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ABSTRACT

A large number of studies show that hospitals are unacceptably noisy. Up to date no study has
measured noise levels in intensive care units or neonatal wards that comply with the WHO
recommendations. Furthermore, sound levels in hospitals have risen since the 1960s. The noise origins
mainly from: (1) operational activities generated by the staff in their care giving activities and
communication, (2) medical equipment and alarms and (3) structural sounds from the building such as
ventilation and closing doors. While some sounds are unavoidable, many are totally or partially
unnecessary. Noise in hospitals has been suggested to increase the risk for cardiovascular response,
pain, intensive care delirium, fragmented sleep and reduced recuperation. For patients, the cause of
these outcomes is multi-factorial, however the impact of the sound environment can, as opposed to
most other factors, be abated. For the personnel, noise may cause annoyance, stress, tiredness and lead
to more errors however these outcomes are less well investigated. The paper will give a summary of
what is known today, specifically focusing on the outcomes from intervention studies of the physical
environment and point to the most important areas for further improvements in research.

Keywords: hospital, noise, patients, personnel

1. INTRODUCTION

Unnecessary noise is the most cruel abuse of care which can be inflicted on either the sick or the
well [1]. In spite of this early insight the importance of sound environment in modern hospitals has
largely been neglected. The results of this neglect on the sound environment was clearly indicated in a
meta analyses of available noise measurements in hospitals done between 1960 and 2005 made by
Busch-Vishniac et al [2]. The A-weighted sound levels had on average increased by 0.38dB per year
during the day and by 0.42dB per year during the night. In other words the perceived loudness has
nearly doubled over a 20 year period. Particularly high sound pressure levels can be found in intensive
care units (ICU), neonatal units and during certain processes in the orthopedic clinics.

One reason for the increased sound levels is the high technology density of health care today. The
development and use of medical technology in health care is vital in treatment, care and for diagnostics.
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However the side-effects with many of the equipment producing high sound levels and constant lights, have
at least until know been overseen. The high-tech equipment also puts great demand on the care giving
personnel and in combination with stress in general and noise may lead to an increased risk for medical and
care giving errors, threatening patients’ safety. Most of the sounds from hospital equipment are tonal and
intermittent and are experienced by the patients and their next-of-kin as unfamiliar, maybe frightening and
would be without their control [3]. All these elements are known ingredients for noise being annoying and
stressful.

In addition to sounds and signals from medical devices, the sound environment at the ward comprise a
mixture of sounds from other patients, care giving activities, communication between staff, signals from
overhead paging systems, sounds from respiratory, heating, ventilation and air condition of the building
and external sounds.

This paper will give a summary of what is known today of the links between noise exposure and health
outcomes for personnel and patients and point to the most important areas for improvements within this
field of research. Intervention studies may give specific information on means and possibilities to obtain a
healthy sound environment, this paper will focus on studies where intervention of the physical environment
is carried out. As most studies are carried out within the ICU, this will also be reflected in this paper.

2. THE SOUND ENVIRONMENT

2.1 Most disturbing noise sources

The most annoying or intrusive noise sources have been defined by patients and staff in a few
papers. In a large study comprising a variety of patient care units in two hospitals, voices were
perceived as most bothersome by both patients and personnel followed by carts in the hall, footsteps in
the hall and cardiac monitor alarms, overhead pages and pulse oximeter alarms [4]. The relative
annoyance by these sources did not change after an intervention program. Staff in an ICU rated sounds
from medical equipment, followed by conversation between personnel, and activity noise from the
corridor to be most annoying [5]. In an operation theatre the most frequent noise sources of distraction
or interruption were conversation, work environment problems, telephone calls and equipment [6].
These sounds were also rated as most distracting by an observer. The observer also noted a high
number of movements through the operating theatre, with a total of 1543 door-openings during the
observation period or a mean rate of 1.08/minute. Midwifes and nurses in a obstetric ward rated
screams from mothers giving birth as most disturbing, followed by alarms, equipment, talking, and
phones [7]. Sound induced fatigue and noise annoyance was furthermore highly significantly
correlated with screams. For sleep, ringing phones, sounds from alarms, overhead paging and opening
and closing of doors was found to lead to most sleep arousals among healthy individuals [8]. Patients
also frequently report staff talking as particularly disturbing source for sleep disturbance e.g. [9].

In summary this points to, on one hand the similarity of disturbing sources across various types of
patient care units, where sounds from voices and medical equipment seem to stand out, however also
the need to look at variations in source disturbance that may be at hand at specific wards as a guidance
for interventions.

2.2 Sound levels at the hospital wards

A recent meta-analysis [2] indicated that noise levels had increased during the last 45 year with
A-weighted daytime levels of about 57dB 1960 to 72dB 2005 and night time levels of 42dB to 60dB
over the same period. The noise levels seem to be highest at the neonatal intensive care units (NICU)
where the levels in an open bay ward ranged from 49.5 - 89.5dBAs and with a mean peak level of
134dBC [10] and in intensive care units where averaged levels over several days ranged from 53-58
dBLpAeq and with peak levels of 85dBC (daytime) and 78dBC (night time) exceeded more than 50%
of the time [11]. Even higher sound levels were found in a burn intensive care unit in UK, where the
A-weighted equivalent levels on average was 66dB day time and 61dB night time and A-weighted
maximum levels being on average 88dB daytime and 84dB nigh time. This is comparable to a study of
[12], who found average levels of 55 to 70dBLpAeq and peak levels from 100 to 120dBC. Most studies
find in accordance with the meta-analysis [2] that night time levels are somewhat lower, although the
exact difference varies. Ryherd et al 2008 [11] found an average difference of 4dB between day and
night time levels which is largely in accordance with results from three intensive care units in England
[13]and the burn intensive care [14]. Also most studies find that there is little variation between days
e.g. [11, 14]. In [11] it was found that the sound levels measured on the staff using dosimeters were



higher than stationary measurement with a difference of the equivalent levels of about 12dB, probably
reflecting noise from conversations and activities performed [15]. The dosimeter values were in
accordance with stationary data slightly lower during night time.

A common problem when evaluating sound levels in hospital studies is the rudimental description
of the measurement method and that details of for example integration time (slow or fast) and time
reference for equivalent levels are not mentioned. These omission makes evaluation of levels very
problematic.

2.3 Frequency and temporal characteristics of the sound

The frequency distributions of the sounds are measured in a few studies. [2] found a spectral
content with high sound pressure levels in the low frequency range < 63Hz, constant sound pressure
levels in the mid frequency range and lower in the frequency range above 1000Hz. [11, 16, 17] found
that the ICU were dominated by high frequency sound probably originating from alarms, respirators
and medical equipment.

The temporal characteristics are also of high relevance for disturbance, including sleep and
restoration. Most studies merely mention the peak or maximum levels but say nothing about how often
they occur or more importantly how long time is allowed between maximum levels that can be used for
the patient to restore or for the personnel to work without distraction. In one study analyses were made
of the statistical distribution of maximal and peak levels during the day and night and the occurrence
and lengths of restorative periods, defined as periods lasting longer than 5 minutes and being less than
55dBLpAFmax. It showed that periods possible for restoration lasted on average for 8 minutes during
the day and 10 minutes during the night, with a maximum length of 9 to 15 minutes during the day and
10 to 26 minutes during the night. It is not difficult to grasp that such an environment pose a risk for
sleep disturbance, reduced recuperation and staff annoyance.

Future studies should aim to better describe the sound environmental properties, so relevant
associations between health outcomes and sound environment can be made.

3. EFFECTS ON PATIENTS AND PERSONNEL

3.1 Effects on patients

In a recent review of the impacts of hospital noise on patients it was found that the large number of
papers dealt with sleep disturbance (17 papers), and cardiovascular effects (9 papers) while there were
few papers on other outcomes, such as pain, hospital stay and wound healing [18]. The review did
though not include papers on intensive care delirium. One very important conclusion from the review
was that there were very few papers or less than five that included a pattern of mechanism linking an
acoustic parameter to a studied health outcome.

Fragmented sleep or sleep disturbance has been reported since the 1970's mainly among ICU
patients. More than 60% of patients treated in the ICU report insomnia or lack of sleep [19, 20]. An
uninterrupted sleep is important for recovery and good health [21, 22] and experimental studies in
animals and healthy volunteers show that sleep deprivation affects several physiological parameters
that may adversely affect recovery of patients under care. For example, glucose intolerance, increased
insulin resistance, activation of HPA axis and inflammatory cytokines have been demonstrated after
nights of sleep deprivation [23, 24].

The cause of the sleep disturbance is multifactorial and in addition to the patient's medical
condition, medication, respiratory care, treatments, care giving procedures and light and noise affect
sleep quantity and quality. The exact contribution of noise for sleep disturbance varies between studies.
In a review of current knowledge about sleep in the ICU Hardin [24] summarizes that noise is a major
factor for sleep disorders and is estimated to account for as much as 40% of sleep disturbance. Specific
data was provided by Freedman et al [25] who report that about 11 to 17% of the arousals respective
awakenings were caused by noise.

Previous research suggests that the acoustic environment in healthcare is important for
cardiovascular response, length of hospital stay and hospitalization rate [26-28], while data on pain
and wound healing are inconclusive.

A large proportion of all ICU patients have illusory or hallucinatory memories from the intensive
care [29, 30]. The environment in the ICU may be a contributing factor, where according to the
patients' statements sudden and loud noises can initiate visual and auditory hallucinations. One study
in USA, adopted several strategies to promote night time sleep and decrease day time napping [31].



Apart from behavioural changes also non-pharmacological sleep aids such as earplugs, eye masks and
soothing music were offered. Sleep medication known to alter sleep and precipitate delirium were also
discouraged. Noise was subjectively rated lower after the interventions, while improvement of sleep
was not statistically significant. However, more importantly, there was a reduction of incidence of
delirium coma and the number of daily delirium/coma free status was increased. Further studies are
clearly warranted of the link between ICU delirium and the acoustic environment. A developed ICU
delirium prolongs hospital stay and increases the risk of complications and impaired quality of life [29,
30].

3.2 Effects on personnel

Hospitals are inherently stressful work environments and health care personnel are reported to
suffer from stress often linked to high expectations, insufficient time and skills [32]. Noise should
therefore be considered as contributing to this mental load. Considering the nature of the sound
environment - a high prevalence of intermittent sounds, speech and sometimes human screams, with
little possibility to control- it is reasonable to expect a high degree of annoyance, mental distraction,
fatigue and maybe medical errors. The risk for hearing damaged may be prevalent at the orthopedic
surgery [33, 34] and is also the focus of an ongoing investigation in obstetrics care (Fredriksson S.
unpublished data). Few studies have however investigating the effects of noise among hospital
personnel and as stated in a recent review [35] “hospital noise can potentially have serious negative
effects on staff stress, satisfaction, psychosocial environment, job performance and health though the
limited number of studies, often with a small sample size and lack of detailed acoustic methodological
description makes conclusions difficult to draw.”

One study of 133 ICU nurses found that noise induced occupational stress was associated to
burnout and emotional exhaustion [36]. Nurses sensitive to noise were particularly at risk for burnout.
A study in the ICU comprising 47 nurses, found that they generally perceived noise to contribute to
stress, and that 91% found that noise negatively affected them in their daily work [11]. Among nurses
in a pediatric ICU Morrison et al [37] were not able to find an association between saliva amylase,
subjective stress, annoyance and noise levels. They did however find an association with heart rate and
noise levels. Less nursing experience, higher caffeine intake and work shift were found to influence
the relationship.

Several studies report that personnel commonly ignore, silence or disable alarms. In [11] 49% of
the 47 nurses reported that they sometimes adjust alarm levels so they would not hear them. This is
corroborated by partly unpublished data in ongoing studies [5] where about 50 nurses in an ICU
answered this question both at 2007 and 2010. As many as 57.1 and 60% answered that they partly
agree or completely agree to that statement.

Annoyance (rather, very or extremely annoyed) to noise was in [5] reported by 43% of the ICU
nurses. Noise annoyance was also significantly related to Auditory fatigue (sound sensitivity, hearing
fatigue, tinnitus) and Mental fatigue (tiredness, headache, concentration difficulties, irritation), but
not to Tension. No conclusions about directions of associations can be drawn from that study alone,
and further studies are clearly needed. These studies should ideally comprise larger populations and
include a wider context of measures of the psycho-social environment.

4. RESULTS FROM INTERVENTION STUDIES

A review by Konkani and Oakley [38] found ten studies where any type of intervention was
performed. In addition to those there is at least one more study where an intervention of the physical
environment was carried out [27] and at least three experimental studies where a change of the
acoustical environment has been evaluated. The effects of the acoustical interventions will be
described in more detail while results of the behaviour changes will not be included.

4.1 Experimental intervention of sound and sound quality aspects.

The polysomnogram of 12 healthy participants who slept in a sleep laboratory was recorded during
one control night and two exposure nights with 14 normally occurring hospital sounds [8]. Once the
subject entered a steady sleep stage of 90 seconds, the probability of an arousal was obtained by
increasing the sound level in 5 dB steps until an arousal occurred or until the sound level reached 70
dBLpAeq (10s). The study was able to nicely show that sounds like phone ringing, intravenous alarm,
and overhead paging had a very high probability of over 75% to cause arousal in sleep stage N2
starting already at 45 dBA. Interestingly also door opening and closing caused a high probability of



arousal also in sleep stage N3 at these rather modest sound levels.

With the aim of evaluating the effects of a global and realistic change of the sound environment
sleep quantity and quality was evaluated in another experimental study comprising 12 healthy
participants [39]. Recordings of a typical night at an intensive care unit comprising sequences of (i)
sounds from a respirator in use, (ii) a variety of alarms, door closing and (iii) human voices and
rustling. The sounds were played back in two conditions; one with the original sound quality aspects
however reduced with LpAeq 7dB (ICU) and one with modified sound quality (ICU_reduced) were
also the levels of the loudest alarms were reduced and the closing and opening of the doors were made
more quiet i.e. simulating a door stopper. Hence all alarms exceeding LpAFmax 55dB and the sounds
of the doors closing were reduced, while voices and rustling were the same in both modes. During both
ICU exposure nights, sleep was more fragmented with less slow wave sleep, more arousals and more
time awake. The effects of reducing the maximal A-weighted levels from alarms and door closing from
64dB to 56dB was not enough to have a clear improved effect on objective or subjective sleep quality,
The study by Persson Waye et al hence support the finding of [8] where the most disturbing sounds
caused arousals already at very low sound levels. Additional information was given in [40] who in a
small study with five subjects found that disturbance of sleep was not only related to the actual sound
pressure levels of the peaks but also to the relation between the peaks and the background sound level.

4.2 Interventions of the physical environment

In a Cardiovascular intensive care unit (CIVA) in Sweden, the impact of a reflective (bad acoustics)
and absorbent ceiling (good acoustics) was evaluated with regard to psychosocial work environment
and patients cardiovascular health [27, 41]. The change of reflective to absorbent tiles resulted in a
reduced reverberation time with 0.4-0.5s and the A-weighted equivalent sound pressure level of 1dB in
the central area and 5-6dB in patient rooms. Nurses working afternoon but not morning and night shifts
rated lower demand and pressure and strain when working in the good acoustics. The personnel
working in good acoustics were also considered by the patients to have a better attitude. Among the 94
patients followed, no overall significant difference was seen in hospitalization and rehospitalization
after 1 month, however rehospitalization after 3 months follow up was significantly lower during
treatment in the good acoustics. No difference was found for measured physiological parameters
between conditions, however when the patients were subdivided with regard to degree of the disease,
patients in good acoustics in acute myocardial infarction and unstable angina pectoris had lower values
of night time pulse amplitude, while again no difference was found for the other measured parameters.

An intervention in a neonatal intensive care unit (NICU) in USA comprised configuration of the
bed space from horseshoe to rectangular, keeping the number of bed spaces intact [42]. Two central
work spaces were replaces with one at each bed. The ceiling was lowered and high absorbent tiles
mounted, furthermore sound attenuation was mounted to HVAC systems, and finally designing private
places in the close proximity for phone calls and discussions of patient care. The interventions resulted
in a reduced A-weighted equivalent sound pressure level of 4dB from 59.3 to 56.4dB, while the L10
and LpSmax were higher after as compared to before the intervention. The authors suggest that the
failed reduction of maximal levels may be due to a lack of education program among the personnel.

In an NICU in India both environmental and behavioural modification was implemented [43]. The
environmental intervention comprised, putting rubber padding under furniture legs, replacing metal
files with plastic files, lowering the alarms to a maximum of 55dBA, and when possible replacing
audible to visible alarms, setting the volume of the phone ringer to minimum audible and always
keeping the door to the washing room closed. Behavioural modification included making the personnel
aware of the harmful effects of high noise levels on the neonates, requests to talk in a low voice, hold
discussions during rounds in a separate room, take care in handling trays and metallic objects, and turn
off the radio. Also, three persons in the staff were requested to remind the others. Measurements were
done in the center of the rooms for 15 days, every hour by the staff on duty, no details are given, of for
example measurement times. The results point to rather substantial reductions of sound levels with the
noisiest ward, the ventilator room, being reduced from 69dBA to 59dBA, and the least noisy ward,
with the extreme preterm, being reduced from 54.3 to 52.2dBA.

An ongoing intervention study in a hospital in Sweden, focused on the visual and auditory stimuli
in an ICU [44]. In one room a visual intervention was made by limiting the number of cables seen by
the patient, changing the colours of the room and by introducing artificial daylight to resemble the
diurnal pattern of the day and night. The auditory sound environment was changed by mounting high
quality absorbents in the ceiling. Room acoustic measurements point to a reduced reverberation time



(T20) in the frequency range of 125 to 500Hz, in the intervention room as compared to the control
room and an improved clarity (C50) especially in the frequency range below 1kHz but also above
(2kHz-4kHz). The effect of the interventions will be evaluated by sound pressure level measurements
and sound recordings and by personnel ratings and recordings of patient health outcomes and
compared to the control room where no alterations have been done.

Preliminary results from the personnel are shown in Table 1. Their description of the sound
environment made in 2010 of an ordinary day in an ICU room, and their rating of the same question
with reference to the intervention room in 2013, show rather clearly that the personnel consider the
intervention room to be more quite, less noisy, beeping and hissing. The results are also confirmed by
the question asked in 2013, about contentment ranging from “not at all” (0) to “very” (10), with direct
reference to the intervention room and the control room. The contentment for the sound environment
was very high with a mean value of 8.8 compared to 4.5 in the control room, and the contentment of the
visual parameters were also significantly higher in the intervention room (light 8.5 vs 4.9; and estethic
8.5 vs 4.1), while ergonomic (3.3 vs 5.2) and work space (3.0 vs 4.8) were found significantly worse in
the intervention room. The latter as a result of the new equipment taking more space, and maybe also
a consequence of ergonomic being less prioritized.

The results points to a large effect of the intervention with regard to subjective perception of audio
and visual input. We have to await the results from the sound recordings to conclude about actual
reductions of sound pressure levels and other sound quality aspects. One hypothesis is that the visual
input of the room influence the personnel to move and talk more quietly, adding to a good sound
environment, another is that the sound absorbents enhance the speech clarity (supported by the room
acoustic measurements) whereby the personnel could use a lower voice to communicate.

Table 1. Mean values and (SE) of the personnel’s rating of the any ICU room and the intervention
room.

Quite 3.8(0.29) 6.8(0.26) <0.001
Noisy 45(0.33) 3.2(0.21) <0.05

Beeping 7.7(0.22) 4.6(0.31) <0.001
Hissing 5.1(0.35) 3.1(0.23) <0.001

*any ICU room evaluated before the intervention

In summary can be seen that none of the intervention studies included in [38] managed to meet the
recommendation for a healthy sound environment given by [45]. As many of the behavioural studies
show promising result e.g. [46, 47] it can be recommended to combine a physical or environmental
intervention with a noise education/awareness program for the personnel in order to further reduce the
sound levels in hospitals.

5. CONCLUSION

A large number of studies have been carried out within hospital settings, however few have linked
acoustic metrics to health outcomes. There is also a problem evaluating the sound levels in many of the
articles as the description of the measurement method is rudimentary and important detailing of the
description of sound metrics are missing. The complexity of the sound environment at hospitals may
also require more advanced analyses with regard to temporal and frequency characteristics and periods
of restoration in order to make relevant associations between health outcomes and sound environment.
Further studies should try and address these matters more seriously.

Further studies are needed in order to study the effects of the acoustic environment on patients,
especially with regard to factors affecting sleep, pain, recuperation and the development of ICU
delirium. These types of studies are clearly very complex and require collaboration between
disciplines.

Few studies have addressed the health and work performance among personnel, further studies
should ideally comprise larger populations and include a wider context of measures of the
psycho-social environment.



Future work should also more specifically identify and try in collaboration with hospital
management and personnel try to integrate the following three aspects: 1) a supportive sound
environment by which we mean a sound environment that support communication and surveillance
and allows integrity and rest. 2) an avoidance of unnecessary and disturbing sounds that impair sleep
and recuperation and increase the risk for negative impact health impacts and medical errors. 3) a
pleasant sound environment, that would enhance a positive experience for the patient and give their
next-of-kin a feeling of belonging and security.

6. REFERENCES

[1].
[2].

[3].

[4].

[5].
[6].
[71.
[8].

[9].

[10].
[11].
[12].
[13].

[14].

[15].
[16].

[17].

[18].

[19].

[20].
[21].

F. Nightingale, (Appleton, New York, 1860).

I. J. Busch-Vishniac, J. E. West, C. Barnhill, T. Hunter, D. Orellana and R. Chivukula, "Noise levels in
Johns Hopkins Hospital," The Journal of the Acoustical Society of America, 118(6), 3629-3645 (2005).
L. Johansson, I. Bergbom, K. P. Waye, E. Ryherd and B. Lindahl, "The sound environment in an ICU
patient room—A content analysis of sound levels and patient experiences,” Intensive and Critical Care
Nursing, 28(5), 269-279 (2012).

J. A. Overman Dube, M. M. Barth, C. A. Cmiel, S. M. Cutshall, S. M. Olson, S. J. Sulla, J. C. Nesbhitt, S.
C. Sobczak and D. E. Holland, "Environmental noise sources and interventions to minimize them a tale
of 2 hospitals,” Journal of Nursing Care Quality, 23(3), 216-224 (2008).

K. Persson Waye, E. Ryherd, T. Hsu, B. Lindahl and I. Bergbom, "Personnel response in intensive care
units,” Proc. INTERNOISE (2010).

A. N. Healey, C. P. Primus and M. Koutantji, "Quantifying distraction and interruption in urological
surgery,” Quality and Safety in Health Care, 16(2), 135-139 (2007).

S. Fredriksson, K. Toren, A. Tannenbaum and K. Persson Waye, "Associations between occupational
noise exposure, stress and hearing-related symptoms among personnel in obstetrics care,” manuscript.
O. M. Buxton, J. M. Ellenbogen, W. Wang, A. Carballeira, S. O'Connor, D. Cooper, A. J. Gordhandas, S.
M. McKinney and J. M. Solet, "Sleep disruption due to hospital noises: a prospective evaluation,” Ann
Intern Med, 157(3), 170-179 (2012).

J. Y. Gabor, A. B. Cooper, S. A. Crombach, B. Lee, N. Kadikar, H. E. Bettger and P. J. Hanly,
"Contribution of the intensive care unit environment to sleep disruption in mechanically ventilated
patients and healthy subjects,” American Journal of Respiratory and Critical Care Medicine, 167(5),
708-715 (2003).

S. A. Matook, M. C. Sullivan, A. Salisbury, R. J. Miller and B. M. Lester, "Variations of NICU sound by
location and time of day,” Neonatal Network : NN, 29(2), 87-95 (2010).

E. Ryherd, K. Persson Waye and L. Ljungkvist, "Characterizing noise and perceived work environment
in a neurological intensive care unit,” The Journal of the Acoustical Society of America, 123(2),
747-756 (2008).

R. J. Pugh and R. Griffiths, "Noise in critical care,”" Care of the Critically Ill, 23(4), 105-109 (2007).

D. J. MacKenzie and L. Galbrun, "Noise levels and noise sources in acute care hospital wards,"”
Building Services Engineering Research and Technology, 28(2), 117-131 (2007).

A. C. Cordova, K. Logishetty, J. Fauerbach, L. A. Price, B. R. Gibson and S. M. Milner, "Noise levels
in a burn intensive care unit," Burns: Journal of the International Society for Burn Injuries, 39(1), 44-48
(2013).

S. R. Ryherd, M. Kleiner, K. Persson Waye and E. E. Ryherd, "Influence of a Wearer’s Voice on Noise
Dosimeter Measurements " Journal of Acoustical Society of America, 131(2), 1183-1193 (2012).

B. Kellam and J. Bhatia, "Sound spectral analysis in the intensive care nursery: measuring
high-frequency sound," Journal of Pediatric Nursing, 23(4), 317-323 (2008).

M. D. Livera, B. Priya, A. Ramesh, P. N. Suman Rao, V. Srilakshmi, M. Nagapoornima, A. G.
Ramakrishnan and M. Dominic, "Spectral analysis of noise in the neonatal intensive care unit," Indian
Journal of Pediatrics, 75(3), 217-222 (2008).

T. Hsu, E. E. Ryherd, K. Persson Waye and J. Ackerman, "Noise Pollution in Hospitals: Impact on
Patients," Journal of Clinical Outcomes Management, JCOM, 19(7), 301-309 (2012).

N. S. Freedman, N. Kotzer and R. J. Schwab, "Patient perception of sleep quality and etiology of sleep
disruption in the intensive care unit,” American Journal of Respiratory and Critical Care Medicine,
159(4 Pt 1), 1155-1162 (1999).

B. Simini, "Patient's perceptions of intensive care," Lancet, 354, 571-572 (1999).

M. Ekstedt, T. Akerstedt and M. Soderstrém, "Microarousals during sleep are assoiated with increased
levels of lipids, cortisol and blood pressure,” Psychosomatic Medicine, 66, 925-932 (2004).



[22].
[23].
[24].
[25].

[26].
[27].
[28].

[29].

[30].

[31].

[32].

[33].
[34].

[35].
[36].
[37].
[38].

[39].

[40].
[41].

[42].
[43].
[44].
[45].

[46].

[47].

K. Spiegel, K. Knutson, R. Leproult, E. Tasali and E. Van Cauter, "Sleep loss: a novel risk factor for
insulin resistance and Type 2 diabetes," J Appl Physiol, 99(5), 2008-2019 (2005).

K. Spiegel, R. Leproult and E. Van Cauter, "Impact of sleep debt on metabolic and endocrine function,"
Lancet, 354(9188), 1435-1439 (1999).

K. Hardin, "Sleep in the ICU," Chest, 136, 284-294 (2009).

N. S. Freedman, J. Gazendam, L. Levan, A. I. Pack and R. J. Schwab, "Abnormal sleep/wake cycles
and the effect of environmental noise on sleep disruption in the intensive care unit," American Journal
of Respiratory and Critical Care Medicine, 163(2), 451-457 (2001).

V. Conn, Patient reaction to noise in CCU, University of Missouri, 1981.

I. Hagerman, G. Rasmanis, V. Blomkvist, R. Ulrich, C. A. Eriksen and T. Theorell, "Influence of
intensive coronary care acoustics on the quality of care and physiological state of patients,"
International Journal of Cardiology, 98(2), 267-270 (2005).

L. A. Marshall, "Patient reaction to sound in an intensive coronary care unit,” Commun Nurs Res, 5,
81-92 (1972).

C. Granja, A. Lopes, S. Moreira, C. Dias, A. Costa-Pereira and A. Carneiro, "Patients' recollections of
experiences in the intensive care unit may affect their quality of life," Critical Care (London, England),
9(2), R96-109 (2005).

M. Ringdal, L. Johansson, D. Lundberg and I. Bergbom, "Delusional memories from the intensive care
unit--Experienced by patients with physical trauma,” Intensive and Critical Care Nursing, 22(6),
346-354 (2006).

B. B. Kamdar, L. M. King, N. A. Collop, S. Sakamuri, E. Colantuoni, K. J. Neufeld, O. J. Bienvenu, A.
M. Rowden, P. Touradji, R. G. Brower and D. M. Needham, "The Effect of a Quality Improvement
Intervention on Perceived Sleep Quality and Cognition in a Medical ICU," Critical Care Medicine,
41(3), 800-809 (2013).

A. Marine, J. Ruotsalainen, C. Serra and J. Verbeek, "Preventing occupational stress in healthcare
workers," Cochrane Database Syst Rev(4), CD002892 (2006).

S. A. Kamal, "Orthopaedic theatres: a possible noise hazard?," J Laryngol Otol, 96(11), 985-990 (1982).
K. M. Willett, "Noise-induced hearing loss in orthopaedic staff,” J Bone Joint Surg Br, 73(1), 113-115
(1991).

E. Ryherd, S. Okcu, J. Ackerman, C. Zimring and K. Persson Waye, "Noise Pollution in Hospitals:
Impacts on Staff," Journal of Clinical Outcomes Management, JCOM, 9(11), 491-500 (2012).

M. Topf and E. Dillon, "Noise-induced stress as a predictor of burnout in critical care nurses,” Heart
Lung, 17(5), 567-574 (1988).

W. E. Morrison, E. C. Haas, D. H. Shaffner, E. S. Garrett and J. C. Fackler, "Noise, stress, and
annoyance in a pediatric intensive care unit,” Critical Care Medicine, 31(1), 113-119 (2003).

A. Konkani and B. Oakley, "Noise in hospital intensive care units—a critical review of a critical topic,”
Journal of Critical Care, 27(5), e1-€9 (2012).

K. Persson Waye, E. M. Elmenhorst, I. Croy and E. Pedersen, "Improvement of ICU sound environment
and analyses of consequences on sleep - an experimental study,” Sleep Medicine
(http://dx.doi.org/10.1016/j.sleep.2013.07.011) (2013).

M. L. Stanchina, M. Abu-Hijleh, B. K. Chaudhry, C. C. Carlisle and R. P. Millman, "The influence of
white noise on sleep in subjects exposed to ICU noise," Sleep Medicine, 6(5), 423-428 (2005).

V. Blomkvist, C. A. Eriksen, T. Theorell, R. Ulrich and G. Rasmanis, "Acoustics and psychosocial
environment in intensive coronary care," Occup Environ Med, 62(3), e1 (2005).

C. Krueger, S. Schue and L. Parker, "Neonatal Intensive Care Unit Sound Levels Before and After
Structural Reconstruction,” MCN, The American Journal of Maternal/Child Nursing, 32(6), 358-362
(2007).

A. Ramesh, P. N. Suman Rao, G. Sandeep, M. Nagapoornima, V. Srilakshmi, M. Dominic2 and
Swarnarekha, "Efficacy of a Low Cost Protocol in Reducing Noise Levels in the Neonatal Intensive
Care Unit," Indian Journal of Pediatrics, 76(May), 476-478 (2009).

S. Olausson, M. Engwall and L. Johansson, "Evidenced-based and sustainable design in a high tech
hospital environment — a challenge for the future,” Proc. ARCH12, 2012).

B. Berglund, T. Lindvall and D. H. Schwela, World Health Organisation (WHO), Geneva (1999).

G. Elander and G. Hellstrom, "Reduction of noise levels in intensive care units for infants: Evaluation of
an intervention program,” Heart & Lung: The Journal of Acute and Critical Care, 24(5), 376-379
(1995).

D. M. Kahn, T. E. Cook, C. C. Carlisle, D. L. Nelson, N. R. Kramer and R. P. Millman, "Identification
and modification of environmental noise in an ICU setting,” Chest, 114(2), 535-540 (1998).



