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Abstract

Delirium is defined as a sudden disturbance in attention, awareness, and cognition and is a common,
and serious surgical complication amongst the older adult population. It is significantly correlated with
adverse clinical outcomes including increased mortality and the loss of independence. The Thesis

consists of 5 Chapters and includes a systematic review, a sleep deprivation and a clinical study.

The systematic review aims to bridge the gap in sleep screening methodologies by evaluating
the use of subjective screening tools and providing recommendations for the use of each tool for
researchers and clinicians. Following a review of 25 studies, results were summarised and the needs for
researchers and clinicians were considered. For sleep disorders, researchers were recommended to use
the Insomnia Severity Index, the Observational Sleep Assessment Instrument (OSAl), the Mayo Sleep
Questionnaire and the Sleep Symptom Checklist (SSC), and for clinicians the Insomnia Severity Index, the
Observation-based Nocturnal Sleep Inventory, the OSAI, the Mayo Sleep Questionnaire, and the Sleep
Interview. The review recommends the use of the Insomnia Severity Index, the OSAI, and Mayo Sleep
Questionnaire for both researchers and clinicians. When screening for sleep behaviours and
disturbances both researchers and clinicians are recommended to use one of the following include the

Pittsburgh Sleep Quality Index, and the Karolinska Sleepiness Scale.

This systematic review provides novel guidance and has potential to be incorporated into
routine assessments. Older adults are at an increased risk of developing sleep disorders and experience
poorer sleep quality, often left untreated due to lack of routine screening, and research has identified
sleep disruption to be a risk factor for post-operative delirium. There is potential for patient care to be
improved through addressing these underlying sleep disorders, effectively monitoring for changes to

sleep quality, and identifying those at greater risk of post-operative delirium as a result.

The first study explored the interaction a 24-hour period of sleep deprivation has on the
sleep/wake cycle and the effects of the increasing pressure to sleep on changes to attention, psychotic-
like symptoms, sleepiness, memory, emotion and scores on a validated delirium assessment scale in
healthy adults. The increasing pressure to sleep was found to induce reversible changes in a non-clinical
population across the 7 assessments that took place over the 24-hour study duration. Participants
become faster at completing the reaction time task, made more mistakes through incorrectly
suppressing their responses, exhibited greater variability in reaction time, experienced changes in

feelings of delusional thinking, anhedonia, paranoia, positive emotion, as well as presented with



fluctuating delirium scores. Our study observed similar attentional deficits previously reported in post-
operative delirium, namely changes in reaction time and intra-trial variability, during periods
participants should normally be awake. The study was able to detect acute changes in cognitive
functioning and provides an alternative perspective on delirium assessment. We observed cognitive
deficits appearing relatively quickly following several hours of disruptions to the sleep/wake cycle in our
young, healthy adult sample without predisposing factors for delirium. Our findings highlight the
importance of further exploring the modifiable factor of sleep disruption to reduce delirium risk,

particularly in older adults who are at a greater risk of developing delirium.

In the clinical study, sleep disruption within a clinical population was explored with the aim of
investigating pre- and post-operative sleep, as measured using actigraphy monitors, an objective
measure of sleep, and delirium, where the pre-operative baseline for sleep is taken at home. A cohort of
45 older adults undergoing elective hip or knee replacement surgery were enrolled into the study.
Assessments took place at baseline, 1-day post-surgery, 4-days post-surgery and 3-months post-surgery.
The actigraphy data obtained provided an insight into the quality and quantity of sleep achieved in those
awaiting and having recently undergone surgery. General comparisons were made and participants
were found to have experienced changes to their normal habitual sleep, through spending less time in
bed, less time asleep, and sleeping for a shorter period of time in hospital when compared to their sleep
at home. Moreover, participants who experienced an increase in their activity levels and an increase in
the amount of time spent awake when they were awoken, were associated with an increase in delirium
at 1-day and 4-day post-surgery. The greater degree of change to activity level and average awakening

length, the greater the risk of post-operative delirium.

Our findings have identified additional sleep measures which increase the risk of post-operative
delirium, as well as adding to our knowledge and understanding of sleep disruption in the hospital
environment. This supports the importance of sleep, particularly sleep that occurs at home prior to
hospitalisation for delirium risk. This has potential implications for improving routine care. Interventions
that reduce sleep disruption during periods patients normally sleep may improve sleep quality and in
turn reduce delirium risk. The routine monitoring of changes to sleep is recommended to identify those

who develop a greater risk of delirium during hospitalisation.

This Thesis contributes to the literature on sleep and delirium, providing recommendations for
the use of screening tools, which should form a part of regular routine healthcare management. Specific

types of sleep disruption that occur prior to and during hospitalisation were identified to increase the



risk of post-operative delirium and has important implications for patient care. A pre-hospitalisation

routine for elective surgery should include maintaining good sleep habits to reduce delirium risk.
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Chapter 1: What is Delirium?

1.1 Importance of delirium research

Post-operative delirium most often presents in the older adult hospitalised population (Inouye,
Schlesinger, & Lydon, 1999) and is a common, yet serious complication of hospitalisation following
elective surgery (Gillick, Serrell, & Gillick, 1982), with a high mortality rate, rising by 11% per every 48
hours of delirium duration (Gonzalez et al., 2009). Despite this, the impact delirium has on health is

frequently underestimated (Young & Inouye, 2007).

Delirium is an acute state of confusion when a ‘disturbance of consciousness occurs, with
reduced ability to focus, sustain, or shift attention’ which can develop and fluctuate over short periods
of time (American Psychiatric Association, 2013). Although delirium in the community is low (1 - 2%),
this increases with age (14% in those over 85 years old) (Fong, Tulebaev, & Inouye, 2009). The incidence
of delirium increases in emergency departments, rising to 10 - 30% where delirium is often indicative of
an underlying medical illness (Siddiqi, House, & Holmes, 2006). Individuals presenting with delirium on
hospital admission range from 14 - 24% with this increasing to 6 - 56% during hospitalisation (Inouye,

1998).

The Multifactorial Model (Inouye & Charpentier, 1996), describes an inter-relationship between
predisposing and precipitating factors for delirium has been validated in the older adult population, with
those with a higher baseline level of vulnerability at greater risk of delirium than those without.
Predisposing factors include old age, illness severity, length of hospitalisation, low albumin visual
impairment and use of a urinary catheter, all of which increase delirium risk in acute hospital care
(Ahmed, Leurent, & Sampson, 2014). In the older adult population, the prevalence of delirium is
estimated in 15 - 53% of post-operative individuals (Inouye, 2006) and in 70 - 87% of those in intensive

care (Pisani, McNicoll, & Inouye, 2003).

Post-operative delirium is associated with numerous adverse post-operative clinical outcomes,
including an increased risk of falls, disruptive behaviour, incontinence, prolonged hospital admission,
increased care costs, dementia, institutionalisation and death (Rockwood et al., 1999; Marcantonio et
al., 2000; Franco et al., 2001; McCusker et al., 2002; Siddiqi et al., 2006; Stenvall et al., 2006; Inouye,
2006; Leslie et al., 2008; Witlox et al., 2010).



Research has suggested that delirium can be preventable in an estimated 30 — 40% of cases,
however these prevention protocols are often not embedded into routine hospital care (Inouye,
Westendorp, & Saczynski, 2014). Intervention strategies involve targeting the specific risk factors and a
combination of orientation (or reorientation), mobilisation, cognitive activation, and non-
pharmacological sleep promotion, with these methods showing success in the prevention of delirium
and cognitive decline (Rubin, Neal, Fenlon, Hassan, & Inouye, 2011). Furthermore, a systematic review
of 14 studies showed multi-component non-pharmacological interventions are effective in reducing
post-operative delirium and falls in older adults by up to 50% (Hshieh, Yue, Puelle, Dowal, Travison, &

Inouye, 2015).

The financial cost of treating delirium is high, and creates a burden on healthcare services
(Inouye, Schlesinger, Lydon et al., 1999). Several studies have estimated total healthcare costs in 2011
range from $16,303 to $64,421 per patient and in total up to $164 billion USD in the United States
(Leslie, Marcantonio, Zhang, Leo-Summers, & Inouye, 2008) and $182 billion USD in European countries
per year (Inouye, Westendorp, & Saczynski, 2015). The cost of delirium on the German healthcare
system, including the time attributed to delirium treatment which is often not taken into account,
provides a more accurate estimate of total costs. In this study, a range of settings (including the ICU)
was included in the analysis with ten tasks associated with delirium care identified. Some of which
included: observation, mobilisation, safety measures and medication. Each patient with delirium was
estimated to cost up to 1200 euros after taking into account all costs associated with patient care

including personnel, medication and hospital stay of trained hospital staff.

In 2017, the Office of National Statistics UK population overview (2018) estimated the
population of the United Kingdom to be 66 million. This is projected to continue to grow to 73 million by
2041 due to the overall increasing ageing population through enhancements to health provision, the
advancement of technology and lifestyle choices. This is evident in population estimates demonstrating
the population of older adults (> 65 years) has continued to grow from 15.9% in 1997 to 18.2% in 2017
and is predicted to increase to 24% by 2041. Within the next 50 years, the figure is predicted to reach
8.6 million. Furthermore, statistics from the Hospital Admitted Patient Care and Adult Critical Care
Activity report (National Health Service Digital, 2018) show an overall 2.8% increase in the last 20 years
in Finished Consultant Episodes (FCEs). The progressively ageing population is causing an increase in
patient numbers. When the data is split by age, patients in the 70 — 74 age group accounted for 7.9% of

episodes and were overall the highest number.



With people living longer, and the number of older adults requiring surgery expected to increase
(Raats, Steunenberg, De Lange, D.C., & Van Der Laan, 2016), it is of paramount importance to improve
our understanding of preventable conditions that the older adult population are at higher risk of
developing. Delirium is arguably one of the most common complications of hospitalisation in the older
adult population with 90% likely to develop delirium (Pisani, McNicoll, & Inouye, 2003) and it is
expensive to treat. It is imperative that risk factors are further investigated so that interventions can be
developed to reduce the incidence of delirium (Inouye et al., 1999). Attempts to reduce the incidence of

delirium will contribute towards alleviating the burden on health services.

This Chapter discusses the definition of delirium, including the development of the classification
of delirium in current diagnostic criteria. It continues on to describe assessment tools used to diagnose
delirium and how these have been developed through the advancement of the DSM criteria and its
implications on the healthcare system. Furthermore, the aetiology and risk models of delirium, its
phenomenology and the adverse clinical outcomes, and a discussion of the important role sleep has on

delirium is outlined.

1.2 Definition

The defining features of delirium are the changes in mental states, occurring in the absence of
both pre-existing neurocognitive disorders and reduced levels of consciousness (American Psychiatric
Association, 2013). It is defined in both the International Classification of Diseases, Tenth Revision (ICD-
10) (World Health Organisation, 1992) and the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) (American Psychiatric Association, 2013) classification systems which provide information on
the clinical characteristics of delirium, causes, preventions, treatments and outcomes (Tyrer, 2014). The
ICD-10 defines delirium as ‘an etiologically nonspecific organic cerebral syndrome characterised by
concurrent disturbances of consciousness and attention, perception, thinking, memory, psychomotor
behaviour, emotion, and the sleep-wake schedule. The duration is variable and the degree of severity
ranges from mild to very severe’ (World Health Organisation, 1992). These are the most recent versions

and are regarded to be the diagnostic gold standard in clinical practice.

Delirium was officially acknowledged in the Diagnostic and Statistical Manual of Mental
Disorders (DSM) Il (American Psychiatric Association, 1980) in the 1980s and in the International
Classification for Diseases 10 Edition (ICD-10) in 1992 (World Health Organisation, 1992). There have
been several editions of the Diagnostic and Statistical Manual of Mental Disorders (DSM) which has

been published describing delirium. In previous versions of the DSM, delirium was described as an
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organic mental disorder whereas now it contains new information regarding prevalence, the course of
the disturbance and prognosis. It contains more information on criteria and definitions than the ICD-10
and is therefore important in providing an accurate diagnosis. Delirium is defined as a neurocognitive
disorder alongside Parkinson’s disease, Alzheimer’s disease and other specified and unspecified
categories of delirium. A common core feature of these neurocognitive disorders is the shared feature
of impaired cognition. The DSM characterises delirium as a sudden, but temporary change, in mental

state. The full diagnostic criteria can be seen in Table 1.

Table 1 DSM-5 diagnostic criteria for delirium (American Psychiatric Association, 2013)

A A disturbance in attention (i.e., reduced ability to direct, focus, sustain, and shift

attention) and awareness (reduced orientation to the environment).

B The disturbance develops over a short period of time (usually hours to a few days),
represents a change from baseline attention and awareness, and tends to

fluctuate in severity during the course of the day.

C An additional disturbance in cognition (e.g., memory deficit, disorientation,

language, visuospatial ability or perception).

D The disturbances in Criteria A and C are not better explained by another pre-
existing, established, or evolving neurocognitive disorder and do not occur in the

context of a severely reduced level of arousal, such as coma.

E There is evidence from the history, physical examination, or laboratory findings
that the disturbance is a direct physiological consequence of another medical
condition, substance intoxication or withdrawal (i.e., due to a drug of abuse or to a

medication), or exposure to a toxin, or is due to multiple aetiologies.

The DSM-5 describes specific subtypes which should be specified alongside the diagnosis of
delirium, and include substance intoxication and withdrawal delirium, medication-induced delirium,
delirium due to another medical condition and delirium due to multiple aetiologies. Other types of
delirium outlined in the DSM-5 include Other Specified Delirium and Unspecified Delirium. These types
describe instances where symptoms are observed but do not meet the full criteria for delirium or other
neurocognitive disorders. Additionally, the term Subsyndromal Delirium (SSD) is sometimes used. This is
used in instances where some symptoms of delirium are observed but do not meet the criteria or

progress to delirium (Levkoff et al., 1996). As noted in Cole, Ciampi, Belzile, and Dubuc-Sarrasin (2013),
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and Serafim et al., (2017), despite being commonly observed in hospitalised older adults, SSD is not
currently included in the DSM-5 and there is no mention of these subcategories of delirious states which

do not progress to delirium.

Duration and the subtype should be specified when describing delirium, either in its acute or
persistent form. Subtypes for delirium include hyperactive, hypoactive or mixed level of activity. A
Hyperactive type is characterised by increased activity, changes in mood and being less supportive when
receiving medical care. Hypoactive involves reduced activity, and lethargy. A Mixed level of activity is
where activity levels are normal when disturbances to attention and awareness are present (American
Psychiatric Association, 2013). Delirium usually persists for seven days and symptoms may still present
even after hospital discharge. Patients experiencing delirium may shift and exhibit symptoms from the
different subtypes with the most frequently observed and recognised being hyperactive. This subtype is
most commonly associated with individuals experiencing the side effects of medication and also drug

withdrawal. The hypoactive subtype is observed more frequently in older adults.

The DSM-5 classifies delirium as a disturbance in attention or awareness, alongside a change in
baseline cognition which is not explained by a pre-existing neurocognitive disorder (NCD). Difficulties in
attention may include impairments in the ability to redirect, focus, sustain and or shift attention. The
individual experiencing delirium may be difficult to communicate with, particularly when questions are
being directed to them, and they may require these to be repeated due to their inability to focus. It is
also common for patients to exhibit a delayed response to questions. An individual experiencing
delirium may respond to a previous question they were asked rather than the current question due to
their inability to shift attention appropriately. They may also be easily distracted and show a reduction
in their ability to orientate with the environment and or themselves. These symptoms fluctuate and
manifest over a short period of time, with disturbances worsening in the evenings. This is suggested to
be because it is more difficult to find clues to the environment later in the day when it is dark (e.g.,
sunlight to tell the time). The individual may also show changes in memory (in particular short-term
memory), learning, disorientation (especially the ability to identify the date and time), use of language
and or perceptual distortions (e.g., visual hallucinations). Visual hallucinations can range from simple to

complex.

It is also important to note that the DSM delirium diagnosis is dependent on the level of
cognition of the individual. For example, delirium cannot be diagnosed if the individual is comatose

(despite having a reduced level of arousal and therefore meeting some of the criteria for the diagnostic



definition for delirium), as they are unable to respond to verbal stimulation and are therefore unable to

engage with the current standard of assessment for delirium.

Delirium has historical references ranging back to the first century AD, where the term L.
delirare (out of the furrow) was first used to describe mental conditions often observed alongside fever
(Caraceni & Grassi, 2011). A variety of descriptive terms have been used over time to describe the
changes in mental state associated with delirium. More recently, in acute care, terms including Intensive
Care Unit (ICU) psychosis, sundowning, acute confusional state and acute brain failure have been used
(Maldonado, 2008). The variation of terminology used over time has complicated the ability to
differentiate between delirium and other conditions described in-text, as well as our ability to interpret
them Hall, Meagher & Maclullich, 2012). This has created some challenges in being able to accurately
map the development of the understanding of delirium in the literature. However, it is important to
note that over the last 30 years significant advances have been made which are observed in the various

revisions of the definition of delirium in the DSM in 1987, 1994 and 2013.

1.3 Assessment and diagnosis of delirium

It was not until the 1980s that delirium was recognised by the DSM as a neurocognitive disorder
and a standardised diagnostic criterion developed. Prior to this, a range of terms were used to describe
the condition, resulting in subsequent inconsistencies in the literature. There have been significant
improvements in our understanding of the condition which has been reflected in the revisions to the
DSM delirium criteria. Developments to our understanding of delirium have helped shape the use of a

range of assessment tools used to detect delirium.

Tools used in delirium research and clinical assessments vary considerably. The includes
variations in the version of the DSM criteria classification system used in diagnosis (some do not use a
criteria) (Trzepacz, 1994), time taken to administer the assessment, type of rater, and whether the tool
uses screening scales or symptom severity. Some assessments feature a dichotomous approach whereas
others use a more quantitative one in determining severity through observational data. A systematic
review was carried out on delirium scales (Adamis, Sharma, Whelan, & MacDonald, 2010), which
focused on measures used in delirium research, specifically within the older adult population. The
review identified 24 scales that had been used in research and highlights the numerous delirium
assessments which have been used in the literature. Although it is important to note that the review
emphasises the importance of conducting additional research on certain assessments to further

establish and replicate their reliability and validity. The review recommends the use of scales with a
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greater number of items to provide greater accuracy, inter-rater reliability, reduced variability, and

higher sensitivity and specificity (Adamis et al., 2010).

In this Thesis, only the two most commonly utilised delirium assessment tools will be discussed
as they focus on the most up-to-date DSM criteria. This includes the Confusion Assessment Method
(CAM) and the Delirium Rating Scale Revised-98 (DRS R-98). In accordance with the suggestions made by
Adamis et al. (2010), these two tools are recommended for use in delirium assessment for their

reliability and validity when compared against other tools.

The CAM is the most common method of assessing delirium and consists of a brief series of
yes/no questions covering four key features: acute onset and fluctuating course, inattention,
disorganised thinking and altered levels of consciousness (Inouye et al., 1990). Diagnosis requires that
individuals are identified to exhibit symptoms of the first two features and either of the last two
features. The test can be completed in five to ten minutes and can be conducted by non-psychiatrists;
consequently, it is useful for a research context. Responses to the CAM are based on observations made
by the researcher during the course of an interview with the individual where delirium is either scored
as present or absent. Diagnostic accuracy is improved when it is completed alongside a cognitive
assessment such as the Mini Mental State Examination (MMSE) (Adamis et al., 2010). The CAM has good
psychometric properties with a specificity of between .92 and .97 and sensitivity ranging from .46 and

.68.

The DRS R-98 is a 16-item scale that measures delirium severity, and can also be used for
diagnosis and to differentiate from other disorders such as dementia, schizophrenia and depression
(Trzepacz, Baker, & Greenhouse, 1988; Trzepacz et al., 2001). It consists of individual items rated on a
scale of 0 to 3 which specifically, sensitively, and reliably measures delirium symptoms. These items
include aspects on temporal onset of symptoms, perceptual disturbances, hallucination type, delusions,
psychomotor behaviour and cognitive status. Depending on the cut-off point chosen the DRS R-98 has
excellent psychometric properties, including high sensitivity ranging from .91 to 1.00. It is also highly
correlated with other related assessments such as the original DRS, Cognitive Test for Delirium (CTD)
and Global Clinical Impression Scale Scores (CGl) as well as exhibiting high inter-rater reliability and

internal consistency (Trzepacz et al., 2001).



1.4 Aetiology, risk models and epidemiological data

As previously discussed, the DSM-5 defines delirium as a disorder of cognition, arousal and
attention. Based on this, multiple theories have been proposed to explain the manifestation of delirium,
many of which are homogeneous and multifactorial as multiple biological changes occur. A review by
Maldonado (2013) identified seven current aetiological theories. These include: the Neuroinflammatory
(NIH), Neuronal Aging (NAH), Oxidative Stress (OSH), Neurotransmitter (NTH), Neuroendocrine, Diurnal

Dysregulation (or Melatonin Dysregulation) and the Network Disconnectivity (NDH) Hypotheses.

The Neuroinflammatory Hypothesis (NIH) suggests that delirium is a result of chemical
imbalances in the brain. These imbalances occur when the brain experiences certain stressors,
otherwise referred to as inflammation, which may come about through infection, surgery or other
trauma to the body. This additional stimulation to the hypothalamus has a ripple effect in the signalling
of the central nervous system, resulting in neuronal and synaptic dysfunction through changes in cell
secretion. The NIH suggests the subsequent neurobehavioural and cognitive symptoms exhibited are
those associated with delirium. This theory is supported through the observation of protein levels in the
body, namely the C-reactive protein (C-RP). C-RP rises in response to inflammation and can
subsequently cross the Blood Brain Barrier (BBB). The BBB is a protective, selectively permeable feature
of the neuroimmune system, which keeps the passage of blood from the brain separate from the
movement of fluids involved in the Central Nervous System. Disruption to the permeability of this
barrier results in the diffusion of CNS fluids into the blood stream. Research has shown evidence to
support high levels of C-RP are associated with delirium, with it being both a predictor and an indicator

in delirium recovery (Macdonald, Adamis, Treloar, & Martin, 2006).

The Neurotransmitter Hypothesis (NTH), proposes that delirium is a result of neurotransmitter
dysfunction and or availability. Research has provided support to this theory, with certain
neurotransmitters known to be involved in key neuronal processes. These include acetylcholine,
serotonin, dopamine, gamma-aminobutyric acid and glutamate. A reduced level of acetylcholine,
increases in dopamine, norepinephrine and glutamate, and altered levels of histamine, serotonin and
gamma-aminobutyric acid are kn