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Thesis Overview 

Background 

Sleep is an essential biological function necessary for survival and plays a critical role 

in hormonal regulation and maintenance of physiological homeostasis (Alvarez & Ayas, 

2004; Brummel & Girard, 2013; Friese et al., 2009; Knutson et al., 2007). Sleep 

dysregulation can produce a vast array of adverse physiological and psychological effects in 

individuals. Patients admitted to the intensive care unit (ICU) are susceptible to extensive 

sleep disturbance in the form of sleep deprivation, sleep fragmentation or circadian 

dysrhythmia (Elliott et al., 2013; Friese et al., 2007). Despite these issues and their 

implications, monitoring sleep within this patient cohort remains problematic and challenging 

because of the limited sleep monitoring techniques available to clinicians and the 

acceptability of these to patients. 

Aims and Objectives 

This thesis aims to explore the sleep characteristics of patients admitted to an ICU and 

patients’ experience of sleep, and to explore the feasibility of sleep monitoring techniques 

that may be incorporated as a standard component of clinical care in the intensive care setting 

to assist clinicians in understanding of sleep disturbance and the effectiveness of sleep 

promoting interventions. 

This thesis also integrates an environmental assessment of the clinical environment to 

explore the impact of external factors such as noise, light and clinical interactions as a 

potential contribution to sleep disturbance in this cohort. These stressors are commonly 

reported by patients and staff as factors that impede sleep; investigating the patient 

perspective offers valuable insights into the patient experience to aid clinicians’ awareness of 

the activities that contribute to poor quality of sleep. These insights can provide a basis on 

which staff can intervene and consider strategies that could ameliorate their impact. 
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Significance 

Sleep disturbance is a significant stressor associated with an ICU admission, and up to 

50% of patients report disturbed sleep, with 30% continuing to experience sleep disturbance 

post ICU discharge (Beltrami et al., 2015). Despite its vast physiological and psychological 

impacts on patients, sleep remains deprioritised within this clinical context. Inadvertently, a 

lack of attention to the important role sleep plays in a patient’s overall recovery may be 

exposing them to adverse health consequences and increasing their propensity for an 

increased length of hospital stay and development of delirium (Flannery et al., 2016; Pisani et 

al., 2015). For sleep to become an integrated component of overall patient assessment and 

clinical care, there is a need to identify an objective and feasible sleep monitoring method 

that can provide clinical data on the sleep profile of patients admitted to the ICU. This 

research builds upon the contemporary knowledge and understanding of sleep architecture 

and sleep disturbing factors, while attempting to address the deficiency in sleep monitoring 

within the ICU setting. The findings of this research may provide important insights related 

to the effective integration of sleep monitoring within the ICU and identify contributing 

factors that adversely affect sleep. 

Thesis Structure 

This thesis is presented as a thesis by compilation and contains published manuscripts 

within the fields of critical care, nursing, and healthcare. The reproduction of these published 

materials has been approved by the respective publishers (Appendix A). The published 

manuscripts have not been amended from their original acceptance, other than for formatting; 

therefore, the referencing applied may reflect the prescribed requirements of the journal, such 

as American English and referencing techniques, which may vary from Australian English 

and American Psychological Association (APA) referencing techniques. 
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Chapter One provides the background of sleep issues experienced within the hospital 

setting, including challenges encountered in the clinical environment. This chapter provides 

the prelude to the subsequent research by identifying the sleep disturbance encountered by 

patients cared for in the hospital environment and the unique impact of the intensive care 

environment. The findings of this preliminary research provided the impetus to explore the 

impact and novel approaches to monitoring sleep as a component of holistic and humanistic 

approaches to patient care within the clinical setting. This foundational research identified the 

complex issues linked to patient sleep. Published manuscripts included in this chapter are as 

follows: 

• Delaney, L. J., Currie, M. J., Huang, H.-C. C., Lopez, V., & Van Haren, F. (2018). 

“They can rest at home”: An observational study of patients’ quality of sleep in an 

Australian hospital. BMC Health Services Research, 18, Article 524. 

https://doi.org/10.1186/s12913-018-3201-z 

• Delaney, L. J., Currie, M. J., Huang, H.-C. C., Lopez, V., Litton, E., & Van Haren, F. 

(2017). The nocturnal acoustical intensity of the intensive care environment: An 

observational study. Journal of Intensive Care, 5, Article 41. 

https://doi.org/10.1186/s40560-017-0237-9 

Chapter Two explores the biological need for sleep and how sleep disturbance 

adversely affects both the physiological and psychological functioning of individuals. There 

exists an inordinate number of negative effects linked to sleep disturbance and disruption of 

physiological homeostasis. The implications of these for ICU patients are potentially 

significant given the potential bidirectional relationship between sleep disturbance and 

delirium, and implications for health outcomes for patients who develop delirium. The 

development of delirium is prognostically significant and is attributed to prolonged hospital 

length of stay and long-term disability; however, the measured impacts of sleep disturbance 
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on patient outcomes are not explicitly clear. This chapter includes the following published 

manuscripts: 

• Delaney, L. J., Van Haren, F., & Lopez, V. (2015). Sleeping on a problem: The 

impact of sleep disturbance on intensive care patients—A clinical review. Annals of 

Intensive Care, 5, Article 3. 

• Delaney, L. J., Litton, E., & Van Haren, F. (2021). The nexus between sleep 

disturbance and delirium among intensive care patients. Critical Care Nursing 

Clinics, 33(2), 155–171. 

Chapter Three discusses the challenges encountered associated with sleep 

monitoring within this clinical context. To facilitate the recognition and understanding of the 

extent to which sleep disturbance is experienced, sleep monitoring techniques need to be 

available to accurately assess patient sleep. The current literature highlights the challenges 

faced when assessing sleep among ICU patients. This chapter includes the following 

published manuscript: 

• Delaney, L. J., Van Haren, F. V., Currie, M., Huang, H.-C. C., & Lopez, V. (2015). 

Sleep monitoring techniques within intensive care. International Journal of Nursing 

& Clinical Practices, 2, Article 2. 

Chapter Four provides the details of the research protocol, outlining the research 

design, planned analysis and outcome measures to address the research aims and objectives. 

This chapter includes the published study protocol: 

• Delaney, L. J., Currie, M. J., Huang, H.-C. C., Litton, E., Wibrow, B., Lopez, V., & 

Van Haren, F. (2018). Investigating the application of motion accelerometers as a 

sleep monitoring technique and the clinical burden of the intensive care environment 

on sleep quality: Study protocol for a prospective observational study in Australia. 

BMJ Open, 8(1), Article e019704. 
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Identifying feasible and accurate sleep assessment methods for implementation is 

critical to garner biophysiological information around sleep behaviours, to evaluate the extent 

of the problem encountered and the effectiveness of sleep promoting interventions. Chapter 

Five presents the findings related to the sleep architecture of ICU patients and the clinical 

feasibility of motion accelerometer monitoring as a proxy assessment of sleep compared to 

the gold standard, polysomnography. This chapter includes the following published 

manuscript:  

• Delaney, L. J., Litton, E., Melehan, K. L., Huang, H.-C. C., Lopez, V., & Van Haren, 

F. (2021). The feasibility and reliability of actigraphy to monitor sleep in intensive 

care patients: An observational study. Critical Care, 25, Article 42. 

Chapter Six investigates the sleep experiences of conscious ICU patients, inclusive 

of a comparison of sleep monitoring techniques to determine the potential clinical application 

of sleep monitoring in the context of this cohort of ICU patients. Given that more than 60% 

of patients admitted to the ICU do not require mechanical ventilation, attention is needed in 

relation to the sleep quality of patients given its diverse impacts on both physiological and 

psychological functioning. This chapter includes the following published manuscript: 

• Delaney, L. J., Litton, E., Huang, H.-C. C., Lopez, V., & van Haren, F. (2022). The 

accuracy of simple, feasible alternatives to polysomnography for assessing sleep in 

intensive care: An observational study. Australian Critical Care. Advance online 

publication. https://doi.org/10.1016/j.aucc.2022.02.004 

Chapter Seven discusses the sleep disturbing factors and self-reported sleep quality 

of ICU patients. The findings of this sub-study provide insights into the stressors that patients 

experience in the clinical setting that affect sleep and suggest that many of these are 

modifiable with a more focused assessment of patient sleep, and considerations of workflow 

and behavioural modification. This chapter includes the following manuscript: 
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• Delaney, L. J., Litton, E., Huang, H.-C. C., Lopez, V., & Van Haren, F. (2022). 

Intensive care patient’s quality of sleep and identification of sleep disturbing factors: 

An observational sub-study. Manuscript submitted for publication.  

Chapter Eight provides a final summary conclusion of the research undertaken. 

Based on the research conducted and findings, it identifies areas for future research. This 

chapter includes the following published manuscript: 

• Delaney, L., Litton, E., & Van Haren, F. (2019). The effectiveness of noise 

interventions in the ICU. Current Opinion in Anesthesiology, 32(2), 144–149. 
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Chapter 1: Introduction and Background 

What hath night to do with sleep (John Milton) 

1.1 Introduction 

Sleep is a complex yet essential biological process, of which its core function has not 

been fully elucidated in healthy individuals, let alone those suffering from critical illness. 

Sleep in the hospital setting is frequently reported as sub-optimal and subject to a vast array 

of disturbances attributed to the clinical environment, with noise being a primary stressor (Lei 

et al., 2009; Yilmaz et al., 2012). Research exploring the sleep experience of patients has 

been predominantly conducted within the intensive care unit (ICU) setting, whereby 

biophysiological monitoring conducted via polysomnography (PSG) can be more readily 

implemented. PSG-based studies have reported the presence of atypical sleep architecture 

characterised by decreased slow wave sleep (SWS) and rapid eye movement (REM) sleep, 

with increased fragmentation (Boyko et al., 2017; Romagnoli et al., 2020; Wilcox et al., 

2018). The absence of these features contributes to substandard sleep quality, resulting in 

circadian disturbances leading to sleep/wake cycles that traverse the 24-hour cycle (Delaney 

et al., 2021; Elliott et al., 2013; Kelly & McKinley, 2010). Overall, patients cared for in the 

hospital environment report poor quality sleep that is not refreshing, leading to feelings of 

increased fatigue and altered mood (Wesselius et al., 2018). Sleep disturbance has been 

linked to potential adverse events among hospitalised patients; for example, Stone et al. 

(2008) reported that female patients with suppressed sleep duration (<7 hours) and a sleep 

efficiency below 70% were at a higher risk of falls incidence in the subsequent year 

compared with those with normal sleep. Further, impaired sleep is associated with negative 

impacts on immunological function in both animal studies and those involving healthy adults, 
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which may have significant adverse implications for hospitalised patients (Kuo & Williams, 

2014). 

Despite the growing recognition of the importance of sleep more broadly in society 

and within the context of acute illness, little has been accomplished by way of improving 

sleep within this patient population. Studies undertaken in the ICU suggest that upward to 

50% of patient total sleep time (TST) is acquired during daylight hours (Aurell & Elmqvist, 

1985; Freedman et al., 2001; Gabor et al., 2003), contributing to disjointed sleep and 

circadian disturbance. The implications are significant and may negatively affect patient 

recovery and neurocognitive performance, and have been linked to an increase in patient 

morbidity (Alvarez & Ayas, 2004; Ely et al., 2004; Honkus, 2003). 

Sleep disturbance is reported to occur in up to 61% of patients who survive critical 

illness (Closs, 1988; Mathews, 2011; Tamburri et al., 2004) and is deemed to be a significant 

stressor associated with their ICU admission (Nelson et al., 2001; Rotondi et al., 2002). 

Despite the diverse physiological and psychological repercussions attributed to sleep 

disturbance, sleep monitoring does not form a standard component of clinical care. While 

many hospitals and clinicians espouse the provision of holistic care, sleep is often considered 

a quiescent state (Delaney et al., 2018; Medrzycka-Dabrowska et al., 2018; Yamazaki et al., 

2020) with limited consideration of the physiological attributes associated with sleep, such as 

brain activity and bodily repair. This may be partly attributed to a lack of clinical knowledge 

regarding sleep and sleep physiology due to limited educational exposure within nursing 

programs (Gellerstedt et al., 2019; Huang et al., 2018; Radtke et al., 2014). The lack of 

attention paid to the importance of sleep for recovery suggests there is a significant omission 

in meeting the needs of patients, resulting in the cumulative effects of sleep disturbance. 

Addressing sleep disturbance may have a beneficial effect on decreasing hospital 

length of stay by reducing complications linked to sleep disturbance, such as delirium, 
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memory consolidation, low mood, and fatigue (Kamdar, Needham & Collop, 2012; 

Weinhouse et al., 2009). However, the ability to effectively monitor sleep emerges as a 

challenge as few reliable resources are available to clinicians. Subjective sleep assessments 

readily performed by staff are prone to observer bias and are inaccurate, with staff over-

estimating TST compared with PSG (Aurell & Elmqvist, 1985), as they fail to capture the 

extent of sleep fragmentation experienced, making them a poor proxy for sleep assessment. 

Further, patients’ self-reported sleep quality is perceived as subjective, and lacks validity as 

they may be influenced by misperception of time, and fails to reflect the physiological 

experience (Friese et al., 2007). 

1.2 Linkage 

Hospital environments are the institutions of healthcare, with healing being the core 

aim. Holistic care and the commentary around its associated concepts have been widely 

espoused; however, this approach needs to encompass health and embrace wellbeing, in 

which sleep is a critical component. Subsequently, hospitals need to devise strategies that 

deliver both aspects concurrently. Healthcare organisations have developed strategies that 

facilitate a wide range of healthcare and wellbeing needs, inclusive of advanced medical 

treatments and interventions, drug and alcohol programs, and breastfeeding and lactation 

support; however, they have grappled with the ability to support the primary biological need 

for sleep. 

Although complex physiological and psychological interventions have been devised 

to support many aspects of health and wellbeing, the ability to address the fundamental 

physiological need for sleep has been a struggle in providing patients with an environment 

that permits sleep and methods that allow clinicians to accurately monitor sleep. 

Quality of sleep is an important concept in the research of patient sleep and is 

primarily determined by the individual’s subjective feelings of being refreshed, active and 
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prepared for the day ahead (Dogan et al., 2005). Sleep is critical in the recovery from acute 

illness, with studies indicating an increased need for sleep due to neuro-immune interactions 

that endeavour to optimise our immune response to illness and injury (Dunwell, 1995; 

Humphries, 2008; Imeri & Opp, 2009). However, the hospital environment is often 

unfavourable in its ability to support sleep because of a myriad of factors, including noise, 

clinical activity, and design characteristics, whereby patients frequently experience sleep 

disturbance throughout their hospital admission, which may perpetuate post-discharge 

(Dobing et al., 2016; Gellerstedt et al., 2014). 

The research relating to sleep disturbance in the hospital setting has primarily been 

conducted within America and Europe, with limited studies conducted in the Australian 

setting to identify the factors that affect patient sleep. As a result, understanding of how the 

Australian healthcare context may influence patient sleep has not been fully elucidated. The 

publication ‘“They Can Rest at Home”: An Observational Study of Patients’ Quality of Sleep 

in an Australian Hospital’ highlights the issues patients encounter regarding sleep in an 

Australian hospital setting. Emerging from this research are a number of challenges that need 

to be addressed to support sleep and recognise its important contribution to patients’ overall 

recovery. 

1.3 ‘“They Can Rest at Home”: An Observational Study of Patients’ 

Quality of Sleep in an Australian Hospital’ 

The following presents the findings of a study conducted to explore the sleep quality 

of patients cared for in the Canberra Hospital, published 5 July 2018 in the journal BMC 

Health Services Research (https://doi.org/10.1186/s12913-018-3201-z), including text, tables 

and references. 
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1.4 Transition 

Patients’ reported sleep experience in the hospital setting is poor, and the contributing 

factors to poor quality of sleep are primarily related to noise generated by human activities. 

Noise is perceived as an unwanted acoustic phenomenon whose characteristics may adversely 

affect individuals both physiologically and psychologically (Seidman & Standring, 2010). 

Functionally, the noise levels reported are reflective of those generated by normal 

conversation (50–60 dB) and are sufficient to produce noise annoyance and stress (Short et 

al., 2011). Although the World Health Organization (WHO) provides recommendations 

pertaining to noise levels in the hospital setting, these are infrequently implemented and have 

not been reported to be achieved in contemporary research. 

Noise levels in the clinical setting have been reported to be consistently increasing 

since the 1960s at an average of 0.38 (dB A) over the daytime per year  and 0.42 (dB A) 

overnight per year, with limited assertive action to curtail their impact (Busch-Vishniac et al., 

2005). This is significant in the context of sleep, as each 10 dB elevation in recorded sound 

produces an approximate doubling of perceived sound (Grumet, 1993). In addition, the 

capacity to tolerate noise levels is deemed to be reduced in a person who is suffering illness 

compared with that of a healthy individual (Hilton, 1985) and may negatively affect their 

ability to sleep and remain asleep, and their quality of sleep. There is a lack of awareness 

among clinical staff regarding the significant impact that their routine behaviours and 

activities have in the soundscape of the clinical setting, and as a result, much of the research 

targeting noise levels has focused on behavioural modifications to abate environmental noise. 

Patients frequently report noise levels as a sleep disturbing factor; however, staff 

responsiveness to this, and perceptions around the importance of the role of sleep as a 

component of recovery, appear mixed. This may be related to limited knowledge and 

awareness regarding the important role sleep plays in supporting both physiological and 
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psychological recovery (Alkadhi et al., 2013; Gellerstedt et al., 2019; McIntosh & 

MacMillan, 2009). Education relating to sleep in healthcare is infrequently and inadequately 

addressed in both undergraduate and postgraduate curricula (Gellerstedt et al., 2019; 

Meaklim et al., 2020). In a recent Australian and New Zealand study, the extent to which 

sleep education was integrated into medical education was reported to be approximately 2.5 

hours across 4 years of education (Meaklim et al., 2020). In the absence of adequate clinical 

knowledge and the ability to effectively monitor sleep, sleep is easily overlooked and 

deprioritised as an essential aspect in the patient’s overall care. Sleep is readily jeopardised in 

preference for clinical activities, with several researchers alluding to the adverse impact of 

clinical cultures that value frequent clinical interactions delivered at the expense of sleep as a 

proxy indicator of high-quality nursing care (Goodemote, 1985; Haddock, 1994; Webster & 

Thompson, 1986). In the absence of a shift in awareness of the important physiological 

processes that occur during sleep, changes to the clinical environment may be challenging to 

instigate because of entrenched cultures. 

Emerging from this study are the unique challenges that are encountered within the 

intensive care setting and the need to balance the frequency of observations and interventions 

with a need for sleep to aid recovery. These appear to be different to those experienced by 

patients cared for in the general ward environment because of the degree of monitoring, 

clinical interaction, severity of illness and pharmacological agents administered to patients. 

Clinical practices and the environment obfuscates the traditional day/night environment and 

the clinicians ability to distinguish sleep from a wakeful state. Sleep disturbance among ICU 

patients is reported to be linked to a variety of adverse effects that may hamper recovery and 

increase hospital length of stay, with delirium being a primary concern (Beltrami et al., 2015; 

Salas & Gamaldo, 2008; Sato et al., 2017; Shi et al., 2012). The disruptive nature of the ICU 

environment is not conducive to sleep, and is exacerbated by the concurrent limitation in 
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recognition of the psycho-physiological importance of sleep in the context of patient 

recovery. 

As a vulnerable patient population, who lack autonomy and control over their 

environment, they are exponentially exposed to high levels of noise within the ICU 

environment with restricted diurnal variation. Identified within the study were the high levels 

of noise generated within the ICU, which exceed the recommendations provided by the 

WHO, with noise being a primary factor in the sleep disturbance experienced by patients. 

This provided the impetus to further explore the soundscape of the ICU and to identify the 

sound characteristics of an Australian ICU. In this study, noise levels within the ICU were 

compared to the recommendations provided by the WHO; further expanding of previous 

research reporting the soundscape of the ICU, this study reported on the variability of noise 

levels and the extent to which sound pressures were increased within the clinical 

environment. Limited research has been conducted within the Australian context reporting on 

noise levels within the ICU, and this study contributed to the body of knowledge 

domestically and internationally pertaining to the noise levels generated within this clinical 

context. 

1.5 ‘The Nocturnal Acoustical Intensity of the Intensive Care 

Environment: An Observational Study’ 

The following presents the research findings related to the soundscape of the intensive 

care environment, published 11 July 2017 in the Journal of Intensive Care 

(https://doi.org/10.1186/s40560-017-0237-9). The presented content includes text, tables and 

references. 
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1.6 Chapter Summary 

The findings presented in Chapter 1 highlight the challenges encountered by patients 

admitted to general wards and the ICU, more specifically in attempting to sleep. The reported 

findings suggest an incongruence between clinical staff perceptions of sleep and the psycho-

pathophysiological benefits of sleep for patients. Omissions in knowledge pertaining to the 

important physiological processes that occur during sleep have been previously reported 

within the research (Gellerstedt et al., 2019; Huang et al., 2018; Radtke et al., 2014). 

Subsequently, enhancing clinical knowledge and empowering nursing staff to champion 

sleep-promoting activities within the clinical environment are critical in promoting sleep as a 

priority component in the overall care of patients. As the healthcare professionals who are 

closest in the proximity of patient care, nurses can be potentially instrumental in addressing 

sleep disturbance within the clinical environment and promote interventions that provide an 

advantageous environment for sleep. 

The perception that there is little that can be undertaken to improve sleep and the 

ability to rationalise or alter workflow to reduce sleep disturbance cannot be achieved needs 

to be challenged to illicit future change. Research highlights the conflict that nurses encounter 

when providing care between the need to monitor vital signs and waking patients and the 

ability to identify non-priority tasks that could be reduced overnight to improve sleep (Hope 

et al., 2018). The need to provide clinical care, particularly nocturnal assessment of vital 

signs, which frequently contributes to patient awakening, requires some judicious assessment. 

Stratifying patients to identify those who could have a reduction in nocturnal disturbance 

(e.g. nil vital signs documentation and medication administration overnight) has been found 

to produce a 50% reduction in the administration of sedatives among low-risk patients 

(Bartick et al., 2010; Tan et al., 2019). The emergence of wearable technology may also 

provide some clinical benefit, not only in reducing sleep disturbance associated with clinical 
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activities (such as vital sign monitoring) but also in facilitating the ability to monitor and 

evaluate sleep quality throughout a patient’s admission (Delaney et al., 2021; Weenk et al., 

2017). 

The findings reported reiterate those of past research, which suggest that behavioural 

factors are a leading contributor to increased noise and are perceived by patients to be the 

primary stressor leading to their sleep disturbance (Kahn et al., 1998; Konkani et al., 2014; 

Luetz et al., 2016; Simons et al., 2018). Workflow organisation and potentially clinical design 

also contribute to the exacerbation of these factors. In the absence of assertive changes and 

amendments to the clinical environment, patients will remain vulnerable to sleep disturbance 

because of the dynamic state of the ICU. This cohort of patients are of particular interest as 

they often experience complex healthcare needs, have increased hospital lengths of stay, and 

are subjected to potential secondary complications related to their admission. While the 

environment presents as unfavourable to acquire quality sleep, the ability to accurately assess 

sleep is problematic and inadequately addressed. In the absence of a feasible objective 

method, sleep will likely remain poorly considered and inadequately addressed in the context 

of critical care. 

The following chapter discusses the literature regarding the physiological basis for 

sleep and the accompanying neurobiological impact sleep disturbance potentially has on 

patients cared for in the ICU. Recognition of the diverse adverse consequences attributed to 

sleep disturbance is not commonly acknowledged. A lack of situational awareness by staff 

may result in omissions in the accurate identification of sleep disturbance. Presently, sleep is 

inconsistently and haphazardly monitored in the ICU and does not form an integral 

component of the clinical care of patients. Rather, clinical considerations associated with 

sleep disturbance frequently arise once the manifestations of sleep deprivation become 

clinically evident, resulting in reactive management strategies rather than preventative and a 
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propensity to seek pharmacological interventions (NSW Therapeutic Advisory Group Inc, 

2021). Predominantly, the role of sleep in the clinical management of patients is deprioritised 

and viewed as a passive state that can be readily disrupted to meet clinicians’ needs, rather 

than the patient’s needs. 
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Chapter 2: Psychological and Physiological Repercussions of 

Sleep Disturbance 

Sleep is the only medication that gives ease (Sophocles) 

2.1 Introduction 

The inability of patients to achieve quality sleep has been attributed to a multitude of 

psycho-physiological complications, which can adversely affect the patients’ recovery. 

Intensive care patients are vulnerable to sleep disturbances, resulting in qualitative sleep 

deprivation (Freedman et al., 2001; Friese et al., 2007; Gabor et al., 2003), manifesting as a 

reduction in REM and SWS (Freedman et al., 2001; Richards & Bairnsfather, 1988), and 

contributing to a constellation of symptoms that result in difficulty with sleep initiation, 

fragmentation, early morning awakenings, and decreased TST (Friese et al., 2007). 

Physiologically, sleep deprivation can detrimentally affect the immune response 

(Honkus, 2003; Vgontzas et al., 2004; Wysocki, 1996), contribute to cardio-metabolic 

changes (Knutson et al., 2007; Doraciak, 1990), and heighten pain sensitivity (Alvarez & 

Ayas, 2004). The psychological impact of sleep deprivation manifests as lethargy, irritability, 

confusion and delusions, along with decreased motivation and willingness to engage in 

activities that endeavour to expedite recovery, such as mobilisation and chest physiotherapy 

(Mathias & Alvaro, 2012). 

A lack of nocturnal sleep contributes to daytime somnolence, which both patients and 

nursing staff have reported. Anecdotal reports are supported by PSG studies that indicate that 

between 40% and 50% of patients’ sleep is acquired during daylight hours (Aurell & 

Elmqvist, 1985; Bihari et al., 2012; Freedman et al., 2001; Gabor et al., 2003), with sleep 

quality failing to improve over the course of the ICU admission. Orwelius and colleagues 
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(2008) reported that 38% of patients within medical–surgical ICUs experienced difficulty 

falling asleep, with a further 61% reporting a greater requirement for sleep secondary to 

illness. Biophysiological studies involving PSG monitoring report the presence of atypical 

sleep architecture, with a notable reduction of SWS and REM sleep, which contributes to 

phase-shifting in an individual’s circadian rhythm (Aurell & Elmqvist, 1985; Boyko et al., 

2012; Delaney et al., 2021; Elliott et al., 2013; Freedman et al., 2001; Freedman et al., 1999; 

Prajapat et al., 2021; Watson et al., 2013). Management strategies typically focus on 

pharmacological interventions, such as administering of sedatives, anti-anxiolytics and 

supplementation of endogenous hormones such as melatonin. The net effect of sleep 

disturbance is that it contributes to increased hospital length of stay, and incidences of 

delirium and falls (Ely et al., 2001; Hansell, 1984; Kollef et al., 1998), with sleep disturbance 

being perpetuated for months after discharge from the ICU (Kelly & McKinley, 2010). 

2.2 Chronobiology of Sleep 

Circadian mechanisms are intrinsic rhythms that facilitate physiological, biochemical 

and behavioural processes, and revolve around a 24-hour period (Gumz, 2016). They are 

critical regulatory mechanisms for hormones such as corticosteroids and melatonin, as well as 

immunological function and the regulation of cytokines (Bollinger et al., 2010). Circadian 

patterns of patients, in particular, the sleep–wake cycle, are adversely affected by the 

intensive care environment because of the lack of diurnal variation and critical illness, which 

may have serious implications for the functional recovery outcomes of patients (Arendt, 

2000; Hu et al., 2010; Olofsson et al., 2004). 

Sleep disturbance is recognised as an issue in the ICU patient population, with 

emerging research suggesting that it may be a contributing factor in the onset of delirium (Ely 

et al., 2001; Van Rompaey et al., 2009; Zaal et al., 2013). The neurobiology of sleep suggests 

that sleep disturbance impedes the clearance of the degraded by-products of neural activity 
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(Xie et al., 2013) as sleep appears to be integral in synaptic and cellular homeostasis to 

facilitate memory consolidation and integration (Tononi & Cirelli, 2014). Physiologically, 

sleep disturbances adversely affect the cardio-respiratory system and the hypothalamus–

pituitary–adrenal axis (Buckley & Schatzberg, 2005; Delaney et al., 2015; Kamdar et al., 

2012; Matthews, 2011; Redeker et al., 2004). Sleep disturbance may have serious 

implications for ICU patients, such as the onset of delirium and mortality rates, with Evans 

and French (1995) reporting an increase among patients who experience sleep disturbance as 

a component of their ICU admission. 

Sleep is an important component in a patient’s recovery from acute illness, and is 

defined as a ‘reversible behavioral state of perceptual disengagement from, and 

unresponsiveness to the environment’ (Kryger et al., 2005, p.13). Physiologically, it is 

characterised by an amalgam of physiologic and behavioural processes that are perceived as 

indicators of sleep, such as closed eyes, behavioural quiescence and reclined posture 

(Carskadon & Dement, 2011). Neurologically, sleep reduces the activity of the reticular 

activating system, which induces the loss of awareness and responsiveness to external 

environmental stimuli (Tortora & Derrickson, 2008). 

2.3 Neurobiology of Sleep Regulation 

The endogenous rhythm of sleep is modulated by neuroendocrine signals, which are 

regulated by the circadian clock (Billings & Watson., 2015). The suprachiasmatic nucleus 

(SCN) located within the hypothalamus acts as the regulatory mechanism of circadian 

patterns, promoting arousal during the day (Fisk et al., 2018). Conversely, sleep is controlled 

by the ventrolateral preoptic nucleus (VLPO) situated in the anterior hypothalamus (Murillo-

Rodriguez et al., 2009). Nuclei located within this area have been associated with non-REM 

sleep, and those located dorsally and medially to the VLPO are linked to REM sleep (Lu et 

al., 2002; Lu et al., 2000). While the SCN plays an essential role in the timing of sleep and 
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wakefulness, it also contributes to the regulation of several circadian processes such as 

cortisol and melatonin regulation, and core body temperature (Hastings et al., 2008). 

There exist 10 known circadian regulatory genes involved in the initiation and 

regulation of the sleep–wake cycle (Xie et al., 2019). Specifically, the circadian locomotor 

output cycles kaput (CLOCK) and the brain muscle aryl hydrocarbon receptor nuclear 

translocator-like 1 (BMAL1) are associated with the length of the circadian cycle (Chan et al., 

2012). The maintenance of the oscillatory pattern occurs via a negative feedback loop and 

aids the SCN (master clock) in coordinating the circadian rhythms (Dijk & Archer, 2010). 

Sleep regulation is coordinated by two primary mechanisms involved in the sleep process—

the homeostatic and circadian (Schwartz & Roth, 2008). The homeostatic mechanism 

regulates sleep pressure (the need for sleep) and endeavours to achieve a set duration of sleep 

in relation to an individual’s sleep–wake cycle (Reichert et al., 2014). Under the homeostatic 

mechanism, sleep deprivation contributes to a phenomenon known as sleep rebound 

(Vyazovskiy, 2015), which provides an adjustment to compensate for sleep loss by increasing 

the duration and intensity of recovery sleep, and is comprised of a greater duration of REM 

sleep. Disruption of the endogenous circadian control or misalignment between the circadian 

rhythm and the external 24-hour environment can lead to phase-shifting, which can have 

adverse consequences on sleep and the functional capacity of individuals (Young & Bray, 

2007; Zhu & Zee, 2012). Patients cared for in the ICU environment are susceptible to altered 

homeostatic mechanisms due to the atypical sleep physiology and disruptive nature of the 

clinical environment. 

The entrainment of the circadian pacemaker to the environment geophysical time is 

achieved via photoperiodic information regarding day and night, relayed by the optic nerve to 

the SCN (Lack & Wright, 2007) and zeitgebers (social cues) such as meals. Both of these 

regulatory mechanisms are altered in critical illness as patients cared for in the ICU have 
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limited exposure to natural light and, in turn, have prolonged exposure to artificial light 

during the day and night, while enteral nutrition is frequently provided over a 24-hour 

continuum (Berry, 2012). Disturbances in circadian synchrony contribute to delayed initiation 

of sleep, and increased sleep fragmentation and early morning arousals, which may contribute 

to delays in recovery and the onset of delirium (Waterhouse et al., 1993). 

2.4 Linkage 

Sleep disturbance contributes to a number of pervasive psycho-physiological effects 

that may have detrimental effects on ICU patients. The body, during sleep, undergoes an 

array of physiological changes that aid in maintaining homeostasis. In the ICU, physiological 

status can fluctuate, resulting in altered haemodynamics, modulation of the immune response 

and neuroendocrine function, which can be further compounded by sleep disturbance. The 

following publication presents an overview of sleep architecture, and the psycho-

physiological impact sleep disturbance has on patients cared for in the ICU, highlighting the 

need to critically consider sleep a fundamental component of overall care. 

2.5 ‘Sleeping on a Problem: The Impact of Sleep Disturbance on Intensive 

Care Patients—A Clinical Review’ 

The following presents a review of the research regarding the physiological and 

psychological implications of sleep disturbance among intensive care patients, published 26 

February 2015 in the Annals of Intensive Care (https://dx.doi.org/10.1186%2Fs13613-015-

0043-2), including text, tables and references. 
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2.6 Linkage 

Sleep supports important neurophysiology functions essential to maintain normal 

physiological functioning and overall wellbeing of individuals. The research reports the 

constellation of adverse physiological and psychological effects linked to sleep disturbance 

that may contribute to increased susceptibility to complications and prolonged ICU admission 

and hospital length of stay. Although the extent to which sleep disturbance contributes to 

these complications has not been fully understood, in part because of a lack of feasible sleep 

monitoring methods and broader recognition of its potential adverse health consequences, 

sleep disturbance is thought to be a contributor to the onset of delirium. Comparatively, the 

impact of delirium on patient outcome is better understood and is recognised as a significant 

prognostic indicator of patient outcomes. 

While our understanding of sleep is not fully elucidated in terms of its prognostic 

impact, research into delirium has garnered considerable attention and increased awareness of 

the impact it has on patient morbidity and mortality. Although the relationship between sleep 

disturbance and delirium is not fully understood, research suggests there may be an ascribed 

shared mechanism, on the basis of neurobiological changes that occur because of both sleep 

disturbance and delirium. Sleep disturbance is frequently under-reported and poorly 

considered in the context of patient care, while comparatively delirium has established 

assessment approaches and is more frequently considered in the overall context of patient 

care. The following publication discusses the reciprocal relationship between sleep and 

delirium, and addresses the neurobiological characteristics presenting the impact of delirium 

on patient outcomes, along with clinical care considerations that may be implemented to 

reduce the impacts of sleep disturbance and delirium among patients. 



 

44 

2.7 ‘The Nexus Between Sleep Disturbance and Delirium Among Intensive 

Care Patients’ 

The following presents a review of the research regarding the relationship between 

sleep and delirium from a neurobiological position and their impact on patient outcomes, 

published June 2021 (http://dx.doi.org/10.1016/j.cnc2021.01.001), including text, tables and 

references. 
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2.8 Chapter Summary and Linkage 

Sleep is fundamental to survival and the maintenance of physiological homeostasis. 

Research reports a constellation of adverse physiological and psychological effects linked to 

sleep disturbance that may unwittingly contribute to patients’ increased susceptibility to 

complications and contribute to a prolonged ICU and hospital length of stay. The research 

suggests that the sleep disturbance experienced by ICU patients is profound and needs to be 

addressed to optimise patient recovery and rehabilitation from critical illness. 

Data obtained from the Australian New Zealand Intensive Care Society (ANZICS) 

Centre for Outcome and Resource Evaluation (CORE) report (2020) indicates that 95% of 

patients admitted to the ICU survive and are in turn discharged to clinical wards and 

rehabilitation units for ongoing care. The demand for rehabilitation services from ICU has 

increased threefold in recent years. This highlights the need to increase awareness of clinical 

care components related to patients’ ongoing recovery and overall quality of life. Sleep is 

viewed as one of the three pillars of health, alongside diet and exercise (Vitale et al., 2019), 

and forms a central component in patient recovery. As a result, greater attention to its status is 

required within the ICU context. A primary barrier to understanding the impact and level of 

sleep disturbance experience by this patient population is the lack of feasible methods 

available for monitoring sleep. In current practice, sleep assessments are infrequently 

performed, and when undertaken, they are via informal methods such as ad hoc nursing 

observations and documentation. This, in part, is likely to be attributed to the lack of methods 

available to clinicians to accurately monitor and assess sleep. The challenges encountered 

with sleep monitoring within the ICU are addressed in the following chapter (Chapter 3). 
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Chapter 3: Sleep Monitoring in Intensive Care 

3.1 Introduction and Linkage 

Sleep’s important contribution to an individual’s recovery needs to be clinically 

recognised and acknowledged. In turn, devising methods that permit the early recognition of 

potential sleep dysfunction are essential to support timely interventions, evaluate their impact 

objectively with the view to expediting recovery, and minimise complications associated with 

sleep deprivation. However, the capacity to achieve these objectives has been hampered by 

the limited ability to accurately monitor sleep within the ICU environment as monitoring 

devices such as PSG are unable to be widely implemented because of their technical 

requirements (Beecroft et al., 2008; Cooper et al., 2000; Freedman et al., 2001; Gabor et al., 

2003). In addition, observations made by staff are widely considered inaccurate (Aurell & 

Elmqvist, 1985; Beecroft et al., 2008; Weinhouse & Schwab, 2006). The evolution of 

wearable technologies has brought emerging surrogate measures of sleep, such as actigraphy 

(ACTG) based on motion accelerometer monitoring, and may provide clinicians with a 

feasible sleep monitoring technique. ACTG, in the context of sleep medicine, is employed as 

a diagnostic tool that has been validated in a variety of clinical settings (Kushida et al., 2001; 

Sadeh et al., 1995); however, the accuracy of this device has not been determined in the 

context of the ICU. 

3.2 ‘Sleep Monitoring Techniques in Intensive Care’ 

The following presents a review of the research regarding the physiological and 

psychological implications of sleep disturbance among intensive care patients, published 5 

February 2015 (http://dx.doi.org/10.15344/2394-4978/2015/114), including text, tables and 

references, and excluding the title page. 



 

64 

 



 

65 

 



 

66 

 



 

67 

 



 

68 

 



 

69 

 

3.3 Research Aims and Objectives 

The identified gap in the ability to monitor sleep and the emergence of novel 

approaches provide an opportunity to explore their potential application in the ICU setting. 



 

70 

The evolution of ICU practices that have resulted in the reduction in sedation administration 

(Page & McKenzie, 2021; Wiatrowski et al., 2016) and interventional approaches that 

potentially reduce the need for mechanical ventilation (ANZICS CORE, 2019) gives rise to 

the potential application of sleep monitoring via motion accelerometers. The need to maintain 

sleep homeostasis to support recovery and the concepts of humanisation and patient-centred 

care, highlight the need to consider sleep in the context of individualised patient care (Heras 

La Calle et al., 2017). Humanisation and patient-centred approaches in the context of 

intensive care patients emphasise the need to consider the individual in their entirety and shift 

the emphasis and focus on treatment interventions to consider individualised needs and 

responses to experience and treatments (de la Fuente-Martos et al., 2018; Heras La Calle et 

al., 2017). The tenets of this approach to care also extend to the impact of the clinical 

environment and how it may positively or negatively affect an individual. As mortality rates 

within the ICU decrease, there is an increasing need to recognise the impact an ICU 

admission may have on the patient’s overall recovery, with sleep playing an integral role in 

the recovery process. 

3.3.1 Aims 

The study employed a within-subject study design to compare the accuracy 

(sensitivity and reliability) of ACTG in monitoring total sleep time and sleep fragmentation 

against PSG and subjective behavioural assessments, nursing observations and patient self-

reports. The research protocol (Chapter 4) was formally recorded within the Australian 

Clinical Trials Registry (ACTRN12615000945527; Pre-results), and the study protocol was 

formally developed and published. 

The secondary aim of the study was to identify and quantify the impact of 

environmental factors including noise, light, temperature and clinical care on patients’ sleep. 
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3.3.2 Objectives 

This research aimed to: 

11. determine the prevalence of adverse environmental stimuli on patient sleep; 

12. determine the sleep quality of patients admitted to ICU; 

13. assess the accuracy of subjective nursing assessments of patients’ sleep; and 

14. evaluate the sleep architecture of patients admitted to the ICU. 

3.4 Chapter Summary 

Patients cared for in the ICU are vulnerable to sleep disturbance because of a panoply 

of intrinsic and extrinsic factors. The impact that sleep deprivation has on those surviving 

critical illness can be profound. Consequently, there exists a need to investigate strategies that 

enable clinicians to accurately monitor patients that are feasible for widespread 

implementation. Studies have typically identified noise as a major factor for sleep disturbance 

and amenable to behaviour modification (Aaron et al., 1996; Delaney et al., 2019; Freedman 

et al., 2001; Gabor et al., 2003; Simons et al., 2018). As a result, behaviour modification has 

been a significant focus of altering the ICU environment to improve patients’ ability to sleep 

(Aparício & Panin, 2020; Kamdar et al., 2020; Ifitkhar et al., 2019). Although these studies 

have reported some levels of success in reducing noise, many studies omit to integrate 

environmental noise monitoring and formalised sleep assessment to quantify the effects of the 

interventions. 

This proposed study builds upon previous research that investigated the impact of 

environmental factors on sleep within the ICU and permits the observation of numerous 

factors that may disrupt patients’ sleep through PSG. Few studies have been undertaken 

within the ICU patient population investigating the utility of ACTG in monitoring patient 

sleep compared with PSG. As sedation levels in ICU are reduced in the effort to avoid 

delayed extubation, it becomes increasingly important to ensure patients are provided with an 
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environment that permits adequate sleep to facilitate their recovery and rehabilitation. 

Complications associated with sleep deprivation, such as delirium, can prolong patients’ 

recovery and contribute to permanent neurological decline (Cole et al., 2015; Sato et al., 

2017; Shi et al., 2012). Therefore, efforts need to be undertaken to promote the basic need for 

sleep and identify a method to monitor sleep within the ICU. The research investigating sleep 

in the ICU environment predominantly emanates from Northern America and Europe, with 

limited studies conducted within Australian ICUs. Further, many of these studies have 

involved small participant numbers and homogeneous patient populations. These factors, 

combined with limited research investigating the potential application of motion 

accelerometers, suggest that there is a need for a large study involving a heterogeneous 

patient population, in addition to characterising sleep and sleep-disturbing factors within 

Australia ICUs. 
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Chapter 4: Study Protocol 

4.1 Introduction and Linkage 

The research design employed for this study was an observational evaluative design, 

which endeavoured to identify the feasibility of implementing novel sleep monitoring 

techniques within the ICU to facilitate and improve the clinical care of patients. The central 

purpose of this design and the study is to improve clinical practice and enhance our 

understanding of sleep disturbance that patients are subjected to when admitted to the ICU. 

In this observational study, there was no manipulation of the independent variable 

(sleep), with no random assignment of participants. The study included a within-subjects 

monitoring approach to concurrently monitor patients’ sleep with ACTG and PSG, in 

conjunction with a subjective behavioural assessment of sleep to ascertain the accuracy of the 

assessment methods in identifying sleep fragmentation, TST and sleep latency. 

Environmental monitoring of sound, light, and aspects of clinical care was undertaken to 

ascertain their effect on patients’ sleep. Details of the study protocol are outlined in the below 

publication title: ‘A Prospective Study Investigating the Application of Motion 

Accelerometers as a Sleep Monitoring Technique and the Clinical Burden of the Intensive 

Care Environment on Sleep Quality: Study Protocol’. 

4.2  ‘Investigating the Application of Motion Accelerometers as a Sleep 

Monitoring Technique and the Clinical Burden of the Intensive Care 

Environment on Sleep Quality: Study Protocol for a Prospective 

Observational Study in Australia’ 

The following presents the study protocol and process applied to undertake the research study 

and was published 24 November 2017 in the British Journal of Medicine Open 

(doi:10.1136/bmjopen-2017-019704), including text, tables references.  
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4.3 Chapter Linkage 

This chapter presented the research method employed for the study to investigate the 

feasibility and accuracy of sleep monitoring methods. The clinical rationale and explanation 
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of the monitoring processes are detailed, inclusive of the planned statistical analysis. The 

following chapters (5, 6 and 7) present the findings of the study. 
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Chapter 5: Feasibility of Sleep Monitoring Approaches in 

Intensive Care Patients 

5.1 Introduction 

This chapter presents the findings associated with the feasibility of a novel sleep 

monitoring approach within the Intensive care setting. The study, ‘The Feasibility and 

Reliability of Actigraphy to Monitor Sleep in Intensive Care Patients: An Observational 

Study’, seeks to explore the application of motion accelerometers as a potential surrogate 

assessment of sleep in the ICU, which is minimally invasive and easy to implement. 

Presently, viable objective measures that are both feasible and reliable are lacking to monitor 

and evaluate sleep in the ICU environment. Therefore, exploring novel and emerging 

approaches that may provide a surrogate measure of sleep is required to understand and 

quantify the extent of sleep disturbance and response to treatment interventions to guide 

clinicians in their assessment of sleep disturbance. 

5.2 ‘The Feasibility and Reliability of Actigraphy to Monitor Sleep in 

Intensive Care Patients: An Observational Study’ 

The following presents the study protocol and process applied to undertake the 

research study and was published 29 January 2021 in Critical Care 

(https://doi.org/10.1186/s13054-020-03447-8), including text, tables and references.  
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5.3 Chapter Linkage 

The application of motion accelerometers presents a potential monitoring approach 

that may be viable for implementation in the ICU. It provides a feasible and minimally 

invasive method that is uncomplicated for clinicians. The study highlights the potential for 
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this monitoring approach among non-ventilated patients cared for in the ICU. The following 

chapter presents the findings related to the nocturnal monitoring (22:00 – 07:00 hours) of 

sleep among conscious ICU patients. Conscious patients make up a large percentage of ICU 

admissions and are particularly susceptible to sleep disturbances due to extrinsic factors. The 

following chapter integrates the reported sleep experience of patients cared for in the ICU. 
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Chapter 6: Sleep Among Conscious Intensive Care Patients 

6.1 Introduction 

The paradigm shift towards lighter sedation of patients has resulted in a change of 

practice that aims to reduce the duration of mechanical ventilation and hospital length of stay, 

resulting in an increased number of conscious ICU patients (Heffner, 2000; Vincent et al., 

2016). This, combined with a reduced need for mechanical ventilation secondary to early 

identification of patients needing specialist support and evolving approaches to ventilatory 

support, such as high-flow nasal prongs (Ni et al., 2018; Sztrymf et al., 2012), non-invasive 

ventilation (Scala & Pisani, 2018) and advancing mechanical ventilation modalities, has 

contributed to a changing demographic profile of patients cared for in the ICU. Increased 

consciousness may result in increased vulnerability to sleep disturbance because of their 

cognitive awareness, increased interactivity with the clinical environment, and frequently 

cared for bed spaces in which multiple patients are cared for with variable clinical acuity. 

Importantly, these patients have an increased capacity to communicate their experiences and 

issues related to poor quality and quantity of sleep, providing valuable insights into 

potentially addressing sleep disturbance in the ICU. 

6.2 ‘The Accuracy of Simple, Feasible Alternatives to Polysomnography for 

Assessing Sleep in Intensive Care: An Observational Study’ 

The following presents the research findings regarding the sleep experience of 

conscious ICU patients and the feasibility of ACTG as a surrogate measure of sleep, 

published 8 March 2022 in Australian Critical Care 

(http://doi.org/10.1016/j.aucc.2022.02.004), including text, tables, figures and references. 
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6.3 Conclusion and Linkage 

Despite decades of research attesting to the poor sleep experience of intensive care 

patients, little appears to have been accomplished to improve this basic physiological need. 

Patients cared for continue to report poor quality of sleep; however, their ability to quantify 

the specific attributes of their sleep profile is not consistent with that reported via 

biophysiological monitoring. The findings indicate that patients are inaccurate in their reports 

of TST, which may be related to the frequency and duration of awakenings. Fontaine (1989) 

suggests that when awakening extends beyond 4 minutes, patients significantly underestimate 

their sleep duration. This, combined with the limited clinical impact of reported sleep 

assessment documented by nursing staff, highlights the need to identify physiological sleep 

monitoring methods that may provide data that can be more reliably acted upon. Sleep 

monitoring via surrogate measures, such as ACTG, provides clinicians with necessary 

information regarding the sleep characteristics of patients and beneficially can be easily 

implemented, interpreted, and used for a sustained duration. These are important 

considerations in the ICU environment as patients are often subjected to a range of 

monitoring procedures that can be uncomfortable and invasive. As a result, devising 

approaches to monitoring sleep that minimise potential discomfort and do not contribute to 

further sleep disturbance is a critical consideration. Clinical interpretation of data provided by 

ACTG is uncomplicated and visually decipherable, along with quantifiable data reporting the 

extent of sleep disturbance, circadian patterns and duration of sleep, without the development 

of further extended clinical expertise. While PSG will remain the gold standard, it is 

cumbersome for widespread clinical implementation compared with ACTG, which is 

minimally invasive. ACTG appears to be a monitoring technique that provides a monitoring 

approach that produces data reflective of PSG for TST and fragmentation. 
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Sleep is an individualised and highly subjective experience, and this should not be 

discounted in the broader exploration and understanding of sleep disturbance. Understanding 

the factors that contribute to sleep disturbance as experienced by patients provides critical 

insights into the clinical components that may need to be addressed in providing care. While 

external factors are widely identified as contributing to sleep disturbance, the ability to curtail 

these has been challenging. Chapter 7 presents the findings related to patients’ perceived 

quality of sleep and factors that contribute to poor quality of sleep in the ICU. 
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Chapter 7: Patient-Reported Experience of Sleep in Intensive 

Care 

7.1 Introduction 

Sleep quality is often considered an important parameter in the assessment of sleep 

among patients. The concept of sleep quality can be influenced by the subjective experience 

of sleep reported by individuals, with research indicating that perceived sleep quality may not 

be aligned to biophysiological data (Delaney et al., 2022); that is, studies employing 

concurrent PSG monitoring and patient self-reported sleep assessment have been 

demonstrated to be incongruent with each other (Beecroft et al., 2008; Delaney et al., 2022; 

Gabor et al., 2003). Nonetheless, in the ICU setting, patients consistently report poor quality 

of sleep, which they attribute to the clinical environment. Understanding and identifying the 

factors that patients report as adversely affecting sleep provide clinicians with important 

information on which to base organisational change and to support the development of 

guidelines and procedures to support sleep in the clinical environment. 

7.2 ‘Intensive Care Patients’ Quality of Sleep and Identification of Sleep-

Disturbing Factors: An Observational Study’ 

The following presents the research findings related to patients’ experience of sleep in 

the ICU. The paper is authored by Lori J. Delaney, Edward Litton, Hsin-Chia Carol Huang, 

Violeta Lopez and Frank Van Haren. 

7.2.1 Abstract 

7.2.1.1 Aims and objectives 

This study aimed to explore the self-reported quality of sleep of intensive care 

patients and sleep-disturbing factors experienced by conscious patients cared for in the ICU. 
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7.2.1.2 Background 

Sleep is a fundamental physiological requirement. Intensive care patients experience 

considerable sleep disturbance characterised by atypical sleep architecture and high levels of 

fragmentation. Sleep disturbance is associated with several adverse effects that may affect 

patient recovery. Intensive care patients report that the clinical environment is a leading 

factor contributing to disrupted sleep and that the effects remain unabated. 

7.2.1.3 Research design 

Prospective observational study. 

7.2.1.4 Methods 

Conscious intensive care patients were recruited from a tertiary referral ICU to 

complete the Richards–Campbell Sleep Questionnaire (RCSQ) to evaluate quality of sleep 

while in intensive care. Participants were followed up post-discharge from intensive care and 

completed the Little Sleep Questionnaire (LSQ) to report their sleep experience in intensive 

care, their perceived sleep disturbing factors, and how their sleep has changed since discharge 

from intensive care. The study methods were compliant with the STROBE checklist. 

7.2.1.5 Results 

Patients (N = 37) reported poor quality of sleep, reduced sleep depth and increased 

awakening in the ICU. Sleep disturbing factors experienced in intensive care included noise, 

loud conversation, hunger and absence of family. Sleep was reportedly improved post-

discharge from intensive care because of a reduction in disturbance overnight. 

7.2.1.6 Conclusion 

Sleep disturbance is commonly experienced by patients cared for in intensive care, 

and the contributing factors leading to impaired quality of sleep are modifiable with 

improved awareness and clinical practices that recognise sleep as an essential component in 

overall patient care. 



 

112 

7.2.1.7 Relevance to practice 

Increased organisational and clinician awareness of the negative effect of sleep 

disturbance on patient recovery is required in order to operationalise interventions to improve 

sleep hygiene practices in intensive care. 

7.2.2 Introduction 

Sleep is considered essential for survival; however, its purpose remains debated. 

Research suggests sleep plays a significant role in supporting various physiological functions 

including immunological (Papaioannou et al., 2014), hormonal (DePietro et al., 2017) and 

memory consolidation (Pilcher & Huffcutt, 1996). As a result, it would appear logical that 

sleep should form a vital component of critically ill patients’ overall care and recovery. 

Sleep among intensive care patients is reported to be highly fragmented, with a 

propensity for increased N2 (light sleep) and reduced restorative sleep (SWS and REM sleep) 

(Boyko et al., 2012; Delaney et al., 2021), with patients reporting poor sleep quality and 

quantity frequently cited within the literature (Aitken et al., 2017, Menear et al., 2017). Sleep 

disturbance is identified as a significant physiological stressor by patients (Ding et al., 2017; 

Little et al., 2012; Novaes et al., 1999) and is attributed to reduced quality of sleep, frequent 

awakenings, and daytime somnolence (Kelly & McKinley, 2010; Orwelius et al., 2008). The 

adverse effects of sleep disturbance can manifest long after discharge from the ICU (Kelly & 

McKinley, 2010; Orwelius et al., 2008) and is linked to the onset of delirium and post-

traumatic stress disorder (Cox et al., 2017). 

The extent to which sleep disturbance affects patient outcomes remains indefinable. 

However, research reports various deleterious effects associated with reduced sleep quality, 

which may adversely affect patient recovery and quality of life (Orwelius et al., 2008; 

Caruana et al., 2018). The need for sleep among critically ill patients is increasingly 

recognised to support physiological healing (Knutson et al., 2007), neurohormonal responses 
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(Friese et al., 2009; Vgontzas et al., 2004) and emotional wellbeing (Alvarez & Ayas, 2004; 

Ding et al., 2017. However, the sleep disturbance experience by intensive care patients may 

predispose them to additional complications such as delirium, increased interventions and 

prolonged hospital length of stay. 

Sleep is a highly subjective experience, and perceptions of sleep quality vary between 

individuals, with incongruence reported between objectively measured sleep duration and 

patient-reported sleep (Delaney et al., 2022a). The reported factors that obfuscate sleep are 

primarily attributed to extrinsic factors within the clinical environment, such as noise. 

However, polysomnographic studies suggest that noise disturbance may only account for a 

small (11% to 20%) portion of sleep experienced by patients (Freedman et al., 2001; Gabor et 

al., 2003). Despite these findings, patients frequently report noise as the major factor leading 

to sleep disturbance, with reported noise sources being potentially modifiable. Addressing the 

factors that negatively affect sleep may concurrently benefit patients recovering from critical 

illness and reduce the incidences of delirium (Boyko et al., 2017; Kamdar et al., 2013; Litton 

et al., 2016). 

Exploring the sleep quality and sleep-disturbing factors experienced by patients is 

important for the advancement of clinicians’ and organisations’ understanding of factors that 

adversely affect sleep in order to develop future guidelines and practices to improve sleep in 

the clinical setting. This study aimed to explore the self-reported sleep quality of intensive 

care patients and identify sleep-disturbing factors experienced by conscious patients cared for 

in the ICU. 

7.2.3 Methods 

7.2.3.1 Study design and setting 

This observational study was conducted in a 39-bed open planned tertiary referral 

ICU providing adult critical care services inclusive of cardiothoracic, neurosurgical, trauma 
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and general ICU care, which admits over 2500 patients annually. At the time of the study, the 

ICU did not have a formalised sleep policy or guidelines, and sleep monitoring did not form a 

standard component of care. The Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) statement checklist was applied to guide the reporting of the study 

(Figure 1). 

7.2.3.2 Participants 

Participants were eligible to participate in the study if they were assessed by the 

treating ICU team as requiring an admission of 24 hours or greater, aged 18 years or greater, 

Glasgow Coma Scale 15/15, Confusion Assessment Method for ICU (CAM-ICU) negative, 

and having English language proficiency to complete the survey items related to sleep quality 

and experience of sleep in the ICU. Patients were deemed ineligible for the study if they were 

admitted for a primary neurological condition, if treatment intent was for palliative care or 

the patient was not expected to survive more than 24 hours, with confirmed or suspected drug 

overdose, if they had received barbiturates or neuromuscular blocking agents during the 24-

hour monitoring period, with a history of cognitive impairment (e.g., Alzheimer’s disease), 

with clinically suspected encephalopathies (septic, hepatic or uremic), or with inadequate 

English language proficiency to complete the study questionnaires. 

The demographic profiles of participants were extracted from the data entered into the 

electronic monitoring system, Metavision (iMDsoft), employed within the ICU of the study 

site and included age; gender; Acute Physiological and Chronic Health Evaluation II 

(APACHE II); Sequential Organ Failure Assessment (SOFA); respiratory support; body mass 

index (BMI), and inflammatory markers (C-reactive protein and white cell count) reported on 

the day the RCSQ was completed; and ICU and hospital length of stay. 
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7.2.3.3 Procedure  

Patients were screened daily for eligibility for enrolment in the study based on the 

inclusion and exclusion criteria. Enrolled patients were requested to complete the RCSQ the 

following morning to report their quality of sleep. Participants were followed up daily by a 

member of the research team to ascertain their discharge planning and status. The LSQ was 
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distributed by a member of the research team to participants 24 hours – 72 hours post-

discharge from the ICU. 

7.2.3.4 Sleep assessment 

7.2.3.4.1 Richards–Campbell Sleep Questionnaire 

Participants were requested to evaluate their quality of sleep via the RCSQ between 

09:00 and 10:00 hours the following morning post-study enrolment. The RCSQ is a five-item 

questionnaire that applies a visual analogue scale ranging from 0 mm to 100 mm, with 0 mm 

indicating the lowest sleep quality and 100 mm indicating optimal sleep quality. The RSCQ 

contains five subscales that assess sleep depth, sleep latency, awakenings, sleep efficiency, 

and time awake, with a sixth item evaluating perceived noise exposure included in the 

modified RCSQ. The RCSQ has been previously validated against PSG (α = 0.90), providing 

a subjective assessment of the patient’s sleep quality (Richards et al., 2000). In this study, the 

Cronbach’s alpha for the RCSQ was 0.907. 

7.2.3.4.2 Little Sleep Questionnaire 

The LSQ is a non-validated 12-item questionnaire developed to evaluate the 

experience of patients’ sleep in the ICU because of a lack of questionnaires that explored the 

sleep experience and identification of sleep-disturbing factors experienced by ICU patients 

(Little et al., 2012). The questionnaire explores the recollections of the ICU environment; 

patients’ perceived sleep quality and quantity at home, during their ICU admission, and post-

discharge from the ICU; intensive care-related factors contributing to poor sleep; and possible 

amendments during the ICU admission that could be implemented to improve sleep. The 

questionnaire is comprised of four yes/no questions relating to experiences, four questions 

assessing sleep quality and quantity based on a 5-point Likert scale (from very poor to 

excellent), and four questions involving checkboxes to identify factors that impede or 

improve sleep quality. The LSQ was completed within 72 hours of patients being discharged 
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from the ICU to explore their perceived sleep experiences (quality, quantity, and sleep-

disturbing factors) during their ICU admission, and subjective sleep experience (quality and 

quantity) at home and post-discharge from the ICU. 

7.2.3.5 Data analysis 

The sample size in this sub-analysis (N = 37) was derived from the 80 participants 

who participated in the ICU sleep study and were able to complete the RCSQ and LSQ 

(Delaney et al., 2018). Parametric (means, standard deviations and ranges) and nonparametric 

(median and interquartile ranges) descriptive statistics were applied to report continuous data, 

with percentages and frequencies used to describe categorical data. Statistical analysis of the 

acquired data was conducted via SPSSTM (IBM SPSS Statistics for Windows, Version 26.0; 

IBM Corp, Armonk, NY).  

7.2.3.6 Ethics 

Patients were required to provide their own written or verbal consent to participate in 

the study. The study was approved by the institution’s Human Research Ethics Committee 

(ETH: 5.16.071), and the primary study was registered with the Australian New Zealand 

Clinical Trial Registry (ACTRN 126150000945527; registered 9/9/2015).  

7.2.4 Results 

A total of 37 patients fulfilled the inclusion criteria and were included in the sub-study 

analysis. The demographic profile of patients included a median age of 68 years (IQR 49–

73.5 years), a mean APACHE II score of 16.7 (SD 5.8) and admission to the ICU for a 

median of 2.3 days (IQR 1.1–4.5 days) at the time of recruitment (Table 1). 

Table 1 

Demographic characteristics of the cohort and subdivided based on the Richards–Campbell 

Sleep Questionnaire of sleep quality  

Demographic variable Mean ± SD* or 

Median (IQR)# 
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Age (years) 68 (49–73.5)# 

Gender, male n (%) 18 (49) 

APACHE II 16.8 (±5.8)* 

APACHE II relative risk (%) 21 (16.5–40.3)# 

SOFA 11.1 ± 3.9* 

BMI 28.6 (24.3–33.5)# 

WCC 9.7 (8.2–12.5)# 

CRP 88 (43–178)# 

ICU LOS at recruitment (days) 2.3 (1.1–4.5)# 

Total ICU LOS (days) 5 (2.9–8.4)# 

Total hospital LOS (hours) 14.8 (9.8–27.4)# 

  

Oxygen therapy  

 Nil, n (%) 5 (13) 

 Standard oxygen therapy, n (%) 11 (30) 

 Hi-flow oxygen therapy, n (%) 15 (41) 

 Non-invasive ventilation, n (%) 4 (11) 

 Mechanical ventilation, n (%) 2 (5) 

Note. APACHE II = Acute Physiological and Chronic Health Evaluation II; SOFA = Sequential 

Organ Failure Assessment; ICU = Intensive Care Unit; LOS = Length of Stay; BMI = body 

mass index; WCC = white cell count; CRP = C-reactive protein; SD = standard deviation; IQR 

= interquartile range; # = median and IQR; * = mean and standard deviation. 

7.2.4.1 Patients’ perceived quality of sleep 

Patients’ overall perception of sleep quality was low (total RCSQ M = 47.5, SD 22.7), 

with all sleep variables scoring less than 50 (range; 0 = no sleep – 100 = excellent sleep) 

(Table 2) and sleep latency (Q2) scoring the lowest (M = 45.4, SD 26.9) of the five sleep 

variables; 74% (n = 14) of female participants rated their sleep quality as poor, while 56% 

(n = 10) of male participants assessed their sleep quality as good. Female participants were 

found to report lower RCSQ scores across all domains, with a mean total RCSQ score of 43.2 

(SD 24), than male participants (M = 52, SD 21.1). 

Patients’ self-reported mean duration of sleep was 173.4 minutes (SD 143.3 minutes), 

and they evaluated their sleep as very poor (13%, n = 4) to poor (63%, n = 20) in quality, 

which was considerably less than their sleep duration at home (M 398 ± 106.3 minutes) 

(Figure 2). Patients perceived their sleep–wake pattern in the ICU to be normal (53%, 
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n = 17), with 38% (n = 14) of patients indicating that they could acquire enough sleep in the 

ICU. However, patients deemed their sleep not to be refreshing sleep (56%, n = 18). 

Table 2 

Patient-reported quality of sleep in intensive care 

Sleep questionnaire measures Mean (SD) 

(N = 37) 

Range 

Sleep depth (Q1) (mm) 45.7 (27.3) 9–100 

Sleep latency (Q2) (mm) 45.4 (26.9) 6–100 

Awakenings (Q3) (mm) 47.2 (22.3) 14–100 

Returning to sleep (Q4) (mm) 49.8 (27.4) 7–100 

Sleep quality (Q5) (mm) 48.9 (27.4) 5–100 

Noise levels (Q6) (mm) 52 (22.7) 0–100 

Overall score a (mm) 47.5 (22.7) 12–100 
 

a Average of 5 items (Q1–Q5). 

Figure 2 

Patients’ perception of sleep quality and quantity in ICU, post-ICU and at home 
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7.2.4.2 Patient-reported sleep-disturbing stressors 

Patients reported hunger (56%, n = 18) and absence of family (56%, n = 8) as the 

primary factors that affected their ability to sleep in the ICU. Noise related to loud 

conversations (41%, n = 13) and general noise (44%, n= 14 ) were frequently reported by 

patients (Figure 3). 

Post-discharge from ICU, 81% (n = 26) of patients reported improved sleep, with 

factors related to a reduction in disturbance (38%, n = 12) and reduced monitoring and 

invasive lines (41%, n = 13) (Figure 4). Light exposure (25%, n = 8) was not noted as a major 

factor for sleep disturbance in intensive care but was increasingly reported post-discharge as 

a factor contributing to improved sleep (34%, n = 11). 

Figure 3 

Factors reported by patients (percentages) that adversely affected sleep during an intensive 

care admission 
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Figure 4 

Factors reported in percentages identified by patients that had improved and facilitated sleep 

post-discharge from the intensive care 

 

 

7.2.5 Discussion 

Patients cared for in the ICU consistently characterise their sleep quality and quantity 

to be poor. Although research (Telias & Wilcox, 2019; Tembo & Parker, 2009) suggests that 

sleep-disturbing factors are likely a combination of internal and external factors that 

contribute to poor sleep quality, patients’ recollection of their ICU admission attributes sleep 

disturbance to external factors that form components of clinical care and the clinical 

environment. Patients perceive their sleep quality and quantity to be reduced both in the ICU 

and throughout their hospital admission. 

Subjective sleep assessments performed via the RCSQ indicate sleep is sub-optimal, 

with patients perceiving their sleep to be poor to very poor and overall scores reported on the 
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five sleep scales of the RSCQ of less than 50, and reflect findings previously reported by 

Aitken et al. (2017) and Menear et al. (2017). Patients report an approximate 50% reduction 

in their night-time sleep (<3 hours) compared with at home, which is less than what is 

considered a TST to optimise wellbeing (Watson et al., 2015). Restricted sleep to less than 6 

hours is linked to fluctuation in mental status and the onset of delirium (Weinhouse et al., 

2009) and can adversely affect patient outcomes (Gabor et al., 2003; Parthasarathy & Tobin, 

2009). Sleep quality was reported to improve once discharged from the ICU because of 

reduced monitoring and interruptions as acuity is reduced and nocturnal light exposure is 

curtailed. 

Environmental noise levels are commonly cited as a problem in the ICU by patients 

and staff, with research reporting ambient noise levels ranging from 50 to 75 dB (Delaney et 

al., 2019; Freedman et al., 2001; Guisasola-Rabes et al., 2022; Tainter et al., 2016). Patients 

reported noise as a factor that affected sleep quality, making the clinical environment 

unfavourable for sleep, with therapeutic interactions and noise commonly acknowledged as 

stressors that impeded sleep. Guisasola-Rabes et al. (2022) reported that with small increases 

in noise level (dB), patients reported a 4-point reduction in sleep quality on the RCSQ. The 

pervasive nature of noise exposure is not limited to auditory effects, with non-auditory effects 

increasingly recognised because of their diverse implications on sleep, patient outcomes, and 

cognitive performance (Buxton et al., 2012). 

Improved awareness and understanding of sleep-disturbing factors provide an 

opportunity to intervene and individualise care to support patient sleep. Research suggests 

that ICU nurses may lack knowledge regarding the pervasive impacts of noise and its effects 

on patients (Christensen, 2005; Johansson et al., 2016). As a result, strategies to mitigate the 

noise in the ICU setting may need to address knowledge and behaviours as previous research 

has indicated a reluctance of nurses to adjust alarm volumes and to reduce bedside 
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conversations overnight (Eliassen & Hopstock, 2011). The reported factors that negatively 

affect patients’ sleep appear to be modifiable and potentially could be addressed with a 

greater focus on individualised sleep hygiene practices to develop approaches to support and 

prioritise sleep in the recovery process. Sleep hygiene is deemed to be behaviours that 

facilitate sleep and addressing behaviours that may negatively affect sleep (Riedel, 2000), 

with nursing staff well-positioned to assess and address patient concerns relating to sleep. 

Notably, patient-reported hunger is a contributor to impaired sleep. Hunger has been 

attributed to an increase in metabolic expenditure (Bonnet & Arand, 1995; Spiegel et al., 

1999), in which sleep plays an essential role in energy balance. Studies indicate that impaired 

quality of sleep, specifically characterised by a restriction in restorative sleep (SWS and REM 

sleep) and TST, are linked to increased feelings of hunger (Morgan & Tsai, 2015; Yang et al., 

2019). Non-ventilated patients are susceptible to nutritional deficits, with Peterson et al. 

(2010) reporting that this patient cohort achieves less than 50% of their nutritional 

requirements and may go unnoticed by clinical staff. As a result, there is a need to recognise 

and understand factors that may affect patient sleep to establish congruence between clinical 

knowledge and patient needs to support an improved environment for sleep to be acquired. 

Patients reported discharge from the ICU as allowing for improved sleep because of a 

reduction in the care interventions and environmental burden. Coordinating timely discharge 

of patients from ICUs would be beneficial in supporting the recovery of sleep for patients. 

Understanding the patients’ experience and the sleep-disturbing factors from the patient 

perspective provides the foundation for organisations, leaders and clinicians to act and 

advocate for patients’ needs. Given the link of sleep disturbance to adverse physiological and 

psychological consequences, sleep assessment must be considered as adjunct to the current 

comprehensive approaches to patient care in the ICU. Early documentation may provide the 

impetus to implement patient-specific interventions to address sleep disturbance. 
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7.2.5.1 Limitations 

Although this study provides important insights from patients’ experiences of sleep in 

the ICU, the study’s acknowledged limitations should be considered prior in order to 

extrapolate the findings more broadly. The sample size within this study is small and is based 

on a single point in time assessment, and might have been affected by events and experiences 

that occurred at that time and may not depict what occurs and the experience of patients 

throughout their ICU admission. Nonetheless, it provides some potential insights into the 

experiences of patients that are conscious and able to provide consent, which is reflective of 

the current body of knowledge. The exclusion of patients unable to provide consent omits the 

experiences of patients with higher acuity and longer lengths of stay, who may be more 

profoundly affected by sleep disturbance. As a result, a larger cohort study conducted over a 

longer duration may be required to explore sleep-disturbing factors and expand on potential 

gender differences and the extent to which additional variables such as hunger may affect the 

experiences of patient sleep. 

7.2.5.2 Conclusion 

Sleep is essential in patient recovery, and sleep quality reported by conscious ICU 

patients is poor. The findings reiterate the potentially modifiable nature of many sleep-

disturbing factors that could be enhanced through greater awareness of sleep and the 

implementation of practices that aim to reduce the noise levels experienced by patients. 

Improvement in sleep hygiene practices in the ICU needs to be considered, particularly 

among conscious patients. Increasing clinician awareness of the impact of sleep disturbance 

on patients physiologically and integrating consistent patient assessment associated with 

sleep may provide the foundations that curtail the impact of an ICU admission on a patient’s 

ability to sleep. 



 

125 

7.2.6 References 

Aitken, L. M., Elliott, R., Mitchell, M., Davis, C., Macfarlane, B., Ullman, A., Wetzig, K., 

Datt, A., & McKinley, S. (2017). Sleep assessment by patients and nurses in the 

intensive care: An exploratory descriptive study. Australian Critical Care, 30(2), 59–

66. 

Alvarez, G. G., & Ayas, N. T. (2004). The impact of daily sleep duration on health: A review 

of the literature. Progress in Cardiovascular Nursing, 19(2), 56–59. 

Bonnet, M. H., & Arand, D. L. (1995). 24-Hour metabolic rate in insomniacs and matched 

normal sleepers. Sleep, 18(7), 581–588. 

Boyko, Y., Jennum, P., Nikolic, M., Holst, R., Oerding, H., & Toft, P. (2017). Sleep in 

intensive care unit: The role of environment. Journal of Critical Care, 37, 99–105. 

Boyko, Y., Ørding, H., & Jennum, P. (2012). Sleep disturbances in critically ill patients in 

ICU: How much do we know? Acta Anaesthesiologica Scandinavica, 56(8), 950–958. 

Buxton, O. M., Ellenbogen, J. M., Wang, W., Carballeira, A., O’Connor, S., Cooper, D., . . . 

Solet, J. M. (2012). Sleep disruption due to hospital noises: A prospective evaluation. 

Annals of Internal Medicine, 157(3), 170–179. 

Caruana, N., McKinley, S., Elliott, R., & Gholizadeh, L. (2018). Sleep quality during and 

after cardiothoracic intensive care and psychological health during recovery. The 

Journal of Cardiovascular Nursing, 33(4), E40–E49. 

Christensen, M. (2005). What knowledge do ICU nurses have with regard to the effects of 

noise exposure in the intensive care unit? Intensive and Critical Care Nursing, 21(4), 

199–207. 

Cox, R. C., Tuck, B. M., & Olatunji, B. O. (2017). Sleep disturbance in posttraumatic stress 

disorder: Epiphenomenon or causal factor? Current Psychiatry Reports, 19(4), 1–10. 



 

126 

Delaney, L. J., Litton, E., Huang, H.-C. C., Lopez, V., & van Haren, F. M. (2022a). The 

accuracy of simple, feasible alternatives to polysomnography for assessing sleep in 

intensive care: An observational study. Australian Critical Care. Advance online 

publication. 

Delaney, L. J., Litton, E., Melehan, K. L., Huang, H.-C. C., Lopez, V., & Van Haren, F. 

(2021). The feasibility and reliability of actigraphy to monitor sleep in intensive care 

patients: An observational study. Critical Care, 25, Article 42. 

Delaney, L., Litton, E., & Van Haren, F. (2019). The effectiveness of noise interventions in 

the ICU. Current Opinion in Anesthesiology, 32(2), 144–149. 

DePietro, R. H., Knutson, K. L., Spampinato, L., Anderson, S. L., Meltzer, D. O., Van 

Cauter, E., & Arora, V. M. (2017). Association between inpatient sleep loss and 

hyperglycemia of hospitalization. Diabetes Care, 40(2), 188–193. 

Ding, Q., Redeker, N. S., Pisani, M. A., Yaggi, H. K., & Knauert, M. P. (2017). Factors 

influencing patients’ sleep in the intensive care unit: Perceptions of patients and 

clinical staff. American Journal of Critical Care, 26(4), 278–286. 

Eliassen, K. M., & Hopstock, L. A. (2011). Sleep promotion in the intensive care unit—A 

survey of nurses’ interventions. Intensive and Critical Care Nursing, 27(3), 138–142. 

Freedman, N. S., Gazendam, J., Levan, L., Pack, A. I., & Schwab, R. J. (2001). 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. 

Friese, R. S., Bruns, B., & Sinton, C. M. (2009). Sleep deprivation after septic insult 

increases mortality independent of age. Journal of Trauma and Acute Care Surgery, 

66(1), 50–54. 



 

127 

Gabor, J. Y., Cooper, A. B., Crombach, S. A., Lee, B., Kadikar, N., Bettger, H. E., & Hanly, 

P. J. (2003). 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. 

Guisasola-Rabes, M., Solà-Enriquez, B., Vélez-Pereira, A. M., & de Nadal, M. (2022). Noise 

levels and sleep in a surgical ICU. Journal of Clinical Medicine, 11(9), Article 2328. 

Johansson, L., Knutsson, S., Bergbom, I., & Lindahl, B. (2016). Noise in the ICU patient 

room—Staff knowledge and clinical improvements. Intensive and Critical Care 

Nursing, 35, 1–9. 

Kamdar, B. B., King, L. M., Collop, N. A., Sakamuri, S., Colantuoni, E., Neufeld, K. J., 

Bienvenu, O. J., Rowden, A. M., Touradji, P., Brower, R. G., & Needham, D. M. 

(2013). The effect of a quality improvement intervention on perceived sleep quality 

and cognition in a medical ICU. Critical Care Medicine, 41(3), 800–809. 

Kelly, M. A., & McKinley, S. (2010). Patients’ recovery after critical illness at early follow‐

up. Journal of Clinical Nursing, 19(5–6), 691–700. 

Knutson, K. L., Spiegel, K., Penev, P., & Van Cauter, E. (2007). The metabolic consequences 

of sleep deprivation. Sleep Medicine Reviews, 11(3), 163–178. 

Little, A., Ethier, C., Ayas, N., Thanachayanont, T., Jiang, D., & Mehta, S. (2012). A patient 

survey of sleep quality in the intensive care unit. Minerva Anestesiologica, 78(4), 

406–414. 

Litton, E., Carnegie, V., Elliott, R., & Webb, S. A. (2016). The efficacy of earplugs as a sleep 

hygiene strategy for reducing delirium in the ICU: A systematic review and meta-

analysis. Critical Care Medicine, 44(5), 992–999. 



 

128 

Menear, A., Elliott, R., Aitken, L. M., Lal, S., & McKinley, S. (2017). Repeated sleep‐quality 

assessment and use of sleep‐promoting interventions in ICU. Nursing in Critical 

Care, 22(6), 348–354. 

Morgan, D., & Tsai, S. C. (2015). Sleep and the endocrine system. Critical care clinics, 

31(3), 403-418. 

Novaes, M. F. P., Knobel, E., Bork, A. M., Pavao, O. F., Nogueira-Martins, L. A., & Bosi 

Ferraz, M. (1999). Stressors in ICU: Perception of the patient, relatives and health 

care team. Intensive Care Medicine, 25(12), 1421–1426. 

Orwelius, L., Nordlund, A., Nordlund, P., Edéll-Gustafsson, U., & Sjöberg, F. (2008). 

Prevalence of sleep disturbances and long-term reduced health-related quality of life 

after critical care: A prospective multicenter cohort study. Critical Care, 12(4), 1–11. 

Papaioannou, V., Mebazaa, A., Plaud, B., & Legrand, M. (2014). ‘Chronomics’ in ICU: 

Circadian aspects of immune response and therapeutic perspectives in the critically ill. 

Intensive Care Medicine Experimental, 2(1), 1–14. 

Parthasarathy, S., & Tobin, M. J. (2009). Sleep in the intensive care unit. Applied Physiology 

in Intensive Care Medicine, 30(2), 191–200. 

Peterson, S. J., Tsai, A. A., Scala, C. M., Sowa, D. C., Sheean, P. M., & Braunschweig, C. L. 

(2010). Adequacy of oral intake in critically ill patients 1 week after extubation. 

Journal of the American Dietetic Association, 110(3), 427–433. 

Pilcher, J. J., & Huffcutt, A. I. (1996). Effects of sleep deprivation on performance: A meta-

analysis. Sleep, 19(4), 318–326. 

Richards, K. C., O’Sullivan, P. S., & Phillips, R. L. (2000). Measurement of sleep in 

critically ill patients. Journal of Nursing Measurement, 8(2), 131–144. 

Riedel, B. W. (2000). Sleep hygiene. In K. L. Lichstein & C. M. Morin (Eds.), Treatment of 

late-life insomnia (pp. 125–146). Sage Publications. 



 

129 

Spiegel, K., Leproult, R., & Van Cauter, E. (1999). Impact of sleep debt on metabolic and 

endocrine function. The Lancet, 354(9188), 1435–1439. 

Tainter, C. R., Levine, A. R., Quraishi, S. A., Butterly, A. D., Stahl, D. L., Eikermann, 

M., . . . Lee, J. (2016). Noise levels in surgical ICUs are consistently above 

recommended standards. Critical Care Medicine, 44(1), 147–152. 

Telias, I., & Wilcox, M. E. (2019). Sleep and circadian rhythm in critical illness. Annual 

Update in Intensive Care and Emergency Medicine 2019, 651–664. 

Tembo, A. C., & Parker, V. (2009). Factors that impact on sleep in intensive care patients. 

Intensive and Critical Care Nursing, 25(6), 314–322. 

Vgontzas, A. N., Zoumakis, E., Bixler, E. O., Lin, H. M., Follett, H., Kales, A., & Chrousos, 

G. P. (2004). Adverse effects of modest sleep restriction on sleepiness, performance, 

and inflammatory cytokines. The Journal of Clinical Endocrinology & Metabolism, 

89(5), 2119–2126. 

Watson, N. F., Badr, M. S., Belenky, G., Bliwise, D. L., Buxton, O. M., Buysse, D., . . . 

Tasali, E. (2015). Joint consensus statement of the American Academy of Sleep 

Medicine and Sleep Research Society on the recommended amount of sleep for a 

healthy adult: Methodology and discussion. Journal of Clinical Sleep Medicine, 

11(8), 931–952. 

Weinhouse, G. L., Schwab, R. J., Watson, P. L., Patil, N., Vaccaro, B., Pandharipande, P., & 

Ely, E. (2009). Bench-to-bedside review: delirium in ICU patients—Importance of 

sleep deprivation. Critical Care, 13(6), Article 234. 

Yang, C. L., Schnepp, J., & Tucker, R. M. (2019). Increased hunger, food cravings, food 

reward, and portion size selection after sleep curtailment in women without obesity. 

Nutrients, 11(3), Article 663. 



 

130 

7.3 Conclusion and Linkage 

Patients consistently identify factors that contribute to sleep disturbance that are 

favourable to modification, such as environmental noise (Elbaz et al., 2017; Freedman et al., 

2001; Horsten et al., 2018). The ICU environment is inherently noisy because of the array of 

clinical monitoring and accompanying alarms, and frequently exceeds noise level 

recommendations outlined by the WHO (Delaney et al., 2017; Elliott et al., 2013; Litton et 

al., 2017; Xie et al., 2009). Despite the growing body of research regarding the soundscape of 

the ICU, little has been accomplished in reducing its impact on those within the clinical 

environment. Potentially, the lack of compelling evidence that suggests noise contributes to 

sleep disturbance reported within PSG-based studies contributes to a lack of commitment to 

address concerns around noise levels and how these may negatively affect sleep (Freedman et 

al., 2001; Gabor et al 2003). 

Nonetheless, the experience of patients consistently suggests noise as a major issue 

within the ICU. Research attempting to abate noise has been challenged in its ability to 

demonstrate the capability to sustain noise reductions over time, as well as improved sleep 

quality as a result of noise reduction strategies beyond subjective assessments (Basner et al., 

2014; Kahn et al., 1998; Nannapaneni et al., 2015). The constant exposure to increased noise 

can contribute to noise stress, and the lack diurnal variation may make patients more 

susceptible to the impacts of noise because of a loss of control over their environment. 

Reducing noise levels may provide an environment that may reduce patient anxiety and that 

is able to support rest and potentially improve the opportunity for sleep. Changing the 

interpretation and experience of the environment may have positive impacts on patients’ 

subjective experience; however, it may not aid in the objective improvement in overall TST 

and fragmentation. Noises produces a range of adverse consequences for both patients and 

staff, and there is a need to address the impacts of noise in the clinical environment. 
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Emerging from the study are additional factors that are infrequently reported as sleep-

disturbing factors such as hunger and anxiety. This highlights the complex interaction that 

various factors can have on individuals’ ability to sleep. As a result, to better understand 

sleep in the clinical environment, further work is required to highlight the need to consider 

patient sleep in their overall plan of care and clinical assessment. Many of the factors outlined 

by patients suggest that with clinical assessment, intervention could be implemented to 

address factors that could affect sleep and provide patients with sleep hygiene practices that 

could support and ready them to transition into a nocturnal period readying for sleep. 
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Chapter 8: Discussion 

8.1 Summary of the Research 

Sleep is widely acknowledged as being critical in optimising individuals’ sense of 

wellbeing and ability to function effectively throughout the day. However, in the healthcare 

setting, sleep is often viewed as a passive state that is readily disrupted and frequently 

deprioritised by healthcare providers (Burkhalter et al., 2011; Christensen, 2007; Cooper et 

al., 2000; Delaney et al., 2015). This is primarily observed among ICU patients, who 

experience atypical sleep architecture and circadian disturbance, and may continue to occur 

throughout the hospital admission and post-hospital discharge (Delaney et al., 2021; Gabor et 

al., 2001; Pisani et al., 2015; Watson et al., 2013). The implications of sleep disturbance are 

multifaceted and can contribute to a range of adverse physiological and psychological effects, 

which may hamper patient recovery (Bihari et al., 2012; Bosma & Ranieri, 2009; Friese et al., 

2009; Weinhouse et al., 2009; Xie et al., 2009). 

The thesis’s overarching purpose was to address the current challenge within clinical 

practice pertaining to identifying feasible and reliable methods to accurately assess sleep 

within the intensive care setting. Contemporary clinical care does not include sleep 

monitoring as a component of ICU care. In the absence of accurate sleep monitoring 

methods, the ability to understand the impact of poor quality of sleep on patients and the 

ability to respond to sleep disturbance are hampered. The findings suggest that ACTG may 

offer clinicians a feasible and accurate surrogate measure of sleep that is easily implemented 

and interpreted, and minimally invasive for patients (Delaney et al., 2022; Delaney et al., 

2021). It is acknowledged that ACTG has a propensity to overestimate sleep and 

underestimate wakeful states, but presents an objective biophysiological assessment of sleep 

that demonstrates an acceptable level of agreement with the current gold standard of sleep 

monitoring: PSG (Delaney et al., 2021). The application of ACTG as a sleep monitoring 
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approach does not seek to diagnose formal sleep disorders, which requires the 

implementation of PSG, but rather to provide clinical information of sleep–wake activity 

across a patient admission to more objectively identify the extent of sleep disturbance 

experienced by patients. 

Subjective approaches to sleep monitoring, such as nursing observation and patient 

self-reports, were found to be less accurate than biophysiological assessments (Delaney et al., 

2022). Patients’ ability to accurately report and quantify their sleep experience was found to 

be inaccurate, and may be influenced by numerous factors including effects of medication, 

ability to identify the lapse in time, and the frequency and duration of awakenings (Aurell & 

Elmqvist, 1985; Bourne et al., 2007; Gabor et al., 2003; Majer et al., 2007; Nicolás et al., 

2008). Sleep documentation provided by nursing staff is frequently performed on an ad hoc 

basis and is subject to observer bias. Further, in cases where documentation on patient sleep 

is provided, it is rarely acted upon and is viewed as having limited clinical validity (Beecroft 

et al., 2008; Locihová et al., 2020; Louzon et al., 2022). The ability of staff to undertake 

frequent sleep monitoring (e.g. hourly documentation) is considered unviable and requires 

dedicated attention that cannot be provided in the context of ICU care. Nursing staff have 

numerous concurrent clinical activities inclusive of assessing, implementing and evaluating 

patients during their shift, along with collaborating intraprofessionally. Further, patient self-

reports potentially exclude up to 40% of the ICU population, who may not have the capacity 

to complete survey items (Frisk & Nordström, 2003). 

8.2 Clinical Environment and Improving Sleep 

Noise disturbance remains a consistently reported factor that negatively affects patient 

sleep. The environmental factors identified within the research reiterate that noise generated 

as a part of clinical activities, such as speech, movement and alarms, is potentially modifiable 
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and could be addressed with amendments to behaviours and cultural norms within the 

intensive care setting in order to prioritise the importance of sleep in patient care. 

8.3 ‘The Effectiveness of Noise Intervention in the ICU’ 

The following manuscript was manuscripts reviews the impact of noise and noise 

abating interventions that have been investigated in the intensive care context published April 

2nd 2019 in Current Opinion of Anesthesiology. 
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8.4 Further Research 

The findings within this thesis add to the body of knowledge relating to the complex 

challenges encountered in monitoring sleep and addressing sleep-disturbing factors. 

Emerging from the work presented is a range of future research areas to support the 

promotion and awareness of the impacts of sleep disturbance in the intensive care setting. 

The findings presented within this thesis indicate that further research is required to 

fully understand the impact of sleep disturbance and its contribution to patient recovery. 

Sleep is a physiological requirement that supports the haemostatic function of hormones and 

immunological responses, and aids in promoting wellbeing. The contribution of sleep in the 

care and management of ICU patients is frequently deprioritised in favour of technologically 

advanced monitoring systems and accompanying alarms. The lack of recognition of its value 

in patient care and overall recovery may be compounded by the lack of scholarly attention in 

both undergraduate and postgraduate degree programs. Undergraduate programs in both 

nursing and medicine fall prey to issues with crowded curricula due to the exponential 

increase in healthcare information (Dalley et al., 2008). Therefore, healthcare organisations 

may need to bridge this gap within their services and establish education and clinical practice 

processes that highlight the significant contribution sleep plays in the overall recovery and 

wellbeing of patients. Addressing potential knowledge deficits and areas for improvement 

may first provide the foundations for implementing practice changes and sleep assessment 

into contemporary practices, thereby potentially reducing the perpetuation of practices that do 

not support patients’ needs for sleep and its role in the context of patient care. As a result, 

research needs to be undertaken to ascertain the level of knowledge of clinicians regarding 

sleep and current practices, and evaluate the impact of educational interventions on clinical 

practice and culture. 
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The inability for clinicians to effectively and accurately monitor sleep in the clinical 

setting has been a long-reported barrier in understanding and optimising sleep within the 

ICU. With the evolution of wearable technology and advancement in sleep monitoring 

equipment such as motion accelerometers, emerging research findings suggest that these may 

have a potential role in the monitoring of intensive care patients’ sleep, along with 

monitoring the circadian patterns of patients discharged from the ICU. Further research 

exploring the broader implementation of motion accelerometers in the monitoring and 

assessment of sleep within a multi-site study over a prolonged duration would aid in 

identifying whether sleep profiles alter over the course of an admission and highlight future 

potential of identifying the impact of sleep disturbance. Expanding the research would enable 

further understanding of the characteristics of ICUs and patient cohorts to identify which 

patient groups may benefit from motion accelerometer-based monitoring. ACTG is an 

accepted assessment of sleep–wake activities in non-laboratory settings, and the findings 

presented with this thesis suggest that this may provide clinicians with a much needed 

accurate, feasible, objective biophysiological assessment (de Zambotti et al., 2019). 

Compared with PSG, it is cost effective, less complex in its initiation and interpretation, and 

minimally invasive for patients. Further research is required to fully explore the potential of 

ACTG in its ability to assess sleep–wake activity among ICU patients as the findings reported 

indicate a trade-off between sensitivity and specificity in ACTG monitoring and ACTG is 

unable to distinguish between motionless wakeful states and sleep states. As a result, the 

patient cohort that may benefit from ACTG monitoring is likely to be patients that are not 

heavily sedated. The current data reported by the ANZICS indicate a decrease in patient 

admissions requiring mechanical ventilation, resulting in an increase in patients more 

susceptible to the impacts of the ICU environment and sleep disturbance, and this patient 

cohort may need further exploration in larger multi-site studies. 
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The physiological implications linked to sleep disturbance and critical illness are not 

fully elucidated. Emerging is the potential for bidirectional relationships between sleep and 

delirium, and sleep and pain, in addition to the impact of physiological changes involving 

inflammatory markers and whether these are important contributing factors in sleep 

disturbance during critical illness. There is growing research that highlights the similar 

neurobiological features of delirium and sleep, in particular, whether inflammatory markers 

such as C-reactive protein and white cell count are related to increased sleep disturbance, and 

more specifically if interleukins are a contributing factor. The need for sleep appears to have 

a beneficial effect in clearing by-products of brain metabolism, and whether ICU patients are 

more susceptible to this accumulation warrants further clinical research. 

The clinical environment is widely considered a contributing factor to poor quality of 

sleep, with patients reporting noise as a major factor in poor quality of sleep. Developing 

sleep bundles and interventions to curtail the negative impact of the clinical environment 

remain important areas for clinical research. Reported research is limited in its ability to 

demonstrate prolonged effects in practices to reduce the impact of noise and how this may in 

turn affect sleep, and as a result, more rigorous research is likely needed. Findings exploring 

the impact of noise abatement interventions such as ear plugs suggest that these might have a 

role in reducing incidences of delirium, and further research understanding the relationship 

among delirium, sleep and patient outcomes is required. 

Critical consideration is needed around ICU environment design features and whether 

this can be optimised to mitigate the negative effects reported by patients and provide an 

environment in which rest and sleep may be more achievable. Clinical design features can 

potentially alter the way individuals behave and engage in the environment. Given nurses’ 

proximity to patients and their potential capacity to support sleep, there is opportunity for 

meaningful contributions around future designs of clinical areas and the implementation of 



 

144 

design amendments that may provide a cost-effective approach to mitigate the negative 

effects of the environment. Although the financial burden of developing new hospitals and 

ICUs may be a limiting factor, opportunities to encourage design and use of textiles for 

improved care and patient outcomes, and that consider intensive care to extend from invasive 

life preservation to survivorship and recovery, need to be seized. 

8.5 Limitations 

The limitations of each study are presented within the individual study manuscripts. 

Sleep is a complex physiological process, and within this research, sleep was monitored over 

a 24-hour duration. This monitoring period acknowledges the sleep–wake activities of ICU 

patients, who potentially acquire as much as 50% of their sleep during daylight hours, and 

provides information on the features of sleep quality and quantity among ICU patients, who 

may remain a patient with the ICU for days, weeks or months. Monitoring sleep over an 

extended duration may provide information related to the emergence of recovery sleep or 

ongoing deterioration of sleep quality. There exist some thoughts that patients may acclimate 

to their environment and sleep may improve; however, in the absence of ongoing sleep 

monitoring, these concerns around sleep cannot be addressed. 

Challenges with maintaining ongoing 24-hour sleep monitoring are noted with works 

published in this thesis. In particular, PSG monitoring is not intended for this duration of 

study, and PSG electrodes will be displaced and result in losses in data with ongoing clinical 

care of patients. 

8.6 Final Conclusion 

The provision of intensive care has been able to integrate a variety of advance 

monitoring techniques to support patients and has contributed to improved survival outcomes. 

Despite the advancements in care and improved understanding of physiological responses, 

sleep remains a biological process that is not well understood or considered in the context of 
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intensive care. The need for sleep is an essential physiological requirement that is 

fundamental to support optimal wellbeing, but is poorly considered and integrated into the 

care of patients in the intensive care setting. Identifying a method that is feasible for 

implementation, such as motion accelerometers, is an important clinical development to 

enhance awareness of the contribution of sleep in overall patient care and recovery. The 

ability to accurately and objectively monitor sleep provides the foundations to identify the 

baseline sleep profile of patients and to effectively identify those experiencing circadian 

disturbances. Inventions that seek to improve sleep can then be effectively monitored and 

evaluated, and potentially operationalised as standard clinical practices. 
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Appendix C: Patient Sleep Interview Form 
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Appendix D: Staff Self-Report 
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Appendix E: Environmental Sleep Observation Form 
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Appendix F: Supplementary File to Accompany ‘The Nocturnal Acoustical 

Intensity of the Intensive Care Environment: An Observational Study’ 

Table S1 

Sound level change and loudness ratio 

 Psychoacoustics Volume Acoustical intensity 

Equation 
∆L = 10∙log2χ = 

32.22∙log(χ) 
χ = 10

∆𝑳

𝟑𝟐.𝟐𝟐
 = 2

∆𝑳

𝟏𝟎
 Z = 10

∆𝑳

𝟏𝟎
 

Outcome 
Level change ∆Lloud = 

22.85 
4.87 times louder 

192.75 times 

greater 
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Appendix H: Richards Campbell Sleep Questionnaire (RCSQ) 
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Appendix I: Karolinska Sleepiness Scale 
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Appendix J: Little Sleep Questionnaire 

Sleep quality in the intensive care unit 

1. Time of Interview (prior to hospital discharge): 

 24 hrs.  48 hrs.  72 hrs.  Other. 

2. Source of Interview:  

 in-person 

Section 1 Assessment of Orientation 

• What is the... Year, season, month? 

 Correct /  Incorrect 

• Where are we... Hospital, City, Country?  

 Correct /  Incorrect 

If the patient is oriented AND willing to participate proceed to Section 2 – ICU 

Sleep Quality Survey If patient is NOT oriented please re-evaluate in 24 hours and complete 

questionnaire if oriented. 

Section 2 ICU Sleep Quality Survey 

1. Do you remember being in the Intensive Care Unit? 

 Yes /  No 
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2. What do you remember? (check ALL that apply) 

 Family  Faces  Darkness  Feeling confused 

 Alarms  Breathing tube  Clock  Feeling down 

 Voices  Suctioning  Tube in nose 
 Feeling 

anxious/scared 

 Dreams  Lights  Discomfort  Ward rounds 

 Pain  Panic  Restrained/confined  Hallucinations 

 Nightmares 
 Feeling people 

might hurt you 

 Feeling like you might 

die 
  

 Other:_________________________________________________________________ 

3. Please classify the overall quality of your sleep at home (before hospital). 

 Very Poor.  Poor.  Good.  Very good.  Excellent. 

4. Please classify the overall quantity of your sleep at home (before hospital). 

 Very Poor.  Poor.  Good.  Very good.  Excellent. 

How many hours of sleep, on average, did you get a night? 

5. Please classify the overall quality of your sleep during your ICU stay. 

 Very Poor.  Poor.  Good.  Very good.  Excellent. 

6. Please classify the overall quantity of your sleep during your ICU stay. 

 Very Poor.  Poor.  Good.  Very good.  Excellent. 

How many hours of sleep, on average, did you get a night? 

7. Do you remember having a normal sleep/wake cycle? 

 Yes.  No. (awake during the day, asleep at night) 

8. Do you feel like you got enough sleep in the ICU? 

 Yes.  No.  Unsure. 

a) If yes, was it refreshing sleep?     Yes.  No 

If No, continue to 8 b) 
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b) If no, please check all the factors that led to poor sleep in the ICU. 

 Pain  Nightmares/hallucinations  Anxiety  Team rounding 

 Lights  Temperature (too cold/hot)  Thirsty/dry 

mouth 

 Medication administration 

 Confusion  Bed/pillow  Bathing  Discomfort in position 

 Visitors  People in room  Tests/X-rays  Noise (staff, alarms, TV) 

 Other patient  Time disorientation  Endotracheal 

tube 

 Restrained/confined 

 Suctioning  Loud talking  Breathing 

machine 

 Absence of partner 

 Not tired  Sleep disorder  Touch/move 

you 

 Procedures/measurements 

 Lines  Bed in/de-flation  Hungry  Tubes (nose/rectal/bladder) 

 Other:_________________________________________________________________ 

c) If unsure, please explain: 

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________ 

9. Please rate the overall quality of your sleep since leaving the ICU. 

 Very Poor.  Poor.  Good.  Very good.  Excellent. 

10. Have you slept better since leaving the ICU? 

 Yes.  No. 

If yes, check all that you feel contributed to this: 

 Noise  Light  Interruptions  Pain 

 Comfort  Care  Privacy  Anxiety 

 Fear of Death  Ambulation  Tubes/Lines  Other: 
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11. What factors do you believe would have improved sleep in the ICU? 

 Sleeping pill  Eye mask/blindfold  Personal pillow/keepsake 

 Ear plugs  White noise  No unnecessary 

interruptions 

 Window in room (if none)  Closing door/blinds at night  Removal of monitors/alarms 

 Relaxation techniques  Dimmed lights  Music therapy 

 More blankets  Different bed  Clock in the room 

 Pain medication  More info about your health  Other: 

 

12. Additional Comments or Remarks 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 


