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Abstract 
Recently, the importance of the ICU environment as a potential 
modifiable factor for improvement of patient care has become 
more clear. In this review, we describe the effects of light and 
noise exposure on ICU patients. In ICU patients circadian 
rhythms and sleep are severely disturbed, which may increase 
the risk of delirium. Realignment of circadian rhythmicity by 
means of artificial light therapy has not been shown to reduce the 
incidence or duration of delirium. Prudent use of nighttime light 
may be a first step in improvement of patient sleep. Eye masks 
appear to improve sleep although they are only applicable for 
a selected group of patients. Noise levels in the ICU are above 
recommended standards. Negative effects include disturbances 
of sleep, as often encountered in ICU patients. Staff activity 
and talking contribute substantially to the total acoustic energy, 
providing opportunities to adapt behaviour and/or workflow in 
order to reduce noise pollution.

General introduction
In recent years, the hospital environment has gained attention 
as a potentially modifiable factor that may influence patient 
outcome.[1] Especially in the care of the critically ill patient, the 
focus has always been on patient survival and the intensive care unit 
(ICU) environment is designed to optimally facilitate treatment. 
Traditionally, the beginning of intensive care originated during 
the large polio epidemic in the 1950s, notably in Copenhagen.[2] 
The necessity of mechanical ventilation of these patients led to 
the development of specialised wards. Over time, the possibilities 
for life support expanded and the amount of bedside medical 
equipment increased. In addition, intensive care and monitoring 
by specialised nurses led to round-the-clock activity in the ward. 
Nowadays, the detrimental effects of critical illness and ICU 
admission on long-term patient outcome are widely appreciated.[3] 

It has become clear that, in addition to patient-bound factors 
such as age, pre-existing conditions and severity of disease, acute 

illness-related factors, such as mechanical ventilation but also the 
ICU environment itself, may contribute to negative effects such 
as sleep disturbances and delirium.[4] Therefore, attention to this 
environment and a critical appraisal of potential modifications 
are justified to further improve patient care. In this review, we 
will focus on light and noise as modifiable environmental factors.

Physiological aspects of light exposure
Direct sunlight is of indispensable importance for life on earth. 
Effects of sunlight on humans can be roughly separated by their 
wavelengths. Ultraviolet radiation (280-400 nanometre (nm), 
subdivided into UV-B and UV-A) is known for its effects on the 
skin, most notoriously skin burns and skin cancer, but also for 
its immune suppressive effects.[5] Visible light (400-760 nm) is 
essential for vision and also the biological effects of light, while 
infrared light (760-1000 nm) is a form of electromagnetic radiation, 
associated with heat emission. The biological effects of visible light 
are mediated through specific photoreceptors in the retina which 
project onto the suprachiasmatic nucleus (SCN), which contains 
the principal mammalian pacemaker.[6] These photoreceptors are 
maximally sensitive to light with a blue colour of between 459 
and 483 nm.[7] The SCN generates endogenous oscillations with 
a period of about 24 hours, known as circadian rhythms. The 
most evident example of a circadian rhythm is the sleep-wake 
cycle, but also body temperature, appetite and gene expression 
follow circadian rhythms.[6] While the pacemakers normally have 
endogenous rhythms, entrainment to the external light-dark cycle 
takes place through external triggers or 'zeitgebers' of which light 
exposure on the retina is the most powerful. The main output of 
the SCN is the rhythmical release of the neurohormone melatonin 
from the pineal gland. Melatonin release is normally suppressed by 
light exposure and under physiological circumstances melatonin 
levels are therefore low during the daytime.[8] Lower light levels 
during the evening in humans are responsible for what is known 
as dim light melatonin onset, leading to feelings of sleepiness.[9] 
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Being the main effector of the SCN, melatonin is responsible for 
many of the circadian effects of the SCN. Apart from its effect 
on timekeeping, experimental studies have demonstrated that 
melatonin inhibits tumour growth, affects sexual maturation and 
reproduction and enhances the immune response.[6] Alteration of 
a stable daylight schedule, such as in shift work or trans-meridian 
flights, may lead to well recognised disorders of circadian 
rhythmicity such as shift work disorder or jet lag.[10] In addition, 
disorders of circadian rhythmicity have been demonstrated in 
psychiatric diseases (depression, seasonal affective disorder) and 
neurological disorders, such as Alzheimer’s disease.[11-13]

Of interest is the fact that daily light exposure over a longer period 
leads to seasonal variations in immune function.[14] Shortening of 
the photoperiod, which is information on a day’s length, as occurs 
during summer and fall, may enhance melatonin secretion and 
improve immune function.[15] 

Light exposure during and before ICU admission 
Critically ill patients are surrounded by a large amount of light 
and noise generating equipment, obscuring natural daylight. In 
these rooms, intensive care is provided round the clock, often 
for prolonged periods of up to several months. This may lead to 
abnormal light exposure with daytime lighting levels often being 
too low and lighting levels during the night often way too high 
compared with normal circumstances.[16] These abnormal lighting 
circumstances may contribute to reduced or absent entrainment 
of the circadian rhythm, leading to a disturbance of this normal 
circadian rhythm.[17,18] Disturbances of circadian rhythm are nearly 
ubiquitous in critically ill patients.[19-21] Being one of the risk factors, 
the disturbed circadian rhythm contributes to the abnormal sleep 
in ICU patients. Compared with normal individuals, ICU patients 
experience a significant increase in arousals, an increase in sleep 
fragmentation and decreased percentages of REM sleep.[18] Sleep 
disturbances, as well as disturbances of circadian rhythm, are 
associated with the development of ICU-acquired delirium; 
however its precise relationship is unclear.[22] This cognitive 
disorder, occurring in up to 50% of ICU patients, is characterised 
by attention deficits accompanied by changes in cognition or 
perceptual disturbances fluctuating over time. ICU-acquired 
delirium is independently associated with negative long-term 
sequelae.[23,24]

As mentioned before, light exposure over a longer period of 
time may affect immune function and hence influence the 
outcome of ICU patients, often dealing with infectious insults. 
Studies in ICU patients, evaluating an association between the 
pre-admission light exposure and ICU mortality, have shown 
conflicting results.[25,26] Much is still unclear about effects of light 
exposure before admission on outcomes of critically ill patients, 
due to the multitude of factors that play a role in the outcome 
of ICU patients as well as difficulties in determining individual 
daylight exposure. 

Possible solutions for disturbed light exposure
Since light exposure in the ICU is generally too low during the 
daytime and too high at night, the focus of interventions aimed to 
improve these factors should focus on these two situations. 

Reducing excessive nighttime light 
Critical care takes place 24 hours a day and this inevitably requires 
adequate amounts of artificial light, especially during the night. 
Prudent use of nighttime lighting as part of a multicomponent 
strategy to improve sleep in critically ill patients appears to be 
effective;[27] however, in this study nighttime lighting levels in 
general were low (mean <5 lux) and variations in lighting levels 
(e.g. switching on a general light) were considered to be more 
disturbing than a continuous low level light. The main issue 
with nighttime lighting levels in ICU rooms is that they should 
be low with respect to patients’ needs (to be able to sleep) but 
sufficient light should be present to be able to provide the 
necessary care. A tailor-made approach for each patient, thereby 
determining the necessity for nighttime interventions each day 
instead of performing routine assessments and interventions, 
may provide a reasonable compromise for the contradicting 
interests of patients and doctors and nurses. Clustering of 
patient interventions and installation of quiet times indeed led 
to improved sleep[28,29] and are recommended in the current 
guidelines on pain, agitation, and delirium management.[30] 

Eye masks
In recent years, studies have demonstrated beneficial effects of 
eye masks and, to a larger extent, earplugs on sleep and delirium 
in ICU patients.[31] These results have been incorporated into 
several national guidelines, stating that eye masks and earplugs 
may be offered to ICU patients to improve sleep and reduce the 
chance of developing delirium.[32,33] However, caution is advised 
in intubated patients since the application of sound and/or light 
masking to intubated patients may lead to sensory deprivation, 
especially when used together simultaneously[34] which severely 
reduces patient autonomy. It appears plausible that these effects 
specifically hold true for ICU patients, who are already prone to 
develop cognitive disturbances such as ICU-acquired delirium. 

Improving daytime lighting in the ICU
If options are available, improving natural daylight exposure by 
means of creating or enlarging windows may be the first step. 
Additionally, other effects of a view through a window, such as 
feelings of wellbeing upon seeing a beautiful landscape, may 
play a role.[35] While earlier studies have demonstrated beneficial 
effects of windows on patient outcome, recent larger and better 
designed trials do not confirm these findings.[36,37] Installing 
windows as a sole way to improve outcome in critically patients 
therefore cannot be recommended at this time. 
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Artificial lighting in the ICU
As lighting levels in ICUs during the daytime are generally 
low, improving light by means of artificial lighting, may be 
beneficial. Currently, artificial lighting is being increasingly 
recognised as a contributor to a healing environment in 
healthcare settings.[38] Earlier small studies showed beneficial 
effects of bright light therapy on restless behaviour and delirium 
incidence in geriatric and postoperative patients.[39,40] However, 
a recent larger randomised controlled trial evaluating effects 
of bright light therapy in ICU patients, using ceiling mounted 
high-intensity fluorescent tubes, did not show a reduction in 
delirium incidence or duration.[41] Severity of disease, as well 
as mechanical ventilation and sedation, may at least partially 
explain these different outcomes. Of importance is the fact that 
many difficulties exist in evaluating effects of lighting therapy on 
critically ill patients. For example, the exact amount of lighting 
exposure on the retina in patients whose eyes are mostly closed 
is very difficult to determine. Additionally, effects of sedatives, 
known to influence circadian rhythmicity,[42] are also of 
importance, but nearly impossible to measure. 
More research is needed into effects of light exposure on other 
parameters than delirium, such as the inflammatory response. In 
animal studies beneficial effects of lighting therapy on bacterial 
clearance and organ injury in experimental sepsis and ischaemia-
reperfusion models have been demonstrated.[43,44] As part of this 
last study, a human feasibility study was also described whereby 
appendectomy patients were randomised between exposure to 
blue light for 24 hours post-surgery or having no intervention. 
In the intervention group, lower levels of pro-inflammatory 
cytokines were demonstrated,[44] suggesting that exposure to 
blue light dampens the inflammatory response post-surgery. 
A study further evaluating these findings is underway (NCT 
03482245). Based on current evidence, lighting therapy cannot 
be recommended to reduce incidence or duration of ICU-
acquired delirium. Much is still unknown with regard to other 
effects on patients. 

Noise in the ICU
Noise is defined as any unwanted or undesirable sound which 
can be disruptive to normal hearing.[45] The definition of a 
sound being classified as noise is obviously subjective and 
determined by many factors, such as the nature of the sound, 
individual perception, cultural and social factors, the possibility 
of controlling the source of the noise and appropriateness to the 
situation. Normally, sound is defined by the amplitude (sound 
pressure, expressed in the unit of decibels, dB) and frequency, 
expressed in Hertz of a sound wave. Noise levels are normally 
expressed in A-weighted decibels (dBA) to account for the 
difference in sound perception of different frequencies of the 
human ear.[46] Optimal hearing takes place between 1000 and 
5000 Hz and the pain threshold with respect to the sound 
pressure lies around 120 dB.

With respect to hospitals, the World Health Organisation 
(WHO) recommends that average background noise levels 
should not exceed 30 dBA and that peaks during the night should 
be below 40 dBA.[46] Unfortunately, research on sound pressure 
levels in hospitals in general, and ICUs specifically, demonstrates 
rising sound pressure levels over the years of averages up to 60-
65 dBA in ICUs. This is the equivalent to a busy office, whereby 
the limit set by the WHO is always exceeded, especially during 
night-time.[47,48] Noise peaks in the ICU, up to 85 dBA, which is 
the equivalent of a road drill, occur as often as 16 times an hour.[48] 
Many factors contribute to noise pollution in the ICU. Especially 
noise from alarms and mechanical ventilation is typical for ICU 
environments, but also noise from high-intensity staff activity 
and discussion at the bedside play an important role.[47] 

Impact of noise on ICU patients
According to the WHO, excessive noise seriously harms human 
health and interferes with people’s daily activities at school, at 
work, at home and during leisure time.[46] It may disturb sleep, 
cause cardiovascular and psychophysiological effects, reduce 
performance and provoke annoyance responses and changes 
in social behaviour.[49] In the ICU, patients as well as caregivers 
rate noise as one of the three most bothersome experiences 
in the ICU.[50,51] Alarm sounds, staff conversation and noises 
coming from daily activities appear to be most disruptive to 
sleep (figure 1).[50,52] However, studies evaluating noise in the 
ICU show conflicting results as to whether noise is a significant 
contributor to sleep disturbances or not.[53-55] Sleep is traditionally 
measured using polysomnography. Polysomnography is a 
multi-parametric recording using neurophysiological tests such 
as electroencephalography, electro-oculography and electro-
myography to detect biophysiological changes that occur 
during sleep and classify them according to validated sleep stage 
scoring systems. In a small group of critically ill patients (n=22), 
polysomnography showed that noise accounted for as little  
as 11.5% of arousals from sleep in mechanically ventilated 
patients.[54] Most studies found much higher rates of arousals 
caused by environmental noise.[53,56,57] Apart from the fact that 
different methods have been used to determine sleep quality, an 
important problem in assessing the value of these studies is that in 
many ICU patients, the electroencephalography patterns found 
are difficult or even impossible to classify using classical sleep 
staging scores. Therefore conventional scoring rules may not 
apply to ICU patients.[18] In addition to the direct effects of noise 
on sleep, unexpected noises from sources beyond the control 
of the patient, such as alarms, may also increase sympathetic 
function and negatively influence cardiac function.[58] 

Reducing noise in the ICU
As already mentioned, noise sources appear to belong to three 
groups: 1) staff conversation and activity, 2) noise from medical 
devices, and 3) noise from alarms.
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Adaptation of staff conversation and activity
Obviously, communication by means of talking and patient care 
activities are indispensable in critical care. However, a study 
evaluating noise sources by means of an audio recording found 
that a significant amount of staff conversation does not concern 
patient care and therefore appears to be avoidable (figure 1).[47] 

Adaptation of behaviour seems to be a sensible approach to 
reduce the burden of noise pollution in the ICU. Several studies 
have investigated effects of nocturnal noise reduction bundles, 
including clustering of patient care activities, closing of doors 
and alarm modification and implementation of quiet times and 
thereby found not only improvement in sleep but also reduction 
in the incidence of delirium.[59,60] In addition, sleep improvement 
by means of a multimodal approach, including noise-reduction 
strategies, appears to improve patient outcomes as well.[61] 
However, studies in this field are hampered by methodological 
issues.[62] Visual warning systems that indicate excessive noise 
levels and thus provide feedback to caregivers are commercially 
available and may reduce average sound pressure levels;[63] 
however, evidence of its effectiveness in decreasing noise in the 
ICU is limited.

Earplugs
Earplugs as a means of reducing the burden of excessive noise 
and to improve sleep are cheap interventions used at home or 
during travelling. Their use in ICU patients, either alone or 
in combination with eye masks, to improve sleep and reduce 
delirium has been investigated in several studies. A recent 
review, including 19 studies involving 1379 participants, 
concluded that earplugs showed positive effects on sleep quality 
and delirium incidence.[64] These results should be interpreted 
with caution due to selection bias and because of the use of 
different methods of measuring sleep quality.[64,65] Obviously, 
earplugs can only be used in a selected subgroup of patients, 
due to the previously mentioned risk of sensory deprivation. 
When the patient is awake and cooperative, however, the use of 
earplugs may provide a cheap and effective method to decrease 
the burden of environmental noise. 

Alarm modification
Alarms contribute significantly to noise pollution in the ICU. Apart 
from the mere acoustical energy, also the unfamiliarity as well as 
its unpredictability play a role in the perception of alarms as being 
disturbing.[66] Many of the alarms being generated are false alarms 
and only a minority lead to interventions.[67] Studies have shown 
that alarm modification appears feasible and leads to significantly 
less alarms. For example, delaying an alarm for several seconds 
leads to a significant reduction in false alarms.[68] Also, adaptation 
of alarm limits and daily replacement of electrodes appears to 
lead to a significant reduction in the number of alarms.[69] 

Conclusion
In this review we have described the physiology and impact 
of light and noise on critically ill patients. While the negative 
influence of the ICU environment on critically ill patients has 
become clear in recent years, much is still unknown on the 
effects of light and noise on the individual patient. A multimodal 
approach, including improvement of daily light exposure and 
reduction of excessive noise to improve sleep and reduce 
unnecessary stimuli appears to be a reasonable and easy step 
to improve the care of the critically ill patient. Objective and 
measurable outcome criteria, such as incidence and duration of 
delirium and sleep quality, as well as patient-reported outcome 
measures, should be able to provide an adequate insight into 
the effects of these interventions. In this respect, the results 
of a prospective observational study on the influence of a 
multimodal adaptation of an ICU environment, including light 
and noise exposure, on patient outcomes are eagerly awaited 
(clinicaltrials.gov no. NCT02143661). Future research should 
demonstrate whether specific forms of light therapy, structural 
adaptations and/or behavioural modification may further 
improve patient outcomes. 
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Figure 1. Average number (occurrences of sound events/min), accumulated 

duration and average duration of events during a 24-hour annotation 

of an ICU audio recording, according to their source. Patient (v) = 

conversation from the patient; Staff (v) = staff conversation; Staff (a) = 

staff activities;  M. Devices = medical devices. Reproduced from Park et 

al., Journal of the Acoustical Sciences of America 2014 135(4) 1875-86, 

with the permission of the Acoustical Society of America



Netherlands Journal of Critical Care
 Impact of light and noise on ICU patients

 NETH J CRIT CARE  - VOLUME 27 - NO 4 - JULY 2019 149

References

1.  Huisman E, Morales, E, van Hoof J, Kort HSM. Healing environment: A review of the impact 
of physical environmental factors on users [review]. Build Environ. 2012;58:70-80.

2.  Vincent JL. Critical care--where have we been and where are we going? Crit Care. 
2013;17 Suppl 1:S2.

3.  Hashem MD, Nallagangula A, Nalamalapu S, et al. Patient outcomes after critical 
illness: a systematic review of qualitative studies following hospital discharge. Crit 
Care. 2016;20:345.

4.  Van Rompaey B, Elseviers MM, Schuurmans MJ, Shortridge-Baggett LM, Truijen S, 
Bossaert L. Risk factors for delirium in intensive care patients: a prospective cohort 
study. Crit Care. 2009;13:R77.

5.  Dupont E, Craciun L. UV-induced immunosuppressive and anti-inflammatory 
actions: mechanisms and clinical applications. Immunotherapy. 2009;1:205-10.

6. Brzezinski A. Melatonin in humans. N Engl J Med. 1997;336:186-95.
7.  Vandewalle G, Maquet P, Dijk DJ. Light as a modulator of cognitive brain function. 

Trends Cogn Sci. 2009;13:429-38.
8.  Waldhauser F, Dietzel M. Daily and annual rhythms in human melatonin secretion: 

role in puberty control. Ann N Y Acad Sci. 1985;453:205-14.
9.  Lewy AJ, Sack RL. The dim light melatonin onset as a marker for circadian phase 

position. Chronobiol Int. 1989;6:93-102.
10.  Lathrop NJ, Lentz M. Melatonin, light therapy, and jet lag. Air Med J. 2001;20:30-4.
11.  Golden RN, Gaynes BN, Ekstrom RD, et al. The efficacy of light therapy in the 

treatment of mood disorders: a review and meta-analysis of the evidence. Am J 
Psychiatry. 2005162:656-62.

12.  Lieverse R, Van Someren EJ, Nielen MM, Uitdehaag BM, Smit JH, Hoogendijk WJ. 
Bright light treatment in elderly patients with nonseasonal major depressive disorder: 
a randomized placebo-controlled trial. Arch Gen Psychiatry. 2011;68:61-70.

13.  Riemersma-van der Lek RF, Swaab DF, Twisk J, Hol EM, Hoogendijk WJ, Van Someren 
EJ. Effect of bright light and melatonin on cognitive and noncognitive function 
in elderly residents of group care facilities: a randomized controlled trial. JAMA. 
2008;299:2642-55.

14.  Nelson RJ, Demas GE. Seasonal changes in immune function. Q Rev Biol. 
1996;71:511-48.

15.  Walton JC, Weil ZM, Nelson RJ. Influence of photoperiod on hormones, behavior, and 
immune function. Front Neuroendocrinol. 2011;32:303-19.

16.  Oldham MA, Lee HB, Desan PH. Circadian Rhythm Disruption in the Critically Ill: An 
Opportunity for Improving Outcomes. Crit Care Med. 2016;44:207-17.

17.  Mundigler G, Delle-Karth G, Koreny M, et al. Impaired circadian rhythm of 
melatonin secretion in sedated critically ill patients with severe sepsis. Crit Care 
Med. 2002;30:536-40.

18.  Pisani MA, Friese RS, Gehlbach BK, Schwab RJ, Weinhouse GL, Jones SF. Sleep in the 
intensive care unit. Am J Respir Crit Care Med. 2015;191:731-8.

19.  Paul T, Lemmer B. Disturbance of circadian rhythms in analgosedated intensive care 
unit patients with and without craniocerebral injury. Chronobiol Int. 2007;24:45-61.

20.  Olofsson K, Alling C, Lundberg D, Malmros C. Abolished circadian rhythm of 
melatonin secretion in sedated and artificially ventilated intensive care patients. Acta 
Anaesthesiol Scand. 2004;48:679-84.

21.  Frisk U, Olsson J, Nylen P, Hahn RG. Low melatonin excretion during mechanical 
ventilation in the intensive care unit. Clin Sci (Lond). 2004;107:47-53.

22.  Figueroa-Ramos MI, Arroyo-Novoa CM, Lee KA, Padilla G, Puntillo KA. Sleep and 
delirium in ICU patients: a review of mechanisms and manifestations. Intensive Care 
Med. 2009;35:781-95.

23.  Ely EW, Gautam S, Margolin R, et al. The impact of delirium in the intensive care unit 
on hospital length of stay. Intensive Care Med. 2001;27:1892-900.

24.  van den Boogaard M, Schoonhoven L, Evers AW, van der Hoeven JG, van Achterberg 
T, Pickkers P. Delirium in critically ill patients: impact on long-term health-related 
quality of life and cognitive functioning. Crit Care Med. 2012;40:112-8.

25.  Castro RA, Angus DC, Hong SY, et al. Light and the outcome of the critically ill: an 
observational cohort study. Crit Care. 2012 ;16:R132.

26.  Simons KS, Workum JD, Slooter AJ, van den Boogaard M, van der Hoeven JG, Pickkers 
P. Effect of preadmission sunlight exposure on intensive care unit-acquired delirium: 
a multicenter study. J Crit Care. 2014;29:283-6.

27.  Walder B, Francioli D, Meyer JJ, Lancon M, Romand JA. Effects of guidelines 
implementation in a surgical intensive care unit to control nighttime light and noise 
levels. Crit Care Med. 2000;28:2242-7.

28.  Li SY, Wang TJ, Vivienne Wu SF, Liang SY, Tung HH. Efficacy of controlling night-time 
noise and activities to improve patients' sleep quality in a surgical intensive care unit. 
J Clin Nurs. 2011;20:396-407.

29.  Dennis CM, Lee R, Woodard EK, Szalaj JJ, Walker CA. Benefits of quiet time for neuro-
intensive care patients. J Neurosci Nurs. 2010;42:217-24.

30.  Barr J, Fraser GL, Puntillo K, et al. Clinical practice guidelines for the management of 
pain, agitation, and delirium in adult patients in the intensive care unit. Crit Care Med. 
2013;41:263-306.

31.  Hu RF, Jiang XY, Chen J, et al. Non-pharmacological interventions for sleep promotion 
in the intensive care unit. Cochrane Database Syst Rev. 2015 Oct 06(10):CD008808.

32.  Baron R, Binder A, Biniek R, et al. Evidence and consensus based guideline for the 
management of delirium, analgesia, and sedation in intensive care medicine. 
Revision 2015 (DAS-Guideline 2015) - short version. Ger Med Sci. 2015;13:Doc19.

33.  Spronk PE, van Eijk MMJ, van den Boogaard M, van der Jagt M, Kuiper MA, Smit EGM, 
Slooter AJC NVIC richtlijn Delirium op de IC. 2010; Available from: https://nvic.nl/sites/
default/files/Richtlijnen%20aanmaken/NVIC-richtlijn-delirium-14-5-2010_0.pdf.

34.  Simons KS, van den Boogaard M, de Jager CP. Reducing sensory input in critically ill 
patients: are eyemasks a blind spot? Crit Care. 2012;16:439.

35.  Ulrich RS. View through a window may influence recovery from surgery. Science. 
198427;224:420-1.

36.  Wunsch H, Gershengorn H, Mayer SA, Claassen J. The effect of window rooms on 
critically ill patients with subarachnoid hemorrhage admitted to intensive care. Crit 
Care. 2011;15:R81.

37.  Kohn R, Harhay MO, Cooney E, Small DS, Halpern SD. Do windows or natural views 
affect outcomes or costs among patients in ICUs? Crit Care Med. 2013;41:1645-55.

38.  Shikder S, Mourshed M, Price A. Therapeutic lighting design for the elderly: a review. 
Perspect Public Health. 2012;132:282-91.

39.  Ono H, Taguchi T, Kido Y, Fujino Y, Doki Y. The usefulness of bright light therapy for 
patients after oesophagectomy. Intensive Crit Care Nurs. 2011;27:158-66.

40.  Chong MS, Tan KT, Tay L, Wong YM, Ancoli-Israel S. Bright light therapy as part of a 
multicomponent management program improves sleep and functional outcomes 
in delirious older hospitalized adults. Clin Interv Aging. 2013;8:565-72.

41.  Simons KS, Laheij RJ, van den Boogaard M, et al. Dynamic light application therapy 
to reduce the incidence and duration of delirium in intensive-care patients: a 
randomised controlled trial. Lancet Respir Med. 2016;4:194-202.

42.  Dispersyn G, Pain L, Challet E, Touitou Y. General anesthetics effects on circadian 
temporal structure: an update. Chronobiol Int. 2008;25:835-50.

43.  Yuan D, Collage RD, Huang H, et al. Blue light reduces organ injury from ischemia and 
reperfusion. Proc Natl Acad Sci U S A. 2016;113(:5239-44.

44.  Lewis AJ, Zhang X, Griepentrog JE, et al. Blue Light Enhances Bacterial Clearance and 
Reduces Organ Injury During Sepsis. Crit Care Med. 2018; 46:426-434 45. 
Definition of noise. [09-Oct-2017]; Available from: https://www.merriam-webster.
com/dictionary/noise.

46.  Berglund B, Lindvall T, Schwela DH. Guidelines for community noise. World Health 
Organization Geneva; 1999: p. 43.

47.  Park M, Kohlrausch A, Bruijn Wd, Jager CD, Simons K. Analysis of the soundscape in 
an intensive care unit based on the annotation of an audio recording. Journal of the 
Acoustical Society of America. 2014;135:1875-86.

48.  Darbyshire JL, Young JD. An investigation of sound levels on intensive care units with 
reference to the WHO guidelines. Crit Care. 2013;17:R187.

49.  Basner M, Babisch W, Davis A, et al. Auditory and non-auditory effects of noise on 
health. Lancet. 2014;383:1325-32.

50.  Rose L, Nonoyama M, Rezaie S, Fraser I. Psychological wellbeing, health related quality 
of life and memories of intensive care and a specialised weaning centre reported by 
survivors of prolonged mechanical ventilation. Intensive Crit Care Nurs. 2014;30:145-51.

51.  Lombardo V, Vinatier I, Baillot ML, et al. How caregivers view patient comfort and what 
they do to improve it: a French survey. Ann Intensive Care. 2013;3:19.

52. Hinton L. The intensive care unit was so noisy I couldn't sleep. BMJ. 2016;353:i2150.
53.  Aaron JN, Carlisle CC, Carskadon MA, Meyer TJ, Hill NS, Millman RP. Environmental 

noise as a cause of sleep disruption in an intermediate respiratory care unit. Sleep. 
1996;19:707-10.

54.  Freedman NS, Gazendam J, Levan L, Pack AI, Schwab RJ. Abnormal sleep/wake cycles 
and the effect of environmental noise on sleep disruption in the intensive care unit. 
Am J Respir Crit Care Med. 2001;163:451-7.

55.  Frisk U, Nordstrom G. Patients' sleep in an intensive care unit--patients' and nurses' 
perception. Intensive Crit Care Nurs. 2003;19:342-9.

56.  Persson Waye K, Elmenhorst EM, Croy I, Pedersen E. Improvement of intensive care 
unit sound environment and analyses of consequences on sleep: an experimental 
study. Sleep Med. 2013;14:1334-40.

57.  Elbaz M, Leger D, Sauvet F, et al. Sound level intensity severely disrupts sleep in 
ventilated ICU patients throughout a 24-h period: a preliminary 24-h study of sleep 
stages and associated sound levels. Ann Intensive Care. 2017;7:25.

58.  Hagerman I, Rasmanis G, Blomkvist V, Ulrich R, Eriksen CA, Theorell T. Influence of 
intensive coronary care acoustics on the quality of care and physiological state of 
patients. Int J Cardiol. 2005;98:267-70.

59.  van de Pol I, van Iterson M, Maaskant J. Effect of nocturnal sound reduction on the 
incidence of delirium in intensive care unit patients: An interrupted time series 
analysis. Intensive Crit Care Nurs. 2017;41:18-25.

60.  McAndrew NS, Leske J, Guttormson J, Kelber ST, Moore K, Dabrowski S. Quiet time for 
mechanically ventilated patients in the medical intensive care unit. Intensive Crit Care 
Nurs. 2016;35:22-7.

61.  Kamdar BB, King LM, Collop NA, et al. The effect of a quality improvement 
intervention on perceived sleep quality and cognition in a medical ICU. Crit Care 
Med. 2013;41:800-9.

62.  Flannery AH, Oyler DR, Weinhouse GL. The Impact of Interventions to Improve Sleep 
on Delirium in the ICU: A Systematic Review and Research Framework. Crit Care Med. 
2016;44:2231-40.

63.  Brown J, Fawzi W, Shah A, et al. Low stimulus environments: reducing noise levels in 
continuing care. BMJ Qual Improv Rep. 2016;5(1).

64.  Locihova H, Axmann K, Padysakova H, Fejfar J. Effect of the use of earplugs and eye 
mask on the quality of sleep in intensive care patients: a systematic review. J Sleep 
Res. 2018;27:e12607.

65.  Litton E, Carnegie V, Elliott R, Webb SA. The Efficacy of Earplugs as a Sleep Hygiene 
Strategy for Reducing Delirium in the ICU: A Systematic Review and Meta-Analysis. 
Crit Care Med. 2016;44:992-9.

66.  Johansson L, Bergbom I, Lindahl B. Meanings of being critically ill in a sound-
intensive ICU patient room - a phenomenological hermeneutical study. Open Nurs J. 
2012;6:108-16.

67.  Chambrin MC, Ravaux P, Calvelo-Aros D, Jaborska A, Chopin C, Boniface B. Multicentric 
study of monitoring alarms in the adult intensive care unit (ICU): a descriptive analysis. 
Intensive Care Med. 1999;25:1360-6.

68.  Gorges M, Markewitz BA, Westenskow DR. Improving alarm performance in 
the medical intensive care unit using delays and clinical context. Anesth Analg. 
2009;108:1546-52.

69.  Paine CW, Goel VV, Ely E, et al. Systematic Review of Physiologic Monitor Alarm 
Characteristics and Pragmatic Interventions to Reduce Alarm Frequency. J Hosp Med. 
2016;11:136-44.


