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Objectives: To use clinically accessible tools to determine unit-
level and individual patient factors associated with sound levels 
and sleep disruption in a range of representative ICUs.
Design: A cross-sectional, observational study.
Setting: Australian and New Zealand ICUs.
Patients: All patients 16 years or over occupying an ICU bed on 
one of two Point Prevalence study days in 2015.
Interventions: Ambient sound was measured for 1 minute using 
an application downloaded to a personal mobile device. Bedside 
nurses also recorded the total time and number of awakening for 
each patient overnight.
Measurements and Main Results: The study included 539 partici-
pants with sound level recorded using an application downloaded 
to a personal mobile device from 39 ICUs. Maximum and mean 

sound levels were 78 dB (sd, 9) and 62 dB (sd, 8), respectively. 
Maximum sound levels were higher in ICUs with a sleep policy or 
protocol compared with those without maximum sound levels 81 
dB (95% CI, 79–83) versus 77 dB (95% CI, 77–78), mean dif-
ference 4 dB (95% CI, 0–2), p < 0.001. There was no significant 
difference in sound levels regardless of single room occupancy, 
mechanical ventilation status, or illness severity. Clinical nurs-
ing staff in all 39 ICUs were able to record sleep assessment in 
15-minute intervals. The median time awake and number of pro-
longed disruptions were 3 hours (interquartile range, 1–4) and 
three (interquartile range, 2–5), respectively.
Conclusions: Across a large number of ICUs, patients were 
exposed to high sound levels and substantial sleep disruption irre-
spective of factors including previous implementation of a sleep 
policy. Sound and sleep measurement using simple and accessi-
ble tools can facilitate future studies and could feasibly be imple-
mented into clinical practice. (Crit Care Med 2017; XX:00–00)
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Sleep disruption can result in immune, metabolic, endo-
crine, and psychomotor dysfunction. In patients admitted 
to the ICU, sleep disruption is common and is associ-

ated with delirium (1, 2). There is some evidence to suggest 
ICU sound levels consistently exceed World Health Organiza-
tion (WHO) hospital recommendations of 30 and 40 dB for 
baseline and sound events, respectively, and are a potentially 
modifiable contributor to sleep disruption in the ICU (3–5). 
However, the ICU and patient determinants of sound remain 
uncertain at least in part because established methods to mea-
sure sound and sleep, such as sound level meters and polysom-
nography (PSG), are expensive, cumbersome, time consuming, 
and have generally only been undertaken in small numbers of 
patients and ICUs. Furthermore, studies reporting ICU noise 
reduction initiatives during the implementation phase may 
not reflect longer term translation into practice reducing gen-
eralizability of the findings.
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The aim of this study was to use clinically accessible sound 
and sleep measuring tools to determine unit-level and indi-
vidual patient factors associated with sound levels and sleep 
disruption in a range of representative ICUs.

MATERIALS AND METHODS
We undertook a cross-sectional, observational study in 49 
ICUs in Australia and New Zealand as part of the Australian 
and New Zealand Intensive Care Society Clinical Trials Group 
Point Prevalence Program (PPP). Of these, 39 contributed 
to the sound and sleep recording. A full list of participating 
sites and study investigators is provided in the supplemen-
tary appendix (Appendix 1, Supplemental Digital Content 1, 
http://links.lww.com/CCM/C553). Participating sites collected 
prespecified data over a 24-hour period in all patients 16 years 
or over occupying an ICU bed at 10 am on one of two PPP 
study days (September 15, 2015 or October 14, 2015).

Demographic and physiologic data including mechani-
cal ventilation status, Acute Physiology and Chronic Health 
Evaluation II score, and Sequential Organ Failure Assessment 
(SOFA) score were collected from the medical notes and ICU 
bedside charts and scored without the neurologic component. 
Participants were followed up to hospital discharge, censored 
at 28 days post the nominated point prevalence day. Data 
were entered into an electronic data capture system (REDCap; 
Vanderbilt University, TN) hosted at The George Institute for 
Global Health (6). Measurements of ambient sound levels were 
made by data collectors at participating sites using a sound 
measurement application (app) downloaded to a personal 
mobile device. The nominated apps (Decibel 10th for iOS and 
Sound Meter for Android) were chosen for the accuracy of 
sound recording based on previously published comparative 
reports (7, 8). Continuous equivalent sound levels (LAeq) and 
maximum sound levels (LAmax) were measured in A-weighted 
decibels (dB [A]) with the measurement device placed within 
1 m of the head of each study participant and recorded con-
tinuously for 1 minute. No prespecified time of recording was 
mandated. Details of sound collection protocol provided to 
site research staff are found in the supplementary appendix 
(Supplemental Digital Content 1, http://links.lww.com/CCM/
C553). Bedside nurses also recorded time awake overnight 
(22:00-06:00), recorded on the night preceding the point prev-
alence day using an adapted version of a previously published 
bedside sleep assessment tool (9). A prolonged disruption 
was defined as an overnight period of wakefulness following 
a period of sleep of 15 minutes or more. A full description of 
the sound recording apps, methods, and bedside assessment 
tool is provided in the supplementary appendix (Supplemental 
Digital Content 1, http://links.lww.com/CCM/C553).

Data are presented as mean and sd for normally distributed 
data, with differences tested using the Student t test or repeated 
analysis of variance as appropriate. Nonnormally distributed 
data are presented as median and interquartile range (IQR) 
with differences assessed using the Mann-Whitney U test. 
CIs for median differences were calculated using the Bonett-
Price method. Categorical data are presented as number and 

percentages and assessed using chi-square or Fisher exact 
tests as appropriate. Outcome data were censored at 28 days. 
No assumptions were made for missing data. The data were 
analysed using Stata SE 14.1 (StataCorp, College Station, TX). 
All participating sites received institutional approval prior to 
undertaking the study. The article was prepared according to 
STROBE guidelines (10).

RESULTS
The study included 539 participants with sound measurement 
recordings who were being treated in 39 ICUs (20 tertiary, 10 
metropolitan, three rural, six private ICUs, range of funded ICU 
beds 6–51). Recording of total time awake overnight occurred 
in all 39 ICUs and was available for 376 participants (67%). The 
characteristics of the cohort and subgroup with recording of 
total time awake overnight are presented in Table 1.

Unit-Level Sleep-Related Interventions
Only six ICUs (15%) reported using a sleep protocol or policy. 
Of the total study cohort, earplugs and eye masks were used in 
five (0.9%) and seven (1%) participants, respectively. Specified 
times at which lights were dimmed and brightened during the 
overnight period were reported by 34 ICUs (87%). The most 
common times for dimming and brightening lights were 22:00 
(63%) and 07:00 (40%), respectively.

TABLE 1. Participant Characteristics

Variable

Entire  
Cohorta  

(n = 539)

Sleep Measure-
ment Subgroupa 

(n = 376)

Age 62 (48–72) 62 (47–72)

Male sex, n (%) 304 (56) 219 (58)

Source of admission, n (%)   

Emergency department 149 (28) 103 (27)

Operating theater (elective) 117 (22) 77 (20)

Operating theater 
(emergency)

90 (17)
64 (17)

Ward 116 (22) 86 (23)

Other hospital 42 (8) 28 (7)

Other ICU 25 (5) 18 (5)

Acute Physiology and Chronic 
Health Evaluation II

17 (12–22)
17 (12–22)

Sequential Organ Failure 
Assessment

7 (3–11)
7 (3–11)

Mechanical ventilation, n (%) 211 (39) 146 (39)

Length of stay ICU, d 6 (3–15) 6 (3–16)

Length of stay hospital, d 16 (9–31) 17 (10–31)

Mortality ICU, n (%) 37 (7) 21 (6)

Mortality hospital, n (%) 59 (11) 38 (10)
a�Median and interquartile range unless otherwise specified.
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Sound Levels
Overall, maximum and mean sound levels were 78 dB (sd, 
9) and 62 dB (sd, 8), respectively. Sound measurements were 
recorded at time points throughout the 24-hour cycle, with 
474 individual patient measurements occurring between 08:00 
and 22:00 and 65 measurements occurring between 22:00 and 
08:00. Maximum and mean sound levels according to time of 
day are presented in Figure 1.

Maximum sound levels varied significantly according to 
ICU (range, 58–91 dB; p < 0.01) (Fig. 2). The association 
remained significant when time of recording was accounted 
for (p < 0.01). There was no significant correlation between 
maximum sound levels and number of occupied ICU beds 
(p = 0.85). Structural and individual factors associated with 
sound levels are presented in Table 2.

Overnight Wakefulness
The median time awake overnight was 3 hours (IQR, 1–4). 
The median number of disruptions was three (IQR, 2–5). The 
median hours awake overnight was 2 hours (IQR, 0–4) versus 
3 hours (IQR, 2–4) for ventilated and nonventilated patients, 
respectively (median difference 1 hr [95% CI, 0–2]; p < 0.001]). 

Additional unit-level and individual factors associated with 
overnight total time awake are presented in Table 3.

DISCUSSION
We have conduced a large, prospective multicenter study that 
measured sound levels in the ICU using a simple app down-
loaded to a personal mobile device. The use of simple, stan-
dardized download and measurement instructions achieved 
clinically useful sound recordings in 539 ICU patients in 39 
different ICUs. This suggests broad generalizability of the 
methodology and the potential for replication in a wide 
variety of clinical and research settings. Furthermore, we 
found that clinical nursing staff across all 39 participating 
ICUs were consistently able to record sleep assessment in 
15-minute intervals. This provides evidence of the feasi-
bility of pragmatic documentation of sleep both in a large 
study setting, and potentially in everyday clinical practice, 
for example, to improve prediction of delirium (11). Future 
studies should examine whether consistent measurement 
and documentation of sound and sleep in the ICU are also 
associated with improvements in both, and, consequently, 
patient outcomes.

Figure 1. Maximum and mean sound levels by time of day.
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We found that sound levels in the ICU were universally high 
and exceeded WHO recommendations at all time points mea-
sured in both the day and the night (4). Sound levels were simi-
lar when comparing patients in a single bed and open ward 
area and were not dependent on mechanical ventilation status 
or SOFA score. Our findings suggest that high sound levels are 
a ubiquitous problem for patients admitted to the ICU, irre-
spective of geography, supportive therapies or illness severity. 
However, sound levels did vary between hospitals and the dif-
ference remained significant when time of recording and bed 
occupancy were taken into account.

In our study, the use of a unit sleep policy or protocol was 
infrequent but associated with statistically higher, although 
clinically similar, sound levels. Patel et al introduced a multi-
component nocturnal sleep bundle in a single ICU and found 
a significant increase in sleep and decrease in delirium. In 
contrast, Tainter et al (3) found the use of a formal quiet time 
was associated with a clinically irrelevant reduction in sound 
levels at night, largely attributable to excessive environmen-
tal noise. These findings are consistent with several studies 
in which implementation of a sleep protocol based on altera-
tion in staff behavior has shown minimal decrease in sound 

or improvement in sleep duration (12–14). Whether the dif-
ferences in findings relate to environmental factors, imple-
mentation strategy or are a result of ‘implementation decay’ 
was not assessed in our study (15). Future studies should con-
sider addressing this issue and may assist in updating delirium 
guidelines (16).

The extent to which noise is a major contributor to sleep 
disruption in the ICU has been questioned. Freedman et al 
(17) performed sound level recordings and PSG in 22 patients 
in a single medical ICU and found that noise accounted for 
only 17% of awakenings. In our study, performed in a large 
number of patients and ICUs, the mean maximum sound lev-
els of 78 dB, recorded within a meter of the patient’s head, were 
similar in volume to an alarm clock (18). We believe that, for 
the majority of patients in the ICU, in whom light sedation or 
no sedation is the goal, it is implausible that sound levels in this 
range do not cause sleep disruption. Furthermore, the results 
align with the evidence of reported patient perception of noise 
as a substantial contributor to sleep disruption (19, 20).

Earplugs are a cheap and easily administered noise abate-
ment strategy that may reduce delirium in patients admitted to 
the ICU (21). Despite this, our study found that earplugs were 

Figure 2. Hospital variation in mean maximum sound levels.

iAnnotate User
Highlight

iAnnotate User
Underline

iAnnotate User
Highlight

iAnnotate User
Underline

iAnnotate User
Highlight



Copyright © 2017 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Clinical Investigation

Critical Care Medicine	 www.ccmjournal.org	 5

used in less than 1% of patients, suggesting that the quality 
of the evidence is currently insufficient to lead to widespread 
implementation. Given the difficulties in achieving a clini-
cally meaningful reduction in sound levels in the ICU, further 
studies should assess the feasibility and efficacy of earplugs 
as a unit-level strategy to abate sound, improve sleep, reduce 
delirium, and, potentially, improve patient-centered outcomes 
(20, 21).

Our study also found that overnight sleep disruption is 
substantial and ubiquitous, and independent of ICU location 
or illness severity. Compared with non-intubated patients, 
the number of hours awake overnight was significantly less in 
patients receiving mechanical ventilation, possibly due to the 
difficulty in differentiating sedation from sleep. However, a 
median observed duration of 2 hours awake overnight in ven-
tilated patients is still high and likely to underestimate the true 
time awake, and, particularly if cumulative over the ICU stay,  
of potential clinical significance (22).

Several limitations to this study are recognized. Prevalent 
patients may be systematically different to incident patients 

with overrepresentation of long-stay patients. Sound levels 
and documentation of wakefulness may have been recorded at 
separate time points precluding analysis of association. Timing 
was not controlled between or within sites. These issues could 
easily be addressed in future studies using this recording meth-
odology. Although sound levels were only recorded for a min-
ute and only a minority of measurements occurred overnight, 
the findings are consistent with other studies and this still rep-
resents one of the largest cohort of ICU patients to have sound 
measurements recorded overnight (5, 23). Sleep disruption 
was measured using a validated observational tool that may 
underestimate wakefulness (total time and number of disrup-
tions) compared with the gold standard of PSG (24). However, 
Edwards et al (9) found that nursing assessment of sleep was 
correct 82% of the time compared with PSG, standardized PSG 
staging criteria may not reliably determine the presence or 
absence of sleep in critical illness, and revised sleep scoring cri-
teria proposed for critically ill patients proposed (pathologic 
wakefulness and atypical sleep), also rely first on a bedside 
behavioral assessment of sleep (25). Sound levels were assessed 
using an app downloaded to a personal mobile device rather 
than a gold standard measurement device. However, the sound 
levels reported in our pragmatic study were consistent with 
other studies, and it is unlikely that the large, representative, 
sample size of our study could have been achieved with con-
ventional sound measuring equipment (23, 26, 27). Sedation 

TABLE 2. Factors Associated With Sound 
Levels

Maximum Sound Level, 
dB

Resulta  
(n = 539)

Difference, 
Mean  

(95% CI) p

Time of day    

  Day—08:00 to 22:00 
(n = 474)

79 (78–80) 5 (3–8) < 0.001

  Night—22:00 to 08:00 
(n = 65)

74 (71–76)   

Single room    

  Yes (n = 301) 78 (77–80) 0 (–2 to –2) 0.93

  No (n = 234) 78 (77–79)   

Unit sleep policy    

  Yes (n = 119) 81 (79–83) 4 (2–6) < 0.001

  No (n = 420) 77 (77–78)   

Illness severity    

  SOFA > 7 (254)b 78 (77–80) 0 (–1 to 2) 0.527

  SOFA ≤ 7 (284)b 78 (77–79)   

Positive pressure 
ventilation

   

  Yes (n = 211) 78 (76–79) 1 (–1 to 2) 0.313

  No (n = 328) 79 (78–80)   

Antipsychotic medication    

  Yes (n = 49) 78 (75–80) 1 (–2 to 3) 0.615

  No (n = 490) 78 (78–79)   

SOFA = Sequential Organ Failure Assessment.
a�Mean and sd unless otherwise specified.
b�SOFA scored without neurologic component.

TABLE 3. Factors Associated With Time 
Awake Overnight

Variable (n = 539)

Median 
Hours  

Awake (IQR)

Median Differ-
ence  

(95% CI) p

Single room    

  Yes (n = 191) 3 (1–4) 0 (–0.4 to –0.9) 0.35

  No (n = 182) 3 (1–4)   

Unit sleep policy    

  Yes (n = 77) 3 (2–4) 0 (–1 to 1) 0.40

  No (n = 299) 3 (1–4)   

Illness severity    

  SOFA > 7 (n = 181) 3 (1–4) 0 (–1 to –1) 0.80

  SOFA ≤ 7 (n = 195) 3 (1–4)   

Positive pressure ventilation

  Yes (n = 146) 2 (0–4) 1 (0–2) <0.001

  No (n = 230) 3 (2–4)   

Antipsychotic medicationa

  Yes (n = 38) 4 (2–6) 1 (0–2) 0.01

  No (n = 338) 3 (1–4)   

IQR = interquartile range, SOFA = Sequential organ failure assessment.
a�Difference remains significant when excluding patients receiving positive 
pressure ventilation (p = 0.01)
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scores were not collected and future studies should examine 
the interplay between the measurement of sedation and sleep.

CONCLUSIONS
Across a large number of ICUs, patients were exposed to high 
sound levels and substantial sleep disruption irrespective of 
previous implementation of a sleep policy or protocol, sin-
gle room occupancy, mechanical ventilation status, or illness 
severity. Sound and sleep measurement using simple, acces-
sible tools can facilitate future studies and could feasibly be 
implemented into clinical practice.

ACKNOWLEDGMENTS
We thank all the contributing research coordinators, site inves-
tigators, sites, the George Institute for Global Health, and the 
Australian and New Zealand Intensive Care Society Clinical 
Trials Group Point Prevalence Program.

REFERENCES
	 1.	Drouot X, Cabello B, d’Ortho MP, et al: Sleep in the intensive care 

unit. Sleep Med Rev 2008; 12:391–403
	 2.	Figueroa-Ramos MI, Arroyo-Novoa CM, Lee KA, et al: Sleep and 

delirium in ICU patients: A review of mechanisms and manifestations. 
Intensive Care Med 2009; 35:781–795

	 3.	Tainter CR, Levine AR, Quraishi SA, et al: Noise levels in surgical 
ICUs are consistently above recommended standards. Crit Care Med 
2016; 44:147–152

	 4.	Berglund B: Guidelines for Community Noise. Geneva, World Health 
Organization, 1999

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

	 6.	Harris PA, Taylor R, Thielke R, et al: Research electronic data capture 
(REDCap)–a metadata-driven methodology and workflow process 
for providing translational research informatics support. J Biomed 
Inform 2009; 42:377–381

	 7.	Keene K: Accuracy of smartphone sound level meter applications. 
Can Hearing Rep 2013; 8:24–28

	 8.	Kardous CA, Shaw PB: Evaluation of smartphone sound measure-
ment applications. J Acoust Soc Am 2014; 135:EL186–EL192

	 9.	Edwards GB, Schuring LM: Pilot study: Validating staff nurses’ obser-
vations of sleep and wake states among critically ill patients, using 
polysomnography. Am J Crit Care 1993; 2:125–131

	10.	von Elm E, Altman DG, Egger M, et al; STROBE Initiative: The 
Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement: Guidelines for reporting observational 
studies. J Clin Epidemiol 2008; 61:344–349

	11.	Wassenaar A, van den Boogaard M, van Achterberg T, et al: Multi-
national development and validation of an early prediction model 
for delirium in ICU patients. Intensive Care Med 2015; 41:1048–
1056

	12.	Walder B, Francioli D, Meyer JJ, et al: Effects of guidelines implemen-
tation in a surgical intensive care unit to control nighttime light and 
noise levels. Crit Care Med 2000; 28:2242–2247

	13.	Liu WF; NIC/Q 2005 Physical Environment Exploratory Group: The 
impact of a noise reduction quality improvement project upon sound 
levels in the open-unit-design neonatal intensive care unit. J Perinatol 
2010; 30:489–496

	14.	Taylor-Ford R, Catlin A, LaPlante M, et al: Effect of a noise reduc-
tion program on a medical-surgical unit. Clin Nurs Res 2008; 
17:74–88

	15.	Buchanan D FL, Ketley D, Gollop R, et al: No going back: A review 
of the literature on sustaining organizational change. Int J Manag Rev 
2005; 7:189–205

	16.	Barr J, Fraser GL, Puntillo K, et al; American College of Critical Care 
Medicine: 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

	17.	Freedman NS, Gazendam J, Levan L, et al: 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; 163:451–457

	18.	Fox S: Noise level chart. 2016. Available at: http://www.noisehelp.
com. Accessed January 4, 2016

	19.	Little A, Ethier C, Ayas N, et al: A patient survey of sleep quality in the 
intensive care unit. Minerva Anestesiol 2012; 78:406–414

	20.	Stewart JA, Green C, Stewart J, et al: Factors influencing quality of 
sleep among non-mechanically ventilated patients in the intensive 
care unit. Aust Crit Care 2016; 30:85–90

	21.	Litton E, Carnegie V, Elliott R, et al: 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; 44:992–999

	22.	Rittayamai N, Wilcox E, Drouot X, et al: Positive and negative effects 
of mechanical ventilation on sleep in the ICU: A review with clinical 
recommendations. Intensive Care Med 2016; 42:531–541

	23.	Elliott RM, McKinley SM, Eager D: A pilot study of sound levels in 
an Australian adult general intensive care unit. Noise Health 2010; 
12:26–36

	24.	Beecroft JM, Ward M, Younes M, et al: Sleep monitoring in the inten-
sive care unit: Comparison of nurse assessment, actigraphy and poly-
somnography. Intensive Care Med 2008; 34:2076–2083

	25.	Watson PL, Pandharipande P, Gehlbach BK, et al: Atypical sleep in 
ventilated patients: Empirical electroencephalography findings and 
the path toward revised ICU sleep scoring criteria. Crit Care Med 
2013; 41:1958–1967

	26.	Hansell HN: The behavioral effects of noise on man: The patient with 
“intensive care unit psychosis”. Heart Lung 1984; 13:59–65

	27.	Elliott R, McKinley S, Cistulli P, et al: Characterisation of sleep in 
intensive care using 24-hour polysomnography: An observational 
study. Crit Care 2013; 17:R46

http://www.noisehelp.com
http://www.noisehelp.com

