in operating theatre

e type of procedure

e time in to the operating theatre
e anaesthetic starting time

e incision time

e closing time

e time out of the operating theatre
e overall noise level (baseline, active time and down time)
e noise level at induction

e noise level at incision time

e noise level at emergence.
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The sound level meter will be placed in different operating theatres, to obtain a

sample of the different surgical disciplines practiced at CHBAH, namely:

e Burns

e Ear, nose and throat surgery
e Emergencies

e General surgery

e Gynaecology

¢ Interventional radiology
e Maxillofacial surgery

¢ Neonatal surgery

e Neurosurgery

e Obstetrics

¢ Ophthalmology

e Orthopaedic surgery

e Paediatric surgery

e Urology

The data collected will give noise levels for the time when the patient is in the
operating theatre, that is from time in to time out of the operating theatre and noise
levels while the operating theatre is not in use, which is between time out and time
in will also be documented. Noise peaks will also be described. The average noise
levels for a period of time will be calculated using a Microsoft Excel® spreadsheet
by dividing each measurement by 10, calculating the anti-log of these values,
adding the relevant values for the time period and dividing the total by the number
of values used. The logarithm to the base 10 of the total will be calculated and

multiplied by 10 to obtain the average noise level (27).

4.6.5 Data analysis

A Microsoft Excel® spreadsheet will be used to capture data. Data will be
analysed in consultation with a biostatistician using the statistical program STATA

version 15. (StataCorp, USA). Noise levels will be recorded in dB(A). Averages will
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be presented as means and standard deviations if normally distributed or as
medians and interquartile ranges if not normally distributed. Comparisons between
the noise levels in elective and emergency operating theatres will be done using
the independent t-test or Mann Whitney test. A p value of <0.05 will considered

statistically significant.

4.7 Significance of the study

This study will provide information regarding noise levels experienced in the
operating theatres of CHBAH. Noise has been shown to have detrimental effects
on operating theatre staff as well as on patients, as it has a compounding effect on
stress. Operating theatre staff are vulnerable to noise levels, due to the prolonged
exposure with auditory and non-auditory adverse health effects (15). With regards
to the anaesthetist, studies have shown that noise levels are higher at induction
and emergence, the two periods considered extremely stressful (10). If the noise
levels measured in the operating theatres are found to be higher than the
recommended limits, the Occupational Health and Safety Department will be
informed, and further evaluation and interventions could be undertaken to make

the operating theatre environment safer.

4.8 Validity and reliability of the study

The validity of a study is “the degree to which a measurement represents a true
value”, or that the results of the study are accurate based on the design and
interpretation of the data. The reliability of a study is that the same results will be
obtained if the measuring instrument is applied in different scenarios (28). The

validity and reliability of this study will be ensured by:

e using an appropriate research design
e using a calibrated sound level meter
e data being collected by one data collector

e data being analysed in consultation with a biostatistician.
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4.9 Potential limitations

As this is a cross-sectional study, it is only measuring the noise levels in the
operating theatre complex of CHBAH for a set period of time, and therefore cannot
be generalised to other hospitals and other times. The readings will be a “snap-

shot” and may not accurately represent the noise levels in the operating theatre.
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4.10 Project outline

4.10.1 Time frame

Apr | May | Jun Jul | Aug | Sep | Nov | Dec | Jan
Activity
2019 | 2019 | 2019 | 2019 | 2019 | 2019 | 2019 | 2019 | 2020

Proposal preparation

Literature review

Proposal submission

Ethics approval

Postgraduate approval

Data collection

Data analysis

Draft article

Submission

4.10.2 Budget

Item PSS N U O Copies Total
per page of pages
Proposal 1 17 10 R 170
Postgraduate form 1 2 6 R 12
Complete report 1 100 4 R 400
Sound level meter R 3335.00
Grand total R 3917.00

The Wits Department of Anaesthesiology will incur the costs of paper and printing.

The sound level meter has been purchased by the student.
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4.12 Appendices
Appendix A: Letter of permission from Medical Advisory

Committee

GAUTENG P_F!'I:I__L

i E PR OF SO AP

FALLIEAL ADSORY COMMITTEE

CHERE HAMN| RARAGWES KA TH ACADERIC HOSPTAL

FERRMISSION TO CONDUCT RESEARCH

Dabe: 14™ Sugust 2019
TITLE OF PROJECT:
FMoise levek in the opsrating thestres at a cemviral hospical.

URIVERSITY: ‘Wiswalerssarsd

Primgipal Investigator: Or & Carbanari

Departmeasi= Anaesthesiclogy

Supervisor : D | Scribante

Pérmizsion Head Department [where research conducted]:  ves

The KMedical Advisory Committee recommends that the said ressarch be conducted at Chris Hani
Baragwanath Academic Hespital, The CEO J management of Cheis Hani Baragsanath Academic
Haspital iz accordingly informaed and the study s subject ba:-
®  Permission having b grasbed by the Committee for Research on Huenan Subjects af
the University of the Witwatersrand
#  The Hompital will not incur éxira casts as a result of the research being corductad oo ing
p#tients within the hozpal
#  The MAL will be informed of sy sericus adverse sverts as soon as they oocur
*  Permiszion i granted far the duration of the Ethics Commitbee Appraval.

:..._.....4.:'..;'...5-......'.'.::_57 ......... _[{'{.“—f T

Recn e disd fpp
[On behal Iilrllhﬂ [ T hl;l-_.nil:pll'-'l.gnmll?mn
Dabe: /L & L
-I_ll.g' .I'llII ey .I:':’I-irl |:r Lr
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Appendix B: Letter of permission from Head of Department

Dr Alcia Carbonan

Depariment of Anaasthesiology
University of the Witwatersrand
alicia a8 _carbonangivahoo com
29 April 2019

Dear Dr Lines

| am a regisirar in the Department of Anaasthesiology. | am conductng a study as
part of my Masler of Medicing n Anaesthesiclogy titled: Noise lavels n the aperating
theatres at a cantral hospilal.

The study will invalve & noise level meter beng placed in the operaling theatre and
recorting noise kavels. The operating theatre register will also be looked al, 1o
determing relevant imes during the pracadure as well as the type of pracedure
performed. Tha aim of the study = to detarming whalher noise levels ancountered in
theatre are in keeping with tha recommendations. No conversations will be recorded.
and no staff or patiant Information wil be collected.

An ethics waiver will ba requested and approval from the Graduate Studies
Committae of the Univarstty of the Witwatersrang.

This study will not result in additional cost to the hospital.

The resulls of the study will be made available to you on request.

. W6
Kind regards 0;2/01/70' g

Dr Ajicia Carbonari /J 7)/)0.,.1/ 'fj_);u.uf.ﬁc/

N2 »n LvEL

ﬁu,n) ¢ frse et OB
Aepd - Hnce A voloy'y
CHBAH
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Appendix C: Data collection sheet

Date:
Theatre No.
Paeds Gynae | Ortho Neuro Vascular | ENT | Emergency | Urology | Radiology | Obs
General | Burns Ophthalm | Max-fac
Peak noise level:
Baseline noise level:
Overall Active time Down time
Average Noise
level dB(A)
Type of | Time Anaesthetic | Noise | Incision | Noise | Closing | Noise | Time out | Peak
procedure in start time level time level time level noise
dB(A) dB(A) dB(A) level
dB(A)
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Section 5: Annexures

5.1 Ethics waiver

UNIVERSITY OF THE }, HUMAN RESEARCH ETHICS
WITWATERSRAND. §&7 | COMMITTEE (MEDICAL)
JOHANNESBURG

Ref W-CP-1905101 10 May 2018
7O WHOM IT MAY CONCERN-

Waiver: This certifies that the folowming research does not reguire clearance from the
Human Research Ethics Commiltee (Madwcal)

Investigator: Alicia Ann Carbonari (student no 1598405)(Staff AD048078)
Co-dnvestigators: Helen Perrie and Maria Fourtounas
Supervisor: Juan Scribante
Faculty: Health Sciences
School: Clinical Medicne
Department: Anaasthesiology
Project title: Noise levels in the operating theatres ot a central hospal
Reason: Recording sound lavels m operating theatres at Chris HMar
Baragwanath Academic Hasptal
1.
Dr Clament Penny

Chair Human Resaarch Ethees Committee (Medical)

Copy — HREC (Medical) Secratanat
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5.2 Graduate studies approval

’

UNIVERSITY OF THE &2
WITWATERSRAND
JOHANNESBURG

Dt Aligs Asn Carboran
Pt 12 Johan Road
Honepdew

Johanresbirg

2170 Gaumang Scuth Aca

Do Or Cavtonan

\Qi,\ FACULTY O

r::r HIEAITH SCIENCES

5* August 219
Person Namber 1558405

PAG

Master of Medicing - Asaesthesis : Approval of Protocol
We have pleasure I sdvising pou Bl your tise has been approved.
Title  Noise kewsis in the aperaing theatss at 3 centeal hossitsl

Mrs Zatenra Khan
On behatf of Mrs Sandra Been
Faculy Regisirar
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5.3 Turnitin report

a0048078:Turnit_in_document.docx

ORKEMALITY REPORT

12, 6. 8, O

SIMILARITY INDEX INTERMNET SOURCES  PUBLICATIONS STUDENT PAPERS

FRIKARY SOURCES

Bernadette Stringer, Ted A Haines, John D
Oudyk. "Noisiness in Operating Theatres:

Murses’ Perceptions and Potential Difficulty
Communicating”, Journal of Perioperative
Practice, 2017

Putdication

T

Kristjan Ukegjini, Theresa Kastiunig, Bernhard
Widmann, Rene Warschkow, Thomas Steffen.
"Impact of intraoperative noise measurement on
the surgeon stress and patient outcomes. A
prospective, controlled, single-center clinical trial
with 664 patients”, Surgery, 2020

Putdication

T

pdfs.semanticscholar.org

interret Souwrce

=l

Submitted to University of Witwatersrand

Student Paper

www . tandfonline.com

interrest Source
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UNIVERSITY OF THE \(i) FACULTY OF
WITWATERSRAND. q’ HEALTH SCIENCES
[OHANNESBURG -

Oear Professor Papathanasopoulos

Re: M Med: Noise levels In the operating thoatres at a central hospital

Dr Abcia Carbonar, student number: 1568405, has submitted her research report to
Turnitin which revealed a similarity index of 12%. These similarities appear not to
be plaglarism but mainly the use of common terminology and phrases specific to
the topic of the research.

}’L’-iﬁ”’ |

Juan Scribante
Supervisor
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5.4 Sample size letter

DEPARTMENT OF = )

ANAESTHESIOLOGY
UNIVERSITY OF THE
WITWATERSRAND, JOHANNESBURG
Tel.(011)933-9334/5 / Fax
(011)933-1843

FACULTY OF

23 November 2020
To whom it may concern,

| herewith give details regarding the difference in sample size stated in my proposal and the data
collected. The original sample size was an arbitrary number selected based on the number of
theatres and specialities available at Chris Hani Baragwanath Academic Hospital. The proposal
sample size was 35 readings of which 18 were elective theatres and 7 were emergency theatres
during office hours, with 6 emergency theatres during after hours.

The following table outlines the theatres/specialities readings where obtained for:

Specialty Theatre no. Data Collected (no.)

Paediatric / neonatal 11 / neonates Yes (1/1)

Gynaecology Gynaecology elective Yes (1)

Orthopaedics 1/5/3 Yes (3)

Neurosurgery 13 Yes (1)

Vascular surgery 12 Yes (1)

ENT 11 Yes (1)

Urology 1 Yes (1)

Radiology Interventional radiology Yes (1)

General surgery 16 /15 Yes (2)

Burns Burns Yes (1)

Ophthalmology St Johns Yes (1)

Maxillofacial surgery 14 Yes (1)

Gynaecology Gynaecology emergency Yes (1)

Obstetrics Obstetric emergencies Yes (1) — night

JDA emergency corridor | 7 Yes (1) — weekday day
8 Yes (2) — weekday day, weeknight
9 Yes (1) — weekend day
10 Yes (2) — weekday day, weekday

day
TOTAL: 24

| collected data in one of the obstetric operating theatres overnight, as the two operating theatres
are identical and located next to each other with the same procedures occurring 24 hours a day.
The emergency operating theatres in the main hospital complex are also located in a corridor
next to each other, and run 24 hours a day. | collected data in each emergency operating theatre,
with samples in at least one for office hours, after hours and weekends.
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The above mentioned was discussed with Prof Maria Papathanasopoulos who confirmed that if
the aims and objectives of the study are unchanged that the sample size could be different.

The correspondence with Prof Papathanasopoulos is attached.

Kind regards,
Alicia Carbonari

Maria Papathanasopoulos < maria.papathanasopoulos@wits.aczas = Fri, 28 Aug at 14:48
"' alicia_a_carbonari@yahoo.com

maria.fourtounas@gmail.com, Juan Research, Helen Perrie

Wits Faculty of Health Sciences INNOVATION AND For more information,

VIRTUAL RESEARCH DAY PROGRESS visit the Faculty Research

% POSTGRADUATE EXPO 2020 Dapesits

Thursday, 15 October 2020

Dear Alicia,

| hope you are well. Itis not up to me to give you permission to change your sample size for your study. Research projects often
change from what is written on the project propesal, and as long as your overall study aims and objectives remain the same, you
wouldn't be required to amend your protocal.

You need to consider whether the data you have collected will allow you conduct appropriate data analysis, statistics, etc, and to
write up a research report that will be passed by examiners. You certainly don't want examiners to come back and say you haven't
collzcted enough data, and ask you to continue data collection. Your supervisors are best suited to guide you on that, and if you
are planning of doing statistics on your data you can consult with the Faculty biostatisticians.

Kind Regards,
Maria
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