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Delirium: 100 words

 
De–Lira: to be displaced from one’s furrow. Acute cognitive impairment complicates one in five hospitalisations, like a cognitive superbug penetrating healthcare environments. The kaleidoscopic symptom profile comprises generalised cognitive and neuropsychiatric disturbances. Contrasting hyperactive and hypoactive presentations complicate detection, but clinical variants share core cognitive disruptions – inattention and diminished comprehension that creates the clouded consciousness we call confusion. Half of cases occur in the context of underlying dementia with growing recognition of delirium as an accelerating and possibly causal factor in dementia. Historically understudied, recently established European and American associations can finally bring this Cinderella to the neuroscientific ball.
Meagher D (2010). British Journal of Psychiatry 197: 455.

Delirium: The mocking mist

Just when day-watch ends, the cats come 

calling at the window, wishing me well, 

or is it farewell? Tuesday, I’d say. Limerick Regional!?

As if I’m needing telling. It’s been all hearsay for some 

time. But better to be silent on these matters, 

keep the old powder dry. Let them force-feed me 

shepherd’s pie. Not that I have it against sheep,

mind – it’s the damn humans you can’t trust: 

December, November, Remember, Septober – I 

should make a list. Maybe after I get to the bank. 

Hasn’t somebody got to pay for all of this; 

The pills, the cameras, this mocking mist?

Meagher D (2011). Irish Medical Journal 104:41.
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Abstract

Delineating delirium phenomenology facilitates detection, understanding neuroanatomical endophenotypes, and patient management. This compendium reflects an integrated research plan executed over a five year period, employing detailed, standardized phenomenological assessments cross-sectionally and longitudinally. Motor activity studies were controlled and included both subjective and objective measures, aimed at identifying a new approach to defining this clinical subtype as a more pure motor disturbance. This work confirms delirium as a complex neuropsychiatric disorder involving widespread dysfunction of higher cortical centres that includes core disturbances of cognition, higher level thinking and circadian rhythms. Although delirium is characterised as a unitary syndrome, not all symptoms follow the same trajectory over the course of an episode; non-cognitive symptoms are more fluctuating. Attention is characteristically disproportionately impaired, relatively less fluctuating, and a key indicator of delirium. Longer delirium episodes involve more prominence of cognitive symptoms. Delirium symptoms overshadow dementia symptoms whether or not these conditions co-occur.  Impaired forward spatial span is especially discriminating between delirium and dementia. Motor activity disturbances are almost invariable in delirium and can distinguish clinical subtypes that are relatively stable over the course of an episode. These motor-defined subtypes have similar cognitive impairment severity but differ for noncognitive symptom expression and prognosis. 

Glossary of key terms

Attention: The active or passive focusing of consciousness upon an experience.

Cognition: The mental process of knowing, including aspects such as awareness, perception, reasoning and judgement.

Comorbid: where medical disorders occur together in a single patient.

Consciousness: A state of awareness of the self and the environment.

Delirium: A serious disturbance in a person’s mental abilities that results in decreased awareness of one’s environment and confused thinking. The onset is usually sudden, over hours or days, symptoms tend to fluctuate, and an underlying physical illness is usually identifiable.

Dementia: a generally progressive and irreversible group of conditions characterised by loss of mental faculties including memory, intellect and personality that occurs in the context of identifiable brain pathology. 

Disorganised thinking (also : Thought process abnormality) : Disturbance of thinking processes whereby the subject has difficulty in organising their thoughts in a logical pattern or alternatively thinking beyond the narrow interpretation of the meaning of words.

Final common pathway: A course followed by a body process whereby a variety of stimuli converge upon a single event or outcome.

Long term cognitive impairment: a term used to denote persisting cognitive difficulties, in some cases as part or subsequent to an episode of delirium, that is currently of imprecise duration in scientific terms.

Neuropsychiatric: relating to disorders which are characterised by both neurological and psychiatric features.

Orientation: The awareness of one’s setting in time and place and of the realities of one’s person and situation.

Phenomenology: The observation and categorization of psychological events, the internal experiences of the patient and his associated behaviour.

Psychomotor: Relating to movement associated with mental processes, cerebral or psychic activity.

Sleep-wake cycle fragmentation / reversal: disturbance of the normal pattern of nocturnal sleeping and daytime awakeness with nocturnal insomnia and daytime somnolence or reversal of pattern

Spatial Span Test: This is a test of attention and memory that involves a subject being presented with a sequence of (numbered) squares to repeat either in the same order as presented (spatial span forwards) or in reverse (spatial span backwards).

Subtype: A group forming a type within a larger type. Clinical subtype refers to where this occurs upon the basis of clinical phenomena.

Thought process abnormality (see disorganised thinking above).

Vigilance: The faculty of deliberately remaining alert.

Visual Analog Scale: A method of rating phenomena according to a visually-presented continuum or scale.

Visuospatial function: That aspect of central nervous system function that relates to the relationship between visual perception and spatial relations.

Unitary syndrome: A disorder that is defined according to common features (e.g. phenomenological).

List of abbreviations used in this thesis

APA: American Psychiatric Association.

BPSD: Behavioural and Psychological Symptoms of Dementia

CI: Confidence Interval.

CL: Consultation Liaison

CNS: Central Nervous System.

COMT: Catechol-O-Methyl Transferase.

CSE: Confusional State Evaluation.

CTD: Cognitive Test for Delirium.

DAS: Delirium Assessment Schedule.

DEC: Delirium Etiology Checklist.

DI: Delirium Index.

DLB: Lewy Body Dementia.

DMC: Delirium Motoric Checklist.

DMSS: Delirium Motor Subtyping Scheme.

DRS: Delirium Rating Scale.

DRS-R98: Revised Delirium Rating Scale.

DSI: Delirium Symptom Inventory.

DSM: Diagnostic and Statistical Manual.

DSS: Delirium Severity Scale.

EOWM: Ease of Ward Management.

FSD: Full Syndromal Delirium

GEE: Generalised Equation Estimation.

HVA: Homovanillic Acid

ICD: International Classiification of Diseases.

ICU: Intensive Care Unit

IMDEP: International Multisite study of Delirium Etiology and Phenomenology.

IQCODE: Informant Questionnaire on Cognitive Decline in the Elderly.

LTCI: Long-term Cognitive Impairment

MDAS: Memorial Delirium Assessment Scale.

MRM: Mixed-Effects Regression Model.

NEECHAM: The Neelon and Champagne Confusion Scale

RASS: Richmond Agitation and Sedation Scale.

SD: Standard Deviation

SE: Standard Error

SSD: Subsyndromal Delirium

SSB: Spatial Span Backwards.

SSF: Spatial Span Forwards.

WHO: World Health Organisation.
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Chapter 1

Background and rationale for this work

Introduction

This thesis describes a series of studies conducted over a five year period that explore the phenomenology of delirium and associated conditions. The principal aim was to enhance our understanding of this common but understudied condition by capturing its phenomenological footprint both cross-sectionally and longitudinally over the course of episodes. Phenomenology, for the purpose of this work, is used in its broadest sense i.e. the study of psychological and physical events with the purpose of rendering the patient’s experience understandable. As such, the term is used interchangeably with the concept of descriptive psychopathology and includes the investigation and understanding of the symptoms and signs of illness. Such work is crucial to the ongoing development of psychiatric nosology through accurate observation of the phenomena that occur in psychological illness (Berrios, 1993; Sims, 2003). 

The work includes detailed assessment of the range of cognitive and non-cognitive disturbances that occur in delirium and has particular emphasis on approaches to clinical subtyping of this heterogenous condition. These studies have generated important insights into the nature of delirium that are relevant to how it is defined and that can improve diagnosis and detection. A novel approach to clinical subtyping according to motor activity disturbances is described. It is my hope that this work will not only advance our knowledge of delirium but also, facilitate more targeted future research effort in the field.   

Delirium is a common but understudied syndrome

Delirium is a complex neuropsychiatric syndrome occurring in 11-42% of general medical inpatients (Siddiqi et al, 2006), up to 50% of the hospitalised elderly (Cole, 2004), and at even higher rates in those with pre-existing cognitive impairment, terminal illness or receiving care in intensive care units (Cole, 2004; Ely et al, 2001; Lawlor 2000). A wide variety of synonyms have been used to denote generalised cognitive disturbances of acute onset (e.g. acute confusional state, brain failure, septic encephalopathy, toxic psychosis ) but delirium is now the accepted umbrella term applied to all acute disturbances of global cognitive function in both DSM-IV and ICD-10 (World Health Organisation, 1993; American Psychiatric Association, 1994).

Delirium is associated with elevated morbidity and mortality that is at least in part independent of underlying medical morbidity and premorbid cognitive status (Inouye, 1998; McCusker et al, 2002; Leslie et al, 2005; Kiely et al, 2009). Moreover, healthcare costs are typically doubled (Fick et al, 2005) due to greater problems in treatment and a higher rate of complications reflected in hospitalisations that are twice as prolonged (Saravay and Strain, 1994). Approximately 50% of delirium occurs superimposed upon known dementia and in those without previously identified dementia experiencing an episode of delirium is associated with a more than three fold increase in chances of subsequently being diagnosed with dementia (Rockwood, 1999). More recently, studies have highlighted that a significant percentage of patients develop enduring cognitive deficits, so-called long-term cognitive impairment (LTCI) and in many cases this occurs in patients who were deemed to be cognitively intact prior to experiencing delirium (Jackson et al, 2004; MacLullich et al, 2009) leading to the suggestion that delirium in itself may be biologically toxic (Meagher, 2001) and thus represent a preventable risk factor for dementia (Meagher, 2007).

Despite its frequency and negative impact upon outcomes, delirium has been seriously understudied.  This reflects the difficulties in studying a highly fluctuating complex neuropsychiatric syndrome compounded by a lack of definitional consensus with a resulting serious need for phenomenological studies to clarify the nature of delirium in relation to its core diagnostic indicators as well as features that allow for differentiation from other neuropsychiatric disorders. Moreover, although delirium is a unitary syndrome, it is clear that it is highly heterogenous in clinical profile, and as such clinically-defined subtypes might allow for more targeted management tailored to individual patient needs.  However, in more recent times the emergence of systematic diagnostic criteria and reliable and valid tools for delirium assessment has allowed for an increase in research activity (Leentjens et al, 2008) as evidenced by the contrasting publication rates for delirium vs other common neuropsychiatric conditions between 1980-1999 (see figure 1 from Meagher, 2000) with a more recent analysis of publication rates between 1995 and 2008 (see figure 2. From Meagher, 2009). The utility of this increased research attention is predicated upon a thorough understanding of the syndrome of delirium, including its symptom profile. 

Figure 1. Medline citations for treatment studies in common neuropsychiatric disorders (from Meagher, 2000)
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Figure 2. Medline citations with ‘delirium’ in the title (1995-2008) [From Meagher, 2009]
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Problems with existing phenomenological studies of delirium

The existing body of research that addresses delirium phenomenology has a number of significant shortcomings that limit its ability to inform our understanding of the syndrome of delirium; (1) methodologies used to date have included assessments that are narrow in phenomenological breadth and do not explore the range of cognitive and non-cognitive disturbances that occur within the syndrome, (2) studies are almost entirely cross-sectional in design and therefore cannot fully capture the phenomenological profile of a highly fluctuating condition that is highly heterogenous in its course and prognosis, (3) studies have included very little account of the impact of differing medication exposure and multifactorial  etiological causation upon clinical presentation. As a consequence, it is unclear to what extent the varying phenomenological presentations of delirium are a reflection of the impact of these factors, (4) studies of clinical subtypes have focused on motor-activity disturbances but include highly inconsistent methodologies and schema that are not validated and have uncertain relevance to actual motor disturbance, (5) Although it is estimated that approximately 50% of cases of delirium occur in the context of comorbid dementia or pre-existing cognitive impairment, there is a remarkable dearth of data relating to the impact of comorbid dementia on delirium presentation. Moreover, studies are needed that identify the relative specificity of neuropsychiatric symptoms to each condition.

These shortcomings highlight the potential for further phenomenological studies to improve our understanding of delirium. Not surprisingly, the need for greater phenomenological study of delirium has been repeatedly highlighted as the cornerstone of research effort in delirium (Francis, 1995; Gottlieb, 1998; Meagher and Trzepacz, 1998; Gupta et al, 2008). Approximately 50% of cases of delirium are missed or diagnosed late in clinical practice, reflecting difficulties in recognition across multiple medical and nursing disciplines (Irving et al, 2006; Meagher and Leonard, 2008). Better description of the syndrome will allow more consistent detection as well as targeted studies of underlying pathogenesis and therapeutic needs.  Revisions to DSM-V and ICD-11 need to be data-driven rather than based on the opinion of ‘experts’ (Meagher and Trzepacz, 2007; Meagher et al, 2008). A key challenge will be to allow for greater clarity regarding the recognition and diagnosis of cases, especially those that are more prone to being missed (e.g. patients with hypoactive presentations and / or comorbid dementia). This process can be informed by exploring phenomenological profile across the different clinical presentations of delirium.

Although delirium has a wide variety of potential underlying etiologies, it appears to represent dysfunction of a final common neural pathway that leads to the characteristic cognitive and noncognitive symptoms (Trzepacz, 1999). Attention is invariably impaired, in addition to dysfunction of other cognitive domains (comprehension, vigilance, short and long-term memory, orientation, visuospatial ability and executive function). Delirium also includes a wide variety of noncognitive symptoms including changes in motor behaviour, sleep-wake cycle, thinking, language, and perception that occur with varying frequencies. Each symptom is produced by dysfunction of a brain region or network such that understanding particular symptom frequencies and patterns may point to particular neural mechanisms (Trzepacz, 1994).  While some symptoms occur with great consistency and reflect core elements of the syndrome (e.g. inattention, sleep-wake cycle disturbances, motor activity changes), other features are more variable in presentation (e.g. psychosis, affective changes) possibly reflecting the influence of particular etiological underpinnings or individual patient vulnerabilities. To date studies exploring the relationship of etiology to phenomenology have been limited in scope (Meagher et al, 1998; Morita et al, 2001; Sagawa et al, 2009) and in particular studies of the relationship of etiology to phenomenology over time are entirely lacking.  

The need for longitudinal studies 

Delirium is a highly fluctuating condition – so much so that symptom fluctuation is highlighted as a key diagnostic criterion in both ICD-10 and DSM-IV definitions. This inherent variability in symptom profile means that serial assessment is crucial to understanding the phenomenological profile of delirium. Longitudinal studies of symptom profile are remarkably lacking, so we have limited knowledge of how the various cognitive and non-cognitive elements change over time. Key outstanding issues that can be addressed with longitudinal studies are whether the symptoms of delirium follow a unitary, or a more varied course, and consequently to identify symptoms that are more consistent in expression over time. This question is especially relevant to efforts to identify features that are useful for detection purposes as well as to enhance our understanding of possible pathophysiological underpinnings. 

The delirium-dementia interface

Delirium and dementia commonly co-exist, especially in elderly patients where delirium is frequently misattributed to dementia symptoms (Inouye et al, 2001). As a general rule, delirium is primarily a disorder of attention, while dementia is characterised by memory difficulties. However, our knowledge of the distinction between these two conditions is limited by a lack of studies that have explored specific phenomenological differences. Greater clarity regarding symptoms that suggest delirium rather than dementia is needed. Studies that have compared phenomenology of ‘pure’ delirium with comorbid delirium and dementia indicate that the symptom profile of delirium is not greatly altered by concomitant dementia and that delirium symptoms dominate where both occur but with more impaired cognitive scores (Trzepacz et al, 1998) or more disorganized thinking and disorientation (Cole et al, 2002). Unfortunately, the diagnosis of delirium is often missed in these comorbid patients (Inouye et al, 2001), such that specific guidance is needed for reliable diagnosis of delirium in those with pre-exisiting cognitive problems. 

Motor activity changes can differentiate clinically-relevant subtypes 
Delirium is considered as a unitary syndrome, whereby a range of different etiological causes produce a relatively consistent pattern of acute generalised cognitive disturbances. Delirium was introduced as an umbrella term to encompass all such disturbances and thus subsumed a range of synonyms that had previously been used (acute confusion, ICU psychosis, acute brain failure, septic encephalopathy etc). However, despite these commonalities, delirium is highly heterogenous in relation to symptom profile, course, and outcome. Consequently, interest has focused on the identification of clinically meaningful subtypes. Disturbances of motor behaviour are an important and highly visible feature of delirium and have been recognised since ancient times with the terms ‘phrenitis’ and ‘lethargus’ used to denote agitated / hyperactive vs somnolent / hypoactive presentations respectively. To date there have been almost thirty studies of motor defined clinical subtypes of delirium suggesting that they differ  significantly with regard to frequency and severity of non-motoric symptoms (Meagher, 2000; Gupta et al, 2005), etiology (Ross, 1991; Meagher, 1998; Morita et al, 2001; Gupta et al, 2005), pathophysiology (Balan, 2003; Van der Cammen et al, 2006; Van Munster et al, 2008), detection rates (Inouye et al, 2001), treatment experience (Meagher, 1996; Breitbart, 2002; Liptzin and Levkoff, 1992), duration of episode and outcome (O’Keeffe 1999; Liptzin and Levkoff, 1992; Kiely et al, 2007). However, the findings of these studies lack consistency with, for example, some suggesting better prognosis in hypoactive patients (Marcantonio et al, 2002) while other work has linked better outcomes to hyperactive presentations (Liptzin and Levkoff, 1992; Olofsson et al, 1996).  

A range of approaches to defining motor subtypes has been used; Lipowski (1983) described two presentations labelling ‘hyperactive’ and ‘hypoactive’ based on the predominating psychomotor profile and later revised this to include a third  ‘mixed’ category (1989) in recognition of the fact that many patients experience elements of both within short time frames. Lipowski detailed features of each but did not specify a required number of symptoms to be present in order for subtype criteria to be met. Liptzin and Levkoff (1992) listed criteria for these three groups based on both motor activity and other associated behaviours. O’Keeffe and Lavan (1999) adapted the psychomotor items from the Brief Psychiatric Rating Scale to describe motor subtypes according to activity profile within the first 48 hours of delirium. Other approaches have been described including the use of symptom items from the Memorial Delirium Assessment Scale (MDAS) and the Delirium Rating Scale (DRS) and its recent revision (DRS-R98), as well as visual analog scales (Ross et al, 1991) and even ‘clinical impression’ (Olofsson et al, 1996).

There have been few studies of the longitudinal course of motor profile in delirium and no studies of the stability of actual motor subtypes over time. Marcantonio and colleagues (2003) studied delirium symptom persistence over a week in elderly patients admitted to post-acute facilities and found that both lethargy and restlessness remained stable in most (95%) patients. Fann and coworkers (2005) studied motor symptom profiles in patients post stem cell transplantation, and found that psychomotor disturbance was consistently hypoactive (in 86%) during an episode of delirium.  More detailed study is necessary to clarify the stability of motor subtypes over the course of an episode as well as the influence of factors such as etiology, medication and comorbid dementia upon motor activity profile. 

The scope and aims of this work

The emergence of clear and inclusive diagnostic criteria, detailed and well validated assessment tools, and increasing use of longitudinal statistical methods presents the opportunity to address many of the issues detailed above. The body of work described herein derives from the Limerick Delirium study and details the investigation of (1) 100 cases of delirium assessed cross-sectionally to explore the phenomenological breadth of delirium in detail as well as and the frequency of motor activity disturbances and subtypes [Cohort ‘A’ described in chapters 2, 9 and 10] (2) 140 patients with either delirium, comorbid delirium-dementia, dementia without delirium, and cognitively intact controls to compare symptom profile in these conditions [Cohort ‘B’ described in chapter 8], and (3) 100 cases of delirium assessed biweekly over the course of their delirium episode to explore the expression of different symptoms over time (including motor subtypes) and the relationship to differing etiologies and medication exposures [Cohort ‘C’ described in chapters 5, 6, 12,13,14].

More specific aims / hypotheses:
(1) To explore the frequency and severity of a wide range of neuropsychiatric and cognitive symptoms of delirium [see chapter 2 for cross-sectional study and chapters 5 and 6 for longitudinal study] and specifically to explore the central role ascribed to inattention by examining the relationship of other symptoms to severity of inattention [see chapter 2]. 

(2) To test the hypothesis that the symptoms of delirium do not follow a unitary course with some symptoms relatively consistent over time while others are more fluctuating. Specifically, is attention, as a core element of delirium, more consistent during the course of an episode compared with other elements such as disorientation, psychosis, affective lability etc. [see chapters 5 and 6 where two differing approaches to longitudinal data analysis are used to explore symptom patterns over time]

(3) To test the hypothesis that the severity of different symptoms varies over the course of an episode such that some delirium symptoms (eg noncognitive symptoms) are more prominent early in the course of a delirium episode while others (eg inattention, memory problems) may be more prominent as delirium becomes more embedded / chronic. [see chapter 6 where the symptom profile of resolving delirium is compared with more persistent illness]

(4) To explore whether phenomenological profile measured with the Delirium Rating Scale-Revised version 98 (DRS-R98) can distinguish delirium from dementia, and the extent to which the phenomenological profile of delirium is altered by the presence of comorbid dementia i.e. to what extent are ratings of DRS-R98, CTD are similar in delirium compared with comorbid delirium and dementia. [see chapter 8 where the phenomenological profiles of delirium occurring with and without comorbid dementia, and dementia uncomplicated by delirium are compared] 

(5) To examine whether specific neuropsychological tests that are included in the CTD (e.g. Digit span forwards vs backwards; vigilance; comprehension) can distinguish delirium from dementia. [see chapter 8 where this issue is explored with cross-sectional assessments]

(6) To test the hypothesis that existing methods of defining motor subtypes of delirium lack concordance thus highlighting the need for more reliable and valid means of defining clinical subtypes. [see chapter 9 where the consistency of patient allocation into motor subtypes using four approaches to motor subtype definition is compared]

(7) To identify specific features that are suitable for a novel approach to delirium subtyping by comparing the frequency of items on the Delirium Motoric Checklist (DMC) between delirious patients and non-delirious controls. A method that emphasizes ‘pure’ motor disturbances over associated psychomotoric symptoms can be identified by selecting items that correlate significantly with independently assessed motor activity levels. Factor analysis of candidate items will allow the identification of hypoactive and hyperactive factors that are loaded onto by items suitable for definition of hypoactive and hyperactive subtypes respectively. [these analyses are described in chapter 10]

(8) To test the hypothesis that the severity of many non-motoric symptoms varies according to motoric subtypes (as defined by this new subtyping method) but the severity of core diagnostic features (e.g. attention) does not significantly differ.[see chapter 12 where cross-sectional ratings of neuropsychiatric profile and cognition are compared in 100 patients allocated into different motor subtype categories]

(9) To test the predictive ability of this new subtyping scheme for identifying patient subgroups that differ in relation to key elements of clinical profile, specifically outcome in form of survival time and reversibility of an episode. [ see chapter 14 where outcome is compared for delirious patients of differing motor subtypes]
(10) To examine the extent to which motoric subtypes remain stable over time and specifically to test the hypothesis that delirium tends to become more hypoactive as it becomes more chronic or terminal. [see chapter 13 where the course of motor subtypes over delirium episodes is described for 100 patients]

(11) To explore the relationship between motor subtype expression, etiological underpinnings, and medication exposure over time. [see chapter 14 where the longitudinal expression of motor subtypes, etiology, medication use and general psychopathology are described]
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Introduction to chapters 2-6

Chapters 2-6 of this thesis relate to the general phenomenology of delirium and comprise three data reports and two literature reviews that summarize current knowledge of phenomenology and our approach to the definition of delirium respectively. 

Chapter 2 reports a detailed cross-sectional study of delirium phenomenology in 100 palliative care inpatients with DSM-IV delirium. This includes a more complete range of symptoms than has been assessed in previous work. This chapter addresses the frequency and severity of a broad range of cognitive and non-cognitive features and specifically explores the central position attributed to inattention in the definition of the syndrome of delirium. 

Chapter 3 provides a detailed overview of the phenomenological literature in delirium including all published research up to 2008. This paper describes the considerable potential that such work has to illuminate our understanding of many key issues about delirium as a syndrome and to facilitate more focused studies of pathophysiology, treatment, and outcome. A prescription for future research is described.

Chapter 4 addresses the issue of delirium definition and the challenges in developing criteria that accurately reflect the complex neuropsychiatric syndrome of delirium while also allowing for greater ease of detection and recognition of the many different clinical presentations of delirium. The specific opportunities provided by the process of developing new criteria for ICD-11 are explored.

One of the principal observations of the reviews in chapters 3 and 4 is that there is a serious lack of longitudinal studies of delirium, and specifically serial assessment studies of phenomenological profile. The fluctuating nature of delirium is such that more accurate studies of phenomenological profile require longitudinal assessments over more sustained periods as described in chapters 5 and 6. These use two contrasting approaches to the analysis of longitudinal data that allow the assessment of symptom progression for patients as well as the occurrence of particular clinical presentations over time. These chapters report a cohort of 100 palliative care inpatients with delirium (separate from that in chapter 2) assessed biweekly over the course of their episode. These studies allow the testing of key questions about the course of symptoms over delirium episodes and whether different symptoms follow similar or separate trajectories. This issue is crucial to identifying clinical features that, by virtue of their relative consistency, are most suited to delirium definition and that can facilitate more reliable detection. 

Chapter 2

Phenomenology of delirium. Assessment of 100 adult cases using standardised measures. 
David Meagher1,2,3, Maria Moran1, Bangaru Raju1, Dympna Gibbons1, Sinead Donnelly2, Jean Saunders3, Paula Trzepacz4,5,6,7 (2007). British Journal of Psychiatry 190:135-41.
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Abstract

Background: The phenomenology of delirium is understudied. 

Aims: To investigate the relationship between cognitive and non-cognitive delirium symptoms in adults using validated, standardized tools and test the primacy of inattention in delirium.

Methods : Consecutive cases of DSM-IV delirium (n=100) were assessed using the Delirium Rating Scale-Revised-98 (DRS-R98) and Cognitive Test for Delirium (CTD).  

Results :  DRS-R98 sleep-wake cycle abnormalities (97%) and inattention (97%) were most frequent.  Disorientation (76%) was the least frequent cognitive deficit. Patients with psychotic symptoms (n=49) had either perceptual disturbances or delusions but not both. Thought process abnormality, but not delusions or hallucinations, was associated with cognitive impairments. Cognitive items measured on the CTD and DRS-R98 were closely correlated despite differing time frames. Inattention was associated with severity of other cognitive disturbances on both the DRS-R98 and CTD, but not with DRS-R98 non-cognitive items. CTD comprehension correlated most closely with non-cognitive features of delirium. 

Conclusions : Delirium phenomenology is consistent with broad dysfunction of higher cortical centres, characterised in particular by inattention and sleep-wake cycle disturbance. Attention and comprehension together are the cognitive items that best account for the syndrome of delirium. Psychosis in delirium differs from that in functional psychoses. 

Introduction

Although our understanding of the clinical epidemiology of delirium has advanced considerably over the past decade, greater phenomenological study should allow more targeted studies of underlying mechanisms and therapeutic response. Delirium involves a constellation of symptoms reflecting widespread disruption of higher cortical functions that characteristically occur with an acute onset and fluctuating course. However, the inter-relationship of delirium symptoms and their relevance to etiology, treatment experience, and outcome are poorly understood. Moreover, there is a dearth of research that utilizes validated instruments designed to assess its phenomenological breadth and complexity (Turkel et al, 2006).  

Two validated tools open the way for more detailed phenomenological study of delirium. The Cognitive Test for Delirium (Hart et al 1996) measures five cognitive domains using standard neuropsychological methods. The Delirium Rating Scale-Revised-98 (Trzepacz et al 2001) covers a broad range of delirium symptoms not measured by other delirium instruments including language, thought process, visuospatial ability, and both short and long-term memory.  

We report a two-year study of the frequency and severity of symptoms in 100 cases of delirium occuring in a palliative care setting using the DRS-R98 and the CTD. We explored the interrelationship among delirium symptoms and, by measuring cognition carefully in conjunction with the DRS-R98, tested the primacy of inattention in delirium.

Methods

Design

We conducted a prospective cross-sectional study of delirium symptoms and cognitive performance in consecutive cases of DSM-IV delirium referred from a palliative care inpatient service. Subjects assessed on daily ward rounds by the palliative care team with altered mental state were screened with the Confusion Assessment Method (CAM) - a 4 item instrument based on DSM-III-R criteria (Inouye et al, 1990). Patients were not included if they were imminently dying or where circumstances were too difficult to allow assessment (as per the opinion of the treating medical team) which resulted in a small number (less than 10%) being excluded. During the study period there were 434 new admissions to the unit of which 100 (23.0%) are described herein.

DSM-IV delirium (American Psychiatric Association, 1994) was confirmed by a research physician (either the principal investigator (DJM) or one of three specialist registrars trained to establish acceptable inter-rater reliability). Each case was then assessed by first completing the Delirium Rating Scale-Revised-98 (DRS-R98) (Trzepacz et al, 2001) followed by the Cognitive Test for Delirium (CTD) (Hart et al, 1996). The DRS-R98 rated the preceding 24 hour period whereas the CTD measured cognition at the time of its administration.  CTD responses were not used to rate DRS-R98 items.  Both the DRS-R98 and the CTD are well validated instruments, highly structured and anchored for rating and scoring. 

Consent  

The procedures and rationale for the study were explained to all patients but because patients had DSM-IV delirium at entry into the study it was presumed that most were not capable of giving informed written consent. Because of the non-invasive nature of the study ethics committee approval was given to augment patient assent with proxy consent  from next of kin (where possible) or a responsible caregiver for all participants in accordance with the Helsinki Guidelines for Medical research involving human subjects (World Medical Association, 2004). 

Assessments

Demographic data, psychotropic drug exposure and indicators of possible underlying dementia (suggested by history or investigation) were collected.  Nursing staff were interviewed to assist rating of symptoms over the previous 24 hours.  
Delirium Rating Scale-Revised-98 [DRS-R98](Trzepacz et al, 2001) The original  DRS (Trzepacz et al 1988) is widely used to measure symptom severity in delirium. It has limitations of grouping cognitive disturbances into a single item, does not distinguish motoric disturbances, and does not assess thought process or language disorder.  It has therefore been substantially revised as the DRS-R98 designed for broad phenomenological assessment and serial ratings. The DRS-R98 is a 16-item scale with 13 severity and 3 diagnostic items and it has high interrater reliability, sensitivity and specificity for detecting delirium in mixed neuropsychiatric and other hospital populations (Trzepacz et al 2001). It was validated both as a Total scale (16 items), and Severity scale (13 items) for repeated measures.  Each item is rated 0 (absent/normal) to 3 (severe impairment) with descriptions anchoring each severity level.  Severity scale scores range from 0-39 with higher scores indicating more severe delirium. Delirium typically involves scores above 15 points (Severity scale) or 18 points (Total scale).  For determination of item frequencies in this study, any item scored > 1 was considered as being “present”.

Cognitive Test for Delirium [CTD](Hart et al, 1996) was specifically designed to assess hospitalized delirium patients, in particular those who are intubated or otherwise unable to speak or write.   It assesses five neuropsychological domains (orientation, attention, memory, comprehension, and vigilance) emphasizing nonverbal (visual and auditory) modalities.  Each individual domain is scored from 0-6 by 2 point increments, except for comprehension (single point increments). Total scores range between 0-30 with higher scores indicating better cognitive function.  It reliably differentiates delirium from other neuropsychiatric conditions including dementia, schizophrenia and depression (Hart et al, 1997). 

Performance on individual neuropsychological subtests (e.g. attention) can be scored on a four point scale (6 = normal; 4 = mild inattention; 2 = moderate inattention; 0 = severe inattention). Item severities were used to compare the relationship between individual items of the CTD and DRS-R98 to assess the relationship between cognitive and non-cognitive elements of delirium.

Etiology  

Attribution of etiology based on all available clinical information was made by the palliative care physician according to a standardised Delirium Etiology Checklist (personal communication, Paula Trzepacz) with 12 categories: drug intoxication, drug withdrawal, metabolic/endocrine disturbance, traumatic brain injury, seizures, infection (intracranial), infection (systemic), neoplasm (intracranial), neoplasm (systemic), cerebrovascular, organ insufficiency, other CNS, and other systemic.  The presence and suspected role for multiple potential causes for delirium was documented for each patient and rated on a five-point scale for degree of attribution to the delirium episode, ranging from ruled out/not present/not relevant (0) to definite cause (4).  

Statistical Analyses

Statistical analysis was conducted using the SPSS-10.1 package. Demographic and rating scale data are reported as means plus standard deviation. Continuous variables were compared by one way ANOVA with Tukey’s Honest Significant Difference (HSD) test used for post hoc pairwise comparisons. The severity of categorical and/or quasi-continuous variables such as the individual items of the DRS-R98 and CTD were compared with chi-square analyses.  Pearson correlations were performed between some items and between scale total scores.  Level of significance was determined with a cutoff of 0.05, except where multiple comparisons were made when a Bonferroni correction (p<0.001) was applied. 

Results

The 100 delirious patients were 50% male with a mean age of 70.1 ± 11.5 years. A mean of 3.5  1.3 etiological categories were noted per case with neoplasm (67%), systemic infection (63%), metabolic-endocrine (45%), organ failure (32%), drug intoxication (27%), and CNS lesions (26%) the most common contributing causes.  Patients had a mean DRS-R98 Total score of 21.1  5.5, DRS-R98 Severity score of 16.6  5.5, and a mean CTD score of 14.5  8.1. 

Table 1 depicts cognitive and non-cognitive disturbances assessed with the DRS-R98.  Inattention, diagnostic criterion A of DSM-IV, was present in 97%, while other cognitive items were also common (76-89%), though with disorientation the least frequent.  Among the non-cognitive items, sleep disturbance (97%) and motoric disturbance (62% each for hypoactive and hyperactive items with 31 patients having evidence of both) were high such that 94 patients had evidence of at least some degree of motoric disturbance (as per items 7 and 8 of DRS-R98).  Language and thought process abnormalities were each present in over half but were less common than cognitive symptoms.  Even when only more severe degrees of impairment were considered, attention and sleep-wake cycle items remained highest, each at 73%.

Table 1. Frequency and severity of delirium symptoms as rated with DRS-R98 (n=100)

	DRS-R98 Items
	Present at any severity

%
	Moderate or severe  severity

%

	Neuropsychiatric and Behavioural:
	
	

	1. Sleep-wake cycle disturbance
	97
	73

	2. Perceptual disturbances and hallucinations 
	50
	26

	3. Delusions
	31
	9

	4. Lability of affect
	53
	18

	5. Language 
	57
	25

	6. Thought process abnormalities
	54
	22

	7. Motor agitation
	62
	27

	8. Motor retardation
	62
	37

	Cognitive:
	
	

	9. Orientation
	76
	42

	10. Attention
	97
	73

	11. Short-term memory
	88
	53

	12. Long-term memory
	89
	64

	13. Visuospatial ability
	87
	64


One half (n=49) of patients had evidence of psychosis as defined by a score of 2 or more on item 2 (perceptual disturbances), item 3 (delusions),or item 6 (thought disturbance) on the DRS-R98.  Eighteen of these patients scored 3 on one of these three items indicating florid psychosis. The 49 patients with psychosis were not significantly different from the other 51 patients regarding motoric profile (as per DRS-R98 items 7 and 8), and overall severity of cognitive disturbance (measured by the CTD). They were younger (t=1.9; p=0.05) with higher total DRS-R98 scores (t=-3.8; p<0.001) and more severe affective lability (x2 = 16.1; df = 2; p<0.001). 

Patients with psychosis tended to have disturbance of a single psychotic component, with only 6/49 scoring 2 or more on more than one item. For the whole cohort, DRS items #2 (perceptual disturbance) and #3 (delusions) were not significantly correlated (r=0.16); item #6 (thought disturbance) was not significantly correlated item #2 (r=0.15) or #3 (r= 0.01).  Moreover, when analysis was restricted to patients with psychosis (n=49), thought disturbance and perceptual disturbances were inversely correlated (r=-0.49, p=0.001),  both delusions (r=0.59, p=0.001) and thought disturbance (r=0.35; p=0.01) correlated positively with affective lability  while perceptual disturbance negatively correlated (r=-0.41, p=0.003).

Though neither delusions nor perceptual disturbances correlated significantly with any of the cognitive items of DRS-R98 or CTD, thought process disturbance correlated with impairments of attention (r=-0.46; p=0.001), memory (r=-0.40 ; p<0.01), orientation (r=-0.30; p=0.03), and comprehension (r=-0.28; p=0.05) items on the CTD and attention (r=0.59; p<0.001), orientation (r=0.33; p=0.03), and long-term memory (r=0.34; p=0.03) but not short-term memory or visuospatial function items on the DRS-R98. 

Table 2. Frequency (%) of different severity levels of cognitive dysfunction and mean  SD item scores assessed with the CTD (n=100) where lower scores indicate poorer performance
	CTD Item
	Score 5-6
	Score 3-4
	Score 1-2
	Score 0
	Mean score (range 0-6)

	Orientation
	27
	21
	30
	22
	3.1  2.2

	Attention
	6
	26
	34
	34
	2.1  1.8

	Memory
	16
	34
	19
	31
	2.7  2.2

	Comprehension
	35
	17
	39
	9
	4.4  1.8

	Vigilance
	14
	27
	26
	33
	2.4  2.1



Cognitive dysfunction rated with the CTD is shown in Table 2. This shows widespread impairment of neuropsychological function with the most frequent (94%) and severest impairments in attention and vigilance.  This parallels the DRS-R98 impairments where attention was most often impaired and orientation least impaired, even though these scales were rated independently of one another and for different time frames – DRS-R98 for previous 24 hours and CTD for current performance.  The DRS-R98 attention item includes distractibility and therefore encompasses both attention and vigilance as assessed in the CTD. Corresponding items on the CTD and the DRS-R98 correlated highly: DRS-R98 orientation and CTD orientation(r=-0.75), DRS-R98 attention and CTD attention (r=-0.73), DRS-R98 attention and CTD vigilance (r=-0.60) and CTD memory with DRS-R98 short-term memory (r=-0.47) and long-term memory(r=-0.61). Interestingly, CTD comprehension correlated with DRS-R98 item for language (r=-0.42, p=0.001) but not thought process abnormalities(r=-0.09). 

Table 3. Item scores for DRS-R98 and CTD according to degree of inattention on CTD.  Lower scores are worse on CTD while higher are worse on DRS-R98.

	Items
	CTD attention score 4 or 6 (N=32)
	CTD attention score 2 (N=34)
	CTD attention score 0 (N=34)
	p value*

	DRS-R98:
	
	
	
	

	1. Sleep-wake cycle disturbance
	1.5  0.6
	1.6  0.7
	2.1  0.5
	<0.01

	2. Perceptual disturbances and hallucinations 
	1.0  1.0
	0.6  0.9
	1.0  1.1
	ns

	3. Delusions
	0.4  0.9
	0.5  0.8
	0.4  0.6
	ns

	4. Lability of affect 
	0.6  0.7
	0.7  0.8
	0.8  0.8
	ns

	5. Language
	0.4  0.6
	0.9  0.8
	1.3  1.0
	<0.001

	6. Thought process abnormalities
	0.4  0.6
	0.9  0.8
	1.0  1.0
	<0.01

	7. Motor agitation 
	0.7  0.8
	0.9  0.8
	1.0  0.9
	ns

	8. Motor retardation 
	0.9  0.8
	0.9  0.9
	1.4  1.1
	0.01

	9. Orientation
	0.7  0.7
	1.2  0.9
	1.9  0.7
	<0.001

	10. Attention
	1.2  0.6
	2.0  0.5
	2.6  0.5
	<0.001

	11. Short-term memory 
	1.3  1.0
	1.5  0.7
	2.1  1.0
	 0.001

	12. Long-term memory
	1.4  1.0
	1.9  0.9
	2.4  0.9
	 0.001

	13. Visuospatial ability 
	1.2  1.0
	1.7  0.8
	2.3  0.7
	<0.001

	Severity score
	12.0  4.2
	15.5  4.3
	20.4  4.5
	<0.001

	Severity score minus attention item
	10.8  3.9
	13.5  4.2
	17.8  4.3
	<0.001

	CTD
	
	
	
	

	Orientation
	4.6  1.6
	2.9  2.2
	1.7  1.8
	<0.001

	Comprehension
	5.5  0.8
	4.7  1.2
	3.1  2.1
	<0.001

	Memory
	4.5  1.5
	2.5  1.9
	1.1  1.7
	<0.001

	Vigilance
	4.0  1.8
	2.7  1.6
	0.6  1.4
	<0.001

	Total minus attention item
	18.1  4.5
	12.6  4.5
	6.6  5.4
	<0.001


* Chi-square test for item comparisons and one way ANOVA for total scale scores. Bolded values are after Bonferonni correction.

In view of the central role given to disturbed attention in current delirium descriptions, patients were divided into 3 categories according to the severity of attentional deficit measured using the CTD (score 4-6, n= 32; score 2, n=34; score 0, n= 34). These groups differed for many items (see Table 3), however when significance levels were corrected for multiple comparisons, the degree of inattention was associated with the level of impairment of other cognitive disturbances (rated on both CTD and DRS-R98) but not the non-cognitive DRS-R98 items, except for language (2 = 19.5, df =6, p=0.001).

Table 4. Significance values for relationship between DRS-R98 items and severity levels for individual CTD items (other than CTD attention).  

	DRS-R98 item
	CTD orientation


	CTD 

memory
	CTD comprehension
	CTD vigilance

	1. Sleep-wake cycle disturbance
	0.04
	0.02
	<0.001
	0.02

	2. Perceptual disturbances and  hallucinations 
	ns
	ns
	ns
	ns

	3. Delusions
	ns
	ns
	0.02
	ns

	4. Lability of affect 
	0.02
	0.05
	NS
	ns

	5. Language
	0.05
	<0.001
	<0.001
	<0.001

	6. Thought process abnormalities
	ns
	ns
	0.05
	0.03

	7. Motor agitation 
	ns
	ns
	ns
	ns

	8. Motor retardation 
	ns
	0.003
	<0.001
	0.02

	
	
	
	
	

	9. Orientation
	<0.001
	<0.001
	<0.001
	<0.001

	10. Attention
	<0.001
	<0.001
	<0.001
	<0.001

	11. Short-term memory 
	<0.01
	<0.01
	<0.05
	<0.001

	12. Long-term memory
	<0.001
	<0.001
	NS
	<0.001

	13. Visuospatial ability 
	<0.05
	<0.01
	<0.001
	<0.001

	
	
	
	
	

	Severity score
	<0.001
	<0.01
	<0.01
	ns


P values refer to chi-square test for item comparisons and one way ANOVA for total scores. Bolded values are after Bonferonni correction.

We further examined whether impairment on the other CTD items related to scores on DRS-R98 items as strongly as CTD attention to ascertain whether attention was playing a unique role.  After corrections for multiple comparisons, the severity of vigilance impairment was closely related to all other aspects of cognition but not to non-cognitive items (except for language) and thus mirrored the findings with the CTD attention item (see table 4). Orientation, memory, and comprehension were less strongly associated with DRS-R98 cognitive items. In contrast to attention, severity of comprehension disturbance was associated with the most non-cognitive DRS-R98 symptoms including sleep-wake cycle disturbance, psychomotor retardation, and language difficulties.  These patterns suggest two different domains of delirium symptoms.

Seventeen patients had documented pre-existing cognitive deficits, suggesting their delirium co-occurred with chronic cognitive impairment. These comorbid patients were significantly older, had a greater number of underlying etiologies, and more severe disturbances on the DRS-R98 and CTD than the delirium-only cases (see Table 5). This difference in severity of DRS-R98 scores was accounted for by greater disturbance of the five DRS-R98 cognitive items (t=-2.8, p<0.01) rather than the eight DRS-R98 neuropsychiatric and behavioural items.  

Table 5. Characteristics of patients with delirium (n=83) vs comorbid delirium-dementia (n=17) 

	
	Age**
	Underlying etiologies**
	CTD*
	DRS-R98 Severity*

	Delirium
	68.711.6
	3.31.2
	15.38.1
	15.65.6

	Delirium / dementia
	77.27.8
	4.51.3
	10.47.1
	18.24.4


*P<0.05; **p<0.01

Out of concern that the inclusion of patients (n=17) with comorbid pre-existing cognitive impairment might have influenced findings, analyses were repeated for the pure delirium population (n=83). The findings regarding DRS-R98 item frequencies, patterns of psychosis, and inter-relationship of cognitive items on CTD and DRS-R98 phenomenology were essentially unaltered. 

Discussion

This work investigates a more comprehensive range and specificity of symptoms than previous studies of delirium. We assessed 100 consecutive DSM-IV delirium cases using valid, sensitive, and  standardized instruments designed for detailed phenomenological and neuropsychological delirium evaluation.  We confirmed that delirium is a complex neuropsychiatric syndrome that includes a combination of cognitive, behavioural and psychopathological features. We assessed the frequency and severity of understudied symptoms including visuospatial impairment, disorganised thinking, language impairment, and different components of attention, memory, and  motoric presentations, as well as more detailed evaluation of characteristics of sleep-wake cycle abnormality, perceptual disturbances, and thought process abnormality.  Previous phenomenological work has generally classed symptoms as present or absent without proportioning severity. This can result in more minor disturbances (e.g. of sleep) that are common in all hospitalised patients being rated as equivalent to more significant major disturbances (e.g. sleep-wake cycle reversal) that occur in delirium. 

Our findings support the concept of delirium as primarily a disorder of cognition with prominent disturbance of attention consistent with DSM-IV, but also highlight the frequency of non-cognitive disturbances. Notably, the frequency of sleep and motoric disturbances were higher than previously described using the DRS (Meagher and Trzepacz, 1998).  This may be related to sampling bias in the current study in the hospice setting or to methodological differences between the original DRS and its revised version, or both.

Delirium symptoms can be divided into ‘core’ features that are almost invariably present (disturbances of attention, memory, orientation, language, thought processes, sleep-wake cycle) and ‘associated’ features that are more variable in presentation (e.g. psychotic symptoms, affective disturbances, different motoric profiles) (American Psychiatric Association, 1999; Trzepacz, 1999). Disturbance of attention is a cardinal symptom of delirium and in our analysis associated strongly with all other cognitive deficits and language, but not with most of the non-cognitive features.  Some neurologists have viewed delirium as a disorder of attention. However, the frequency of non-cognitive symptoms and their lack of association with the severity of objectively measured attentional impairment strongly support the view of delirium being a broader neuropsychiatric disorder.   Unfortunately, DSM-IV criteria do not adequately reflect the importance of these other symptoms, for example, sleep-wake cycle disturbance, altered motoric behaviours, and thought content and process abnormalities. Sleep-wake cycle disturbance may underlie the fluctuating nature of delirium severity over a 24-hour period (Balan et al, 2003). 

The pattern of cognitive disruption in delirium

This study confirms delirium as a disorder of global cognition characterised by a prominent disturbance of attention and vigilance. Disorientation was the least frequent cognitive symptom even though many nonpsychiatric physicians rely on bedside tests of orientation to time, place and person as their principal mental status evaluation.  Almost a quarter of our delirious patients had no evidence of disorientation on the DRS-R98 and only 52% had evidence of greater than mild disturbance of orientation on the CTD. The use of disorientation as a key indicator of delirium is thus fraught with the likelihood of missed cases and the use of other, more consistent symptoms (such as inattention) would be a more reliable way of screening for suspected delirium.  

The cognitive impairment of delirium may represent a single construct or a constellation of elements with differing underpinnings.  Poor performance on CTD attention and vigilance items was significantly related to the degree of disturbance on all other cognitive items on both the CTD and DRS-R98, but much less so for non-cognitive items.  Because intact attention is required to recall new information it is unclear whether the short term memory deficits measured on the DRS-R98, tested in verbal modality, and the visual memory deficits measured on the CTD are truly primary memory dysfunctions or secondary to attentional deficits.  DRS-R98 long term memory impairments may be more related to retrieval problems and perhaps less affected by inattention than short term memory for new material. 

Performance on CTD orientation, memory, and comprehension items was significantly related to fewer cognitive items than attention was.  The CTD comprehension item (comprised of a combination of language and executive function) was associated with more non-cognitive DRS-R98 items than the other CTD items and may denote a different domain of delirium symptoms than does attention.  The combination of disturbed attention and comprehension may best represent the underlying disturbances central to overall delirium phenomenology. 

Visuospatial abnormalities are not usually measured in delirium assessments  even though they may underlie problems of wandering and poor environmental interactions.  Mean visuospatial ability scores were almost as impaired as attention, and CTD attention is measured in a visuospatial modality.  This overlap may reflect the shared role of the nondominant posterior parietal cortex in both attention and visuospatial functions (Trzepacz 1999).

Despite an enduring emphasis on the characteristic fluctuating nature of delirium, this has not been directly studied. Ratings of equivalent cognitive items on the DRS-R98 and CTD highly correlated (inversely as expected) despite one being a symptom rating scale evaluating a 24-hour period and the other a cognitive test measuring current status. This suggests that certain delirium symptoms – cognition and language - are not as fluctuating as previously described, though this requires further scrutiny with serial measurement over relatively short periods of time. 

Psychotic symptoms

The significance of psychotic symptoms in delirium remains unclear. It is not known whether patients develop these features due to specific etiological physiologies, cognitive impairment with misunderstanding of the external environment, misperceptions, part of mood disturbances, or some other aspect of individual patient vulnerability (Francis, 1992). We found that thought process abnormalities but not delusions or perceptual disturbances correlated with overall cognitive impairment. Both delusions and thought disorder correlated with affective lability though perceptual disturbance was inversely correlated to both thought disorder and affective lability. Previous work comparing psychosis of delirium with that of schizophrenia found that in delirium thought content disturbances tend to involve themes from the immediate environment and circumstances, hallucinations  frequently involve visual rather than auditory modalities, and formal thought disorder typically comprises poverty of thinking and illogicality (Cutting, 1987). We found little relationship among the three elements of psychosis in delirium, as suggested by previous work (Trzepacz and Dew, 1995). This contrasts with functional psychotic illness where closer relationships have been identified (O’Leary et al, 2000; Meagher et al, 2004). The psychosis of delirium also differs from dementia where psychotic symptoms are less common despite the shared generalised nature of brain impairment and psychosis is associated with degree and rate of decline in cognition (Levy et al, 1996; Aalten et al, 2005). These differences may have important implications for delirium neuropathophysiology.

Psychotic symptoms are considered particularly common in hyperactive delirium patients, such as delirium tremens, but also occur in hypoactive presentations. We did not find a relationship between psychosis and motoric items, highlighting that patients with quieter presentations also experience disturbing psychotic symptoms.   

Advancing the concept of delirium post DSM IV

The concept of delirium has evolved considerably over the past 25 years. This is reflected in recent studies comparing diagnostic frequency when DSM-III, DSM-IIIR, DSM-IV, and ICD-10 criteria are applied to single populations (Laurila et al, 2003; Cole et al, 2003). Future descriptions will allow further refinement of the syndrome in keeping with emerging evidence and need to account for key phenomenological issues that include: (1) Delirium detection and diagnosis is confounded by inadequate appreciation of variations in presentation and breadth of symptoms; (2) Core features used to define delirium should be readily detectable and occur with consistency. Over-reliance on less common symptoms contributes to non-detection that in turn hampers clinical and research efforts; (3) Core defining features should differentiate delirium from other neuropsychiatric disorders, especially dementia. 

Study Limitations

Cross-sectional designs do not examine symptom evolution or whether domains of symptoms vary as overall  severity changes. Longitudinal studies suggest that early delirium is characterised by psychomotor disturbances and disrupted sleep-wake cycle (Fann et al, 2005 ) and that orientation difficulties, inattention, poor memory, emotional lability, and sleep disturbances are more persistent symptoms (Levkoff et al, 1994; McCusker et al, 2003 ). 

Secondly, the inclusion of patients with dementia might impact upon the clinical profile but our study suggests little discernible effect when analyses were repeated for the pure-delirium population. It appears that delirium phenomenology is little altered by the presence of dementia (Trzepacz et al, 1998) and that delirium symptoms tend to overshadow dementia when they co-exist although these symptoms do occur in the context of greater overall cognitive impairment. Equally, it should be recognised that in order to be truly representative of delirium, studies need to include patients with concomitant dementia in recognition of the substantial comorbidity between the two conditions. 

This study describes delirium phenomenology in a palliative care population, which may limit its generalisability to other delirious populations. Delirium is considered a unitary syndrome with a stereotyped constellation of symptoms thought to reflect disturbance of a final common neural pathway (Trzepacz 1999). Moreover, the term has subsumed the many synonyms that have been used to denote acute generalised cognitive disturbances in various settings that were not based on scientific evidence. Nonetheless, clinical profile may be impacted by factors that characterize different etiological or treatment settings but single studies have not compared symptom profile across patient groups. Delirium occurring in cancer patients tends to be particularly multifactorial in causation with hypoactive motoric presentations especially common (Morita et al, 2001; Centeno et al, 2004; Spiller and Keen, 2006). The population studied herein included patients with a broad range of relevant etiologies and medication exposures, many with significant psychotropic effects that could alter clinical presentation. Further studies are needed to explore the impact of etiological, treatment and other individual patient factors on the clinical presentation of delirium.
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Abstract

Objectives : This review focuses on phenomenological studies of delirium, including subsyndromal and prodromal concepts, and their relevance to other elements of clinical profile.

Methods : A medline search using the key words ‘delirium’, ‘phenomenology’  and ‘symptoms’ for new data articles published in English between 1998 and 2008. The search was supplemented by additional material not identified by Medline but known to the authors.
Results : Understanding of prodromal and subsyndromal concepts is still in its infancy. The characteristic profile can differentiate delirium from other neuropsychiatric disorders. Clinical (motoric) subtyping holds potential but more consistent methods are needed. Studies are almost entirely cross-sectional in design and generally lack comprehensive symptom assessment. Multiple assessment tools are available but are oriented towards hyperactive features and few have demonstrated ability to distinguish delirium from dementia. There is insufficient evidence linking specific phenomenology with etiology, pathophysiology, management, course and outcome.

Conclusions : Despite the major advances of the past decade in many aspects of delirium research, further phenomenological work is crucial to targeting studies of causation, pathophysiology, treatment and prognosis. We identified eight key areas for future studies.

Introduction 

Delirium is a complex neuropsychiatric syndrome of multifactorial etiology and protean manifestations. Its phenomenological presentation is highly variable and differs according to etiological causation, underlying pathophysiology, management, and course (Meagher and Trzepacz, 1998). We review how studies of the past decade have illuminated our understanding of delirium and consider methodological issues for further phenomenological studies including instrumentation and study design. Key areas for further study are highlighted.

Figure 1. Process of article selection

[image: image35.wmf]0

5

10

15

20

25

30

35

40

45

Cutoff1

Cutoff2

Cutoff3

Cutoff4

No subtype

Hypo

Mix

Hyper

[image: image36.wmf]0

5

10

15

20

25

30

35

Cutoff1

Cutoff2

No Subtype

Hypo

Mixed

Hyper

[image: image37.wmf]Figure 1.

0

20

40

60

80

100

120

1

2

3

4

5

6

7

8

9

number of assessments

Number

 of 

patients

[image: image38.wmf]0

0.5

1

1.5

2

2.5

Sleep-wake cycle

Hallucinations

Delusions

Affective lability

language

Thought process abnormality

Agitation

Retardation

Orientation

Attention

STM

LTM

Visuospatial

No subtype

throughout

Hypoactive

subtype

throughout

Mixed subtype

throughout

Hyperactive

subtype

throughout

Variable subtype

course

[image: image39.emf]0

500

1000

1500

2000

2500

1 2 3 4

1980-1999

Delirium

Dementia

Parkinson's

disease

[image: image40.wmf]100

200

300

400

500

600

700

800

900

1995-

96

1997-

98

1999-

2000

2001-

02

2003-

04 

2005-

06

2007-

'08

[image: image41.wmf]0

0.5

1

1.5

2

2.5

3

Sleep-wake cycle

Halluc

Delusions

Affective lability

language

Thought

Agitation

Retardation

Orientation

Attention

STM

LTM

Visuospatial

First

Second

Third

Fourth

Fifth

Sixth

[image: image42.wmf]0

5

10

15

20

25

30

35

40

45

Cutoff1

Cutoff2

Cutoff3

Cutoff4

No subtype

Hypo

Mix

Hyper

[image: image43.wmf]0

5

10

15

20

25

30

35

Cutoff1

Cutoff2

No Subtype

Hypo

Mixed

Hyper

[image: image44.wmf]Figure 1.

0

20

40

60

80

100

120

1

2

3

4

5

6

7

8

9

number of assessments

Number

 of 

patients


[image: image45.wmf]0

0.5

1

1.5

2

2.5

Sleep-wake cycle

Hallucinations

Delusions

Affective lability

language

Thought process abnormality

Agitation

Retardation

Orientation

Attention

STM

LTM

Visuospatial

No subtype

throughout

Hypoactive

subtype

throughout

Mixed subtype

throughout

Hyperactive

subtype

throughout

Variable subtype

course


Method

A Medline search for english language articles using the key words ‘delirium’, ‘symptoms’ or ‘phenomenology’ published during the ten years since the previous review by Meagher and Trzepacz (1998) identified 1267 articles. When only those reporting new data about either DSM-IIIR and subsequent versions or ICD-10 delirium were considered 195 articles remained of which 47 papers were selected for the review (see Figure 1). 15 additional articles were not identified by this search method but were known to the authors due to their interest in the area. 

The phenomenological complexity of delirium

Delirium involves a wide range of cognitive disturbances and non-cognitive neuropsychiatric symptoms across the domains of motor behaviour, sleep-wake cycle, affective expression, perception and thinking. This broad phenomenological range reflects generalised disruption of brain function and can mimic many other  neuropsychiatric disorders. Despite the variety of causes, delirium has a consistent presentation that reflects dysfunction of a final common neural pathway (Trzepacz, 1999). Understanding particular symptom frequencies and patterns can provide important clues regarding neurobiological underpinnings (Trzepacz, 1994). Delirium includes essential diagnostic symptoms (e.g. inattention, disorganised thinking), core features that are consistent in presentation (e.g. sleep-wake cycle disturbances, motor activity changes), as well as other features that are more variable (e.g. psychosis, affective changes) and reflects the influence of particular etiologies, comorbidities, medical treatments, or individual patient vulnerabilities (see Table 1). 

Historically, ‘clouding of consciousness’ has been used to describe cognitive impairment in delirium but is a vague concept that reflects impairment in a number of cognitive domains including attention, alertness, vigilance, and comprehension. Attention is impaired in all of its aspects such that delirious patients have difficulty in mobilizing, shifting, and sustaining attention (Lipowski, 1990). Inattention is a consistent feature, crucial to diagnosis, but also highly prevalent in patients who have subsyndromal illness or syndromal delirium with few symptoms (Marquis et al, 2007). Attention correlates highly with other elements of cognition but is disproportionately affected (Meagher et al, 2007). Short and long-term memory, orientation, comprehension, vigilance, visuospatial ability and executive function are also impaired. Both short and long-term memory are impaired but there is particular disruption of recent memory due to diminished capacity to incorporate new experience. Disorientation to time, place and identity of others is common and is often used to screen for disturbed cognition in clinical settings. This is prone to inaccuracy due to the fluctuating nature of orientation as a symptom. Visuospatial disturbances impair patient functionality in ward environments. Constructional apraxia measured on the Clock Drawing Test is sensitive to cognitive impairment in general but lacks specificity for delirium (Adamis et al, 2005). 

Table 1: Frequency of phenomenological manifestations in delirium*

	A. CORE DIAGNOSTIC FEATURES

	Attentional Deficits (97%-100%)

	Thought process abnormalities (54%-79%)

	B. OTHER CORE SYMPTOMS

	Disorientation (76%-96%)

	Memory deficits (88%-96%)

	Sleep-Wake cycle disturbances (92%-97%)

	Motoric alterations (24%-94%)

	Language disturbances (57%-67%)

	C. NON-CORE SYMPTOMS

	Perceptual disturbances (50%-63%)

	Delusions (21%-31%)

	Affective changes (43%-86%)


[*Meagher et al, 2007; Webster and Holyrod, 2000; Meagher et al, 2000; Cutting, 1987; Ross et al, 1991; Treloar and Macdonald, 1987; Marcantonio et al, 2003; Fann et al, 2005; Sirois, 1988; de Jonghe et al, 2007; Cole et al, 2002; Trzepacz et al, 1998; Voyer et al, 2006; Rockwood, 1993, Turkel et al, 2006; Leentjens et al, 2008, Morita et al, 2001; Wada and Yamaguchi, 1993; Rudberg et al, 1997; van der Mast, 1994; Laurila, 2004]

Speech and language disturbances (abnormal semantic content, dysnomia, paraphasias,  incoherence,  word-finding difficulties) are common (Trzepacz and Meagher, 2007). Disorganization of thinking (tangentiality, loosened associations, circumstantiality) is a key diagnostic indicator but the frequency of different forms of thought disorder is less well studied. Various forms of dysgraphia (spelling errors, jagged writing, and constructional dyspraxis) may assist delirium detection (Baranowski and Patten, 2000). Sleep-wake cycle disturbances range from napping and nocturnal disruptions to severe disintegration of the normal circadian cycle. Motoric disturbances range from hyperactive’ to hypoactive’ (Meagher and Trzepacz, 2000).

Psychotic features, such as hallucinations and delusions, complicate approximately 50% of cases (Webster and Holyrod, 2000; Eriksson et al, 2002), are more common in hyperactive presentations but also occur in hypoactive patients (Breitbart et al, 2002; Meagher et al, 2000). Hallucinations are commonly visual, while delusional content involves misidentifications, themes of imminent danger, or of bizarre happenings in the immediate environment (Cutting, 1987). Affective lability is typical of delirium but recent studies have highlighted the frequency of more sustained mood disturbances that complicate differentiation from hypomania in agitated cases and depression in hypoactive presentations (Eriksson et al, 2002; Leonard et al, 2009).

Clinical subtypes 

Disturbances of motor behaviour in delirium are almost invariably present (Marquis et al, 2007; Meagher et al, 2007) and highly visible. Almost thirty studies exist and suggest that motorically-defined clinical subtypes of delirium differ with regard to presence of non-motoric symptoms (Meagher et al, 2000), etiology (Ross et al, 1991; Meagher et al, 1998), pathophysiology (Balan et al, 2003; van der Cammen et al, 2006), detection rates (Inouye et al, 1994), treatment experience (Meagher et al, 1996; Breitbart et al, 2002), episode duration and outcome (O’Keeffe and Lavan, 1999; Liptzin and Levkoff, 1992; Treloar and MacDonald, 1997). However, findings have been inconsistent with better prognosis variously identified in hypoactive patients (Marcantonio et al, 2002) hyperactive presentations (Liptzin and Levkoff, 1992; Olofsson et al, 1996) or in patients without disturbed motor behaviour (Kiely et al, 2007).

Various definitions for motor subtypes exist; Lipowski (1983) described ‘hyperactive’ and ‘hypoactive’ psychomotoric presentations and later added  a third ‘mixed’ category where elements of both occur within short time frames (Lipowski, 1989). Liptzin and Levkoff (1992) specified criteria based on activity and associated psychomotoric behaviours. O’Keeffe and Lavan (1999) adapted items from the Brief Psychiatric Rating Scale to describe subtypes according to activity within the first 48 hours of delirium. Other approaches include the use of symptom items from the Memorial Delirium Assessment Scale (Breitbart et al, 1997), the Delirium Rating Scale (Trzepacz et al, 1988), and its recent revision (DRS-R98)(Trzepacz et al, 2001), as well as visual analog scales (Ross et al, 1991) and ‘clinical impression’ (Olofsson et al, 1996).

The comparability of existing studies of motorically-defined subtypes is limited. Recent work identified only 34% concordance between four commonly used subtyping methods (Meagher et al, 2008). Greater focus on ‘pure’ motor features and correlation with independent measures of motor behaviour can validate  subtyping methods. Electronic motion analysis (accelerometry) concurs with observed gross movement and distinguishes subtypes with regard to quantitative and qualitative movement (Leonard et al, 2007).

There is little information about the longitudinal course of motor profile in delirium and to date studies have not assessed subtype stability over time. Marcantonio and colleagues (2003) studied delirium symptom persistence over a week in elderly patients and found that both lethargy and restlessness remained stable in most (95%) patients. Fann and coworkers (2005) found great consistency in psychomotor disturbance in the 30 days after stem cell transplantation.  
Sub-syndromal illness

Accumulating evidence points towards a diagnostic spectrum of delirium. Sub-syndromal delirium (SSD) was first described by Lipowski (1983) and subsequently it has been defined by presence of any core delirium symptoms or  severity scores on rating scales that are below diagnostic threshold (Levkoff et al, 1996; Cole et al, 2003; Dosa et al, 2007; Marcantonio et al, 2005; Ouimet et al, 2007). Prevalence rates of 30– 50% have been reported in intensive care unit and post acute nursing home facilities with SSD subjects having intermediate outcomes (in terms of morbidity, mortality and length of hospital stay) between those with and without delirium (Marcantonio et al, 2005; Ouimet et al, 2007). 

SSD may reflect the impact of different predisposing (e.g. dementia) and precipitating factors (e.g. trauma) upon neuropsychiatric profile. Hypoactive patients may be overrepresented because they are too ill to present the overactive behaviours that are scored on severity rating scales. Greater clarity regarding the diagnosis of sub-syndromal delirium, including the relevance of individual symptoms is needed. 

Prodromal phase


A Prodromal phase can occur before full syndromal illness becomes evident. This varies from hours to days or even weeks and includes difficulty concentrating, sleep disturbances-, vivid dreams, disorientation, tiredness, irritability, restlessness, anxiety, depression or noise sensitivity. Sirois (1988) reported that headaches and general uneasiness were common prior to manifest delirium. Duppils and Wikblad (2004) found that anxiety, frequent calls for assistance, disorientation, psychomotor restlessness and inattention were prevalent in 62% of hip fracture patients for 48 hours before developing delirium. De Jonghe et al (2007) studied  delirium symptom emergence in post-operative hip-surgery patients using the DRS-R98; memory impairment, disorientation and formal thought disorder predicted delirium independent of baseline risk factors. Greater awareness of the early signs of delirium can inform our understanding of neuropathogenesis  and allow earlier detection of those at risk. 

Assessment Tools


Assessment tools can facilitate improved recognition and differential diagnosis, monitor symptom severity and assess treatment response. Delirium diagnosis is based on a clinical interview with the patient, discussion with relatives and nursing staff, and medical note review. This can be supplemented by specific symptom assessment tools. Electroencephalography (EEG) typically shows slow wave activity in delirium patients (Plaschke et al, 2007) and can assist diagnosis in difficult cases, including the differentiation of delirium comorbid with dementia from dementia alone (Thomas et al, 2008) 

Delirium symptom rating scales have advantages over clinical observations in terms of objectivity, standardisation, and the availability of normative data. Screening scales include the Confusion Assessment Method (CAM)(Inouye et al, 1990), the Delirium Symptom Interview (DSI)(Albert et al, 1992),  The Neecham Confusion Scale(Neelon et al, 1996), the Cognitive Test for Delirium (CTD)(Hart et al, 1996), and the Delirium Observation Scale (DOS)(Schurmanns et al, 2003). The Delirium Rating Scale revised version (DRS-R-98)(Trzepacz et al, 2001) is the most frequently used severity measure. Other valid and reliable severity measures include the Memorial Delirium Assessment Scale (MDAS)(Breitbart et al, 1997), Confusional State Evaluation (CSE)(Robertsson et al, 1997), Delirium Severity Scale (DSS)(McCusker et al, 1998), Delirium Index (DI) (McCusker et al, 2004), and the Delirium-0-Meter (de Jonghe et al, 2005). One criticism of these scales is the bias towards hyperactive delirium symptomatology. Moreover, only three tools have been validated for their ability to distinguish delirium from dementia; the DRS (Trzepacz et al, 1988), DRS-R98 (Trzepacz et al, 2001), and CTD (Hart et al, 1996).

Differential diagnosis   

The phenomenological complexity of delirium brings with it a wide differential diagnosis that includes the dementias, functional psychosis, and depression. The distinction from dementia is complicated by high comorbidity with 22-89% cases of dementia complicated by delirium (Fick et al, 2002). In general, the characteristic features of delirium (abrupt onset, fluctuating course, disturbed consciousness and inattention) are absent in Alzheimer’s dementia where memory impairment is the cardinal feature. Sleep-wake cycle disruption, psychotic symptoms and thought disturbances are more suggestive of delirium (Liptzin et al, 1993; Laurila et al, 2004a) while studies exploring the influence of comorbid dementia on delirium presentation indicate that delirium symptoms dominate but with greater cognitive disturbance and disorganised thinking in comorbid cases (Trzepacz et al, 1998; Cole et al, 2002; Laurila et al, 2004b; Voyer et al, 2006). There is a paucity of studies comparing neuropsychiatric profile in delirium versus dementia complicated by behavioural and psychological symptoms. Differentiation from Lewy Body dementia (DLB) is particularly challenging because disturbed attention, visual hallucinations and symptom fluctuation are common features of DLB but neuroleptic sensitivity, autonomic dysfunction, and systematized delusions are infrequent in delirium compared with DLB (McKeith et al, 2004).  Because  delirium represents a medical emergency, acute alterations of  mental state should be assumed to be delirium until proven otherwise (Trzepacz and Meagher,  2007).

Depression is a common differential for ‘hypoactive’ delirium. In major depression, symptom onset is less acute, mood disturbances are more sustained and typically dominate the clinical picture, with cognitive impairments indicative of ‘pseudodementia’. Symptoms of major depression occur in delirium (e.g., psychomotor slowing, sleep disturbances, thoughts of death) but affective lability is the characteristic disturbance (Leonard et al, 2008). Hyperactive delirium can mimic agitated depression or mania but the widespread and profound cognitive changes characteristic of delirium along with the context of illness usually allow differentiation.

In contrast to the complex, often systematized delusional beliefs characteristic of schizophrenia, delusions in delirium tend to be simple or fragmented and first-rank symptoms are uncommon (Cutting, 1987). In delirium, illusions, depersonalization, and derealization are common and hallucinations tend to be visual (and/or tactile) rather than auditory. Disorganized thinking may help in distinguishing from psychosis (Cutting, 1987; Rockwood, 1993; Meagher and Trzepacz, 2007), though well designed studies are lacking.

Relevance of phenomenology to other elements of clinical profile 

Delirium presentation varies across age groups. Younger patients experience  a similar range of symptoms as in adults but with less frequent delusions and greater  symptom fluctuation, sleep-wake cycle disturbance, affective lability and  agitation (Turkel et al, 2006). Conversely, Leentjens et al (2008) found more acute onset, more severe perceptual disturbances and delusions, lability of mood and agitation but with less severe cognitive deficits, sleep-wake cycle disturbance, and symptom fluctuation in childhood delirium compared with adults while adult and geriatric delirium differed in relation to  more severe cognitive symptoms in geriatric delirium  This may reflect differences in brain function across the age span with developmental immaturity in children, functional decline in old age, differences in expression of distress, and differences in etiology, medical treatments, and reaction to hospitalisation. 

Delirium typically involves multiple causes interacting to produce a fluctuating clinical presentation. The classical stereotype of agitated delirium with psychotic features is linked to substance withdrawal but psychotic symptoms occur with many etiologies, including those associated with quieter presentations. Hyperactivity is more common with substance-related delirium and hypoactivity with metabolic causes and organ failure (Ross et al, 1991; O’Keeffe and Lavan, 1999; Olofsson et al, 1996; Meagher et al, 1998; Morita et al, 2001).  The temporal relationship between etiology and phenomenology is unstudied despite its potential to illuminate pathogenesis and improve management.  

Although delirium is a unitary syndrome, particular phenomenological profiles may reflect differing pathophysiological underpinnings. Localised  neuroanatomical lesions are linked with particular presentations e.g. marked inattention is associated with disturbances in the nondominant posterior parietal and prefrontal cortices, brainstem and anteromedial thalamus (Trzepacz and Meagher, 2007).  Simple visual hallucinations suggest dysfunction of the primary visual cortex whereas more complex ones implicate the temporal or fusiform regions (Trzepacz, 1994). Sleep disturbances may be related to disturbed melatonin metabolism (Charlton and Kavanau, 2002; Shigeta et al, 2001). Hyperactivity has been linked with middle temporal gyrus damage and  hypoactivity with frontostriatal injury (Mori and Yamadori, 1987). 

The phenomenological presentation of alcohol-related delirium may be influenced by genetic factors. Visual hallucinations during alcohol-withdrawal delirium are more common  in subjects with polymorphisms of genes coding for the dopamine transporter (Limosin et al, 2004), CCK A receptor (Okubo et al, 2002), COMT (Nakamura et al, 2001), and NRH-quinone oxidoreductase-2 (Okubo et al, 2003). Future work should consider such factors in non-alcohol-related illness. Cerebrospinal fluid homovanillic acid levels correlate with delusions and hallucinations (Ramirez-Bermudez et al, 2008). Future studies of delirium pathophysiology should incorporate assessment of individual symptoms and/or symptom clusters.

Pharmacological management varies with  phenomenological presentation, with greater use of antipsychotic agents in agitated patients despite  evidence indicating usefulness in hypoactive patients (Breitbart et al, 2002; Platt et al, 1994; Ito and Okubo, 2007; Boettger et al, 2007) and effectiveness is not limited to patients with psychotic features (Meagher and Leonard, 2008). The extent to which particular symptoms indicate greater treatment responsiveness is unclear but the typical criterion for response ((50% improvement in DRS-R98 scores) requires improvement across a broad range of symptoms and therefore improvements cannot be merely due to improvements in sleep, psychosis or motor activity. 

Delirium duration is predicted by severity of cognitive disturbance, mood lability, and sleep-wake cycle disruption (Wada and Yamaguchi, 1993; Rudberg et al, 1997). Recovery at four weeks was predicted by greater hyperactivity and inattention but less severe disorientation (Cole et al, 2007). Treloar and Macdonald (1987) found the reversibility of delirium predicted by severity of motor activity, speech and thought disturbances, and fluctuating course. Fann et al (2005) found that psychomotor changes, sleep-wake cycle disturbance, and psychotic symptoms dominated early on  while cognitive impairment peaked at one week and dominated thereafter. Kiely et al (2007) studied elderly patients with delirium in postacute facilities and found that one year mortality was predicted by severity of motor disturbance. The prognostic relevance of individual symptoms across different populations and followed over the course of delirium episodes requires further study.

Exisiting studies of delirium phenomenology


An important shortcoming of exisiting work is that the majority of studies have not used instrumentation that captures the breadth of delirium as a syndrome. However, the development of standardised and validated tools such as the Memorial Delirium Assessment Scale [MDAS], the Revised Delirium Rating Scale [DRS-R98], and the Cognitive Test for Delirium [CTD], have allowed better understanding of  the importance of particular features ; not only is sleep-wake cycle disturbance almost invariable in delirium, but the severity and type of disturbances [fragmentation, cycle reversal] differ considerably from the milder sleep disturbances common in non-delirious hospitalised elderly prompting some to advocate delirium as a disorder of circadian rhythm (Matsushima et al, 1997). More detailed phenomenological studies can clarify suitable features for diagnosis and detection; Bosisio and coworkers (2006) compared delirium and non-delirious patients with a variety of psychiatric diagnoses and found that most DRS and MDAS items were more common in delirium, especially general cognitive function, sleep and psychomotor disturbance, while perceptual disturbances and delusions were least discriminating.

Studies are almost entirely cross-sectional in design, and thus cannot account for the complex and varying nature of delirium phenomenology over time. The fluctuating nature of delirium is a key diagnostic criterion in both ICD-10 and DSM-IV definitions (WHO, 1993; American Psychiatric Association, 1994). Some existing work indicates that individual symptoms follow separate trajectories. A prospective study of stem cell transplantation patients found that non-cognitive features dominated in the early stages of delirium while cognitive impairment peaked after one week and dominated thereafter (Fann et al, 2005). Meagher et al (2007) found disorientation much less consistent than other cognitive elements over a 24-hour period in a palliative care population. Subsequent work involving biweekly assessments demonstrated considerable symptom variation with inattention the most consistent feature over episode course (Leonard et al, 2007). Key outstanding issues for longitudinal studies are whether early presentation predicts course and whether symptoms follow a unitary or more varied trajectory over time. Such work can identify features that are more consistent (and therefore useful for detection purposes) as well as providing clues regarding shared pathophysiological underpinnings.

The usefulness of factor analysis in exploring the relationship between symptoms in complex disorders is predicated on adequately accounting for the phenomenological breadth of the syndrome. Studies to date (see Table 2) have identified 2-3 factor solutions with typically a composite cognitive and one or more neurobehavioural factors. However, no single study has included a comprehensive assessment of the range of cognitive, neuropsychiatric and behavioural symptoms that can occur and as such existing studies may have oversimplified the factor structure of delirium phenomenology.

Table 2. Factor analytic studies of delirium symptoms
	Study
	N
	Population
	Instruments
	Findings

	Van Der Mast (1994)
	36
	Post-cardiotomy inpatients
	DRS
	3-factor solution

	Trzepacz and Dew (1995)
	20
	General hospital inpatients
	DRS
	2-factor solution

	Trzepacz et al (1998)
	18 and 43
	Consecutive admissions to geriatric unit
	DRS
	2-factor solution for both delirious and delirious-demented populations

	Camus et al (2000)
	154
	Psychogeriatric consultations
	Medical Confusion scale
	5-factor solution

	Lawlor et al (2000)
	56
	Consecutive admissions to a palliative care unit
	MDAS
	2-factor solution

	Grassi et al (2001)
	105
	Neuropsychiatric referrals of cancer patients 
	DRS

MDAS
	3-factor solution for DRS

2-factor solution for MDAS

	Johansson et al (2002)
	73
	Post-operative hip fracture patients
	NEECHAM
	3-factor solution

	Saravay et al (2004)
	109 
	Mixed delirium and dementia patients
	MMSE, DRS

Blessed Dementia Rating Scale
	2-factor solution

	Fann et al (2005)
	64
	Stem cell transplantation patients
	DRS 

MDAS
	3-factor solution

	de Jonghe et al (2005)
	92
	Elderly general hospital patients
	Delirium-O-Meter  (DOM)


	2-factor solution for DOM


.

[Fann et al, 2005; de Jonghe et al, 2007; van der Mast, 1994; Trzepacz and dew, 1995; Camus et al, 2000; Lawlor et al, 2000; Grassi et al, 2001; Johansson et al, 2002; Saravay et al, 2004]

Future Directions


Phenomenological work is crucial to targeting studies of causation, pathophysiology, treatment needs and prognosis. A decade ago, Meagher and Trzepacz (1998) outlined a plan for phenomenological studies of delirium and although there has been progress, there remains a need for studies that  :

(1) Document the course of individual delirium symptoms with longitudinal studies.

(2) Delineate prodromal and sub-syndromal concepts.

(3) Identify features that can assist detection across different populations 

(4) Clarify the clinical relevance and stability of motor subtypes with longitudinal studies.

(5) Identify correlates between symptom profile and etiology, pathophysiology, treatment and course. 

(6) Explore the relevance of comorbidity (e.g. dementias) and medication exposure 

(7) Investigate the impact of genetic factors on symptom profile in non-alcohol related delirium.

(8) Explore variations in presentation across different patient populations, treatment settings and cultures.
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Introduction

Acute disturbance of mental status in the context of illness, stress, or drug intoxication has been recognised as an entity for millennia. However only with the development of a clear definition and diagnostic criteria has delirium begun to receive the clinical and research attention that it warrants. The syndromal nature of delirium means that diagnostic criteria are subject to testing and refinement as new data emerge. The past decade has witnessed considerable research activity relevant to delirium and as a consequence the task of updating the existing International Classification of Diseases (ICD) definition by the World Health Organization (1993) provides an opportunity to develop the concept and address shortcomings of the present definition according to data rather than mere expert opinion. This process must be sensitive to the current definition, so that existing research maintains generalisability, as well as allow closer alignment with the Diagnostic and Statistical Manual of Mental Disorders (DSM) system. Moreover, developments in relation to the dementias also require that the interface between these connected disorders be addressed. Finally, an updated definition must be operationalised such that delirium can be reliably detected in clinical practice as well as research. The purpose of this article is to consider evidence that can inform the revision process for the definition of delirium for ICD-11, and to raise issues for discussion.

Delirium does not have any pathognomic feature and instead the diagnosis is based upon characteristic symptoms occurring in a context that is highly suggestive. The definition of delirium must therefore combine key clinical symptoms and signs with required contextual items. Delirium is frequently comorbid with pre-existing cognitive problems and occurs in the context of precipitating illness, other forms of stress (e.g. postoperatively), and drug intoxication. A challenge in definition is to account for this complex clinical picture that varies with causation and across treatment settings. Although delirium is a complex disorder, clinicians and researchers need criteria that are robust, reliable, objective and as simple as possible.  It is essential to have criteria that have utility in real-world settings, make diagnosis of milder and less obvious forms easy, but can identify those with poor outcome across different populations.

ICD-10 

The existing ICD-10 definition of delirium (WHO, 1993) includes different criteria for clinical and research use both of which include a broad range of features that capture the phenomenological complexity of the syndrome. It therefore contrasts with the DSM-IV (APA, 1994) definition which does not mention characteristic features such as disturbances of sleep-wake cycle and motor activity. However, the ICD-10 criteria for delirium have not been preferred by researchers, principally because they require the presence of so many features, many of which are highly variable in their frequency (e.g. affective changes, perceptual disturbances). This shortcoming has been highlighted by a number of studies indicating that the ICD-10 criteria lack sensitivity and exclude many patients that would be classified as delirious by DSM systems and who have similar clinical profiles and prognosis as delirium (Laurila et al, 2004a; Cole et al, 2003). This lack of inclusivity could be addressed by simplifying the definition to emphasise the distinction between required (invariable) features versus suggestive features that are typically present but that are not mandatory for the diagnosis.

Sources of information in determining delirium caseness 
Making a diagnosis of delirium usually requires gathering information from multiple sources. A patient’s mental status can be assessed by observation, interview, and formal cognitive testing. Further information regarding the course of any deficits is gleaned from the observer’s knowledge of the patient, clinical notes, other staff, carers, etc. Specifying the type and quality of this information is important. Delirium presents special challenges here. Because delirium symptoms fluctuate, a patient can be orientated to time person and place when formally assessed at the bedside, for example on a morning ward round, while the clinical notes indicate that the patient was disorientated, paranoid and agitated just hours earlier during the night. This raises the question of whether a patient can be diagnosed with current delirium if they do not exhibit inattention and cognitive deficits in a single, brief assessment. Revised criteria might address the time-frames over which delirium can be diagnosed, and the extent to which third-party information contributes to the diagnosis.

Another important issue with respect to information gathering relates to the status of information derived from patient interviews. Patients who are drowsy may not be able to answer questions regarding their symptoms, and patients with memory impairment may not recall disturbances of perception or thought content. Positive features of delirium derived from a patient’s account of their symptoms would appear to be specific, but not a sensitive indicator of delirium, and so cannot be relied upon as core diagnostic or severity markers. 

Revised diagnostic criteria must address these issues. In particular, the status of different sources of information needs to be made explicit so that clinicians and researchers can use a standardised approach to the diagnosis of patients where particular information is unavailable or less reliable. A standardised dataset for delirium assessment could include measurement of cognition and arousal, neuropsychiatric symptoms via interview and collateral history, etc. (adapt from rating scales)
Attention as the core sign of delirium

For many centuries the concept of delirium has included altered consciousness with generalised disturbance of higher cortical function. The extent to which all measurable elements of cognition should be affected and whether a primary cognitive domain is disproportionately impaired is less clear. Historically, clouding of consciousness has been emphasised, but this is a concept that lacks precision. Disturbed attention has become a cardinal feature of diagnostic criteria for delirium since DSM III (APA, 1980), partly because of its frequency and relative ease of measurement. The description of primary cognitive elements in ICD-10 has created some confusion where it has been unclear whether a diagnosis requires both clouding of consciousness and reduced attention or whether either will suffice or whether clouding of consciousness is deemed present as evidenced by reduced ability to focus, sustain, or shift attention.  Recent work addressing the relationship between the various elements of delirium indicates disproportionate disturbance of attention but with high correlation with other cognitive elements of delirium (Meagher et al, 2007). Moreover, the few phenomenological studies that have included serial assessment suggest that it is a consistent feature during the course of a delirious episode, further supporting the position of attention as a dominant element for definition (Leonard et al, 2007).

However, given the central role of inattention in delirium diagnosis, the nature of the attentional deficits and how these are measured requires clarification. For example, attentional deficits vary considerably in severity: some patients that are barely able to converse, whereas some have subtle deficits that are best detected by formal cognitive testing. Another important issue is that the assessment of attention is complicated by the frequent presence of low arousal; whether attention can really be separated from arousal in these circumstances is a major point of debate. Currently, in clinical practice and research, attention is assessed by clinical observation and also by using cognitive tests, such as digit span, serial sevens test or recitation of the months of the year in reverse order. However, the validity of cognitive test criteria for inattention has not been tested thoroughly; an important issue given that attentional deficits are common in the dementias (O’Keefe and Gosney, 1997; Calderon et al, 2001). These issues will only be resolved by additional research.

Cognitive deficits in delirium

Delirium diagnosis currently also requires the demonstration of generalised cognitive disturbance which allows distinction from disorders with more discrete neuropsychological disruptions (e.g. dysmnesic syndromes, mood disorders, attention deficit disorders etc). ICD-10 mandates that disturbances of both memory and orientation be evident.  Specifically, a disproportionate disturbance of immediate recall and recent memory with relatively intact remote memory is required. Phenomenological studies indicate that this pattern is not always evident in delirium and that orientation in particular is prone to great fluctuation during the course of an episode (Leonard et al, 2007). This impacts considerably upon detection especially where lucidity is equated with absence of disorientation. Disturbances of memory are notoriously difficult to attribute to delirium in populations with dementia. The demonstration of generalised cognitive deficit may be better achieved by requiring that disturbances be evident in any of a range of readily testable cognitive domains (e.g. comprehension, visuospatial function, orientation, vigilance, executive abilities, or memory).  However, there is a fundamental lack of exploratory studies which have examined multiple symptoms and signs of mental status change without the constraint that patients have delirium or not. Therefore, it is not known if certain elements of cognitive change in isolation, or whether there are always deficits in complex cognition or attention when mental status change occurs. Moreover, considering cognition alone, the extent to which deficits in elements of attention and other cognitive domains, eg. executive function, occur separately is unknown. The evidence suggests a complex picture (Bailie et al, 1989; Dale et al, 2005; McRimmon et al, 1996; Sommerfield et al, 2003; Silverstein et al, 2007). 

Discriminating between cognitive deficits in delirium and dementia

Another approach would be where emphasis be placed on cognitive deficits that are disproportionately affected in delirium. Two recent studies provided information about the symptom frequencies in patients with delirium without dementia, dementia without delirium, and comorbid delirium and dementia (Cole et al, 2002; Laurila et al, 2004b). These studies indicate that impaired attention, disturbed consciousness, and disorganised thinking are significantly more common in delirium, whereas memory and orientation are similarly affected in both delirium and dementia. Comprehension, visuospatial function, vigilance and executive abilities are less well studied, but some evidence suggests that testing in these cognitive domains may show some discrimination between delirium and dementia (Hart et al, 1996). The emphasis on certain cognitive elements that are more impaired in delirium could be achieved by excluding memory problems and disorientation as key elements in patients with documented or suspected dementia, or by requiring evidence that disturbances in these domains represent a clear deterioration from a recent baseline.  

Arousal and motor activity in delirium

Another important differentiating feature between delirium and dementia is arousal. Marked variations in arousal are a defining feature of dementia with Lewy Bodies (McKeith et al, 2004), but are not a common feature of other forms of dementia of mild to moderate severity. In contrast, patients with delirium are frequently drowsy or stuporous. When reduced arousal occurs in the context of acute illness, delirium is a likely diagnosis. In such circumstances the patient is usually not amenable to cognitive testing, so the defining feature of the syndrome becomes reduced arousal of acute onset. Whether this pattern of features is the same syndrome as one where there are deficits in cognition without altered arousal is an important matter for further investigation. It can be argued that revised criteria for delirium must find a clearer way of incorporating this common clinical phenomenon, without the constraint of requiring further diagnostic features that depend upon the patient being able to undergo an interview or cognitive testing. Current criteria do not explicitly allow for this. DSM-IV stipulates that the disturbance of consciousness is demonstrable via attentional deficits. ICD-10 is broader, stating that there must an “impairment of consciousness and attention (ranging from clouding and coma; reduced ability to direct, focus, sustain and shift attention)”. However, the requirement for deficits in consciousness and attention means that the status of patients in whom attention cannot be assessed is not entirely clear. Substituting ‘conscious level or attention’ might remedy this, at this risk of losing some specificity.

Other neuropsychiatric features

Delirium typically includes a range of non-cognitive neuropsychiatric symptoms. Some are almost invariably present (i.e. disturbances of motor activity and sleep-wake cycle occur typically in over 90% of cases of delirium (Meagher et al, 2007; Rockwood, 1993). However, these are relatively non-specific symptoms that occur with great frequency across a range of neuropsychiatric syndromes and in non-delirious hospitalised elderly. For DSM IV (Liptzin et al, 1993) it was concluded that the inclusion of sleep and motor disturbances would not add to the specificity of diagnosis. Moreover, because many of the drugs used to treat the symptoms of delirium and dementia have substantial effects on these domains, the assessment of their role is further complicated. However, given that delirium detection is such a key issue for clinical and research populations, items that might add sensitivity are also important. More detailed study of the character and frequency of disturbances in these domains is needed so that we can have a better understanding of how particular patterns (e.g. more severe disturbances of sleep-wake reversal or fragmentation may be relatively specific to delirium – Meagher et al (2007) found that 73% of delirious patients had at least moderate disorganisation of sleep-wake cycle). 

Similarly, affective changes, thought process abnormalities, thought content and perceptual disturbances are common in delirium but not invariably present and therefore lack utility as essential diagnostic features. The character of these symptoms may assist in the distinction from other neuropsychiatric disorders (e.g. dementia) (Liptzin et al, 1993; Meagher and Trzepacz, 2007). For example, perceptual disturbances are significantly more common in delirium whether or not concomitant dementia is evident (Cole et al, 2002; Laurila et al, 2004b). More detailed studies can clarify their usefulness in this regard.
The context of delirium symptoms

Although individual symptoms and signs are not specific to delirium, their combination and context is highly characteristic and an important pointer when attempting to distinguish delirium from more chronic disorders such as dementia. Delirium is typically of acute onset and symptoms fluctuate over the course of the day. In ICD-10 diagnostic criteria for research, criterion E mandates that ‘symptoms have rapid onset and show fluctuations over the course of the day’.  However, many cases are more gradual in onset and the degree of symptom fluctuation within 24 hours may be less for quieter (so-called hypoactive) presentations and often includes a prodromal phase of 2-4 days characterised by non-specific symptoms (e.g. general malaise) and / or subsyndromal delirium (Levkoff et al, 1994; Fann et al, 2005; de Jonghe et al, 2005). DSM-IV criteria suggest fluctuation over “hours to days”. Moreover, the emphasis on short time frames for onset and fluctuation serves to bias definitions against hypoactive forms of delirium which are more difficult to identify, have poor prognosis, and need to be better accounted for (even emphasised) in new definitions. 

Another aspect of delirium presentation is that although symptoms that fluctuate are necessary for the diagnosis, those particular symptoms are by definition less useful for detection due to their inherent variability. As a consequence, while symptoms that are required for a diagnosis should be less prone to fluctuation and reliably demonstrable throughout the course of delirium episode, other more variable symptoms confer the fluctuation required for diagnosis.

Aetiological attribution

Delirium is highly heterogeneous in its causation with typically 3-4 significant causes operating in parallel and/or sequentially over the course of an episode (Meagher et al, 2007; Lawlor et al, 2000; Laurila et al, 2008). As such, single aetiology delirium is the exception rather than the rule. Although many accept that the aetiology of delirium contributes to clinical profile, convincing evidence that aetiology impacts upon phenomenological presentation and / or treatment needs remains lacking. Moreover, existing studies do not adequately account for the multifactorial nature of delirium aetiology and are predominantly cross-sectional in nature. The attribution of delirium to single aetiological categories (as per DSM-IV) fails to capture this complexity. It may also contribute to the tendency to attribute causation to the first or most obvious aetiology identified rather than encourage detailed and sustained investigation of cases throughout an episode. Moreover, in around 10% of cases no clear aetiology is identified and it is not necessary for a single ‘cause’ to be identified for every case but rather that the relevant physical morbidity is acknowledged. The current ICD-10 guidance regarding attribution of causation requires that the manifestations of delirium can be presumed to be related to an aetiology identified by evidence from history, examination or investigation. 

Over recent classifications delirium related to alcohol or psychoactive substances has been classified separately from delirium due to other causes. While this distinction has relevance to pathophysiological underpinnings (e.g. different EEG patterns) and treatment needs (e.g. benzodiazepine use as first line treatment) it is not sensitive to the likelihood that delirium due to substance use may also be multifactorial and may contribute to an overly simplistic conceptualisation of delirium causation in such cases. The relevance of the role of genetic factors identified in studies of alcohol-related delirium has yet to be considered in non-alcohol-related cases but will provide important insights into the degree to which similar neurobiological vulnerabilities underlie delirium due to differing primary aetiologies.  

Delirium and Dementia

A major challenge is to create a delirium definition that improves recognition in clinical practice. A principal reason for poor detection is that delirium and dementia commonly co-exist especially in elderly patients where delirium is frequently misattributed to dementia symptoms (Inouye et al, 2001). In ICD-10 the presence of underlying dementia is emphasized as a subtype of delirium but the diagnosis of each is made separately. According to the ICD-10 the diagnosis of dementia cannot be established before the duration of symptoms has exceeded six months and where assessment is complicated by superimposed delirium ‘the diagnosis of dementia should be deferred’. In DSM IV there is a circularity in delirium-dementia differentiation with delirium the suggested diagnosis where cognitive changes “are not better accounted for by a pre-existing, established or evolving dementia” and dementia diagnosed where “deficits do not occur exclusively during the course of a delirium.” 

Where patients are known or suspected of having prior cognitive impairment it is essential that a deterioration from baseline is used to identify symptoms that reflect delirium.  This is especially important in hypoactive presentations where acuteness of onset and fluctuating course may be less evident. These quieter presentations are more common in patients with comorbid dementia. With hyperactive presentations BPSD represent an important differential but delirium as a medical emergency should take diagnostic precedence and the possibility of acute physical aetiologies ruled out. 

Greater clarity regarding symptoms that suggest delirium over dementia is needed. Studies that have compared phenomenology of ‘pure’ delirium with comorbid delirium and dementia indicate that the symptom profile of delirium is not greatly altered by concomitant dementia and that delirium symptoms dominate where both occur but with more impaired cognitive scores (Trzepacz et al, 1998) or more disorganized thinking and disorientation (Cole et al, 2002). Unfortunately, the diagnosis of delirium is often missed in these comorbid patients (Inouye et al, 2001) such that specific guidance is needed for delirium diagnosis in those with pre-existing cognitive problems and where the overlap is especially challenging (LBD, BPSD). Studies to date suggest that disturbances of attention, disorganised thinking, consciousness, altered arousal, motor activity, and perceptual changes are significantly more common in delirium (either with or without comorbid dementia) while other delirium symptoms are less helpful diagnostically when comorbid dementia is present, that is, disorientation and memory problems occur at similar or greater frequency to delirium in patients with ‘pure’ dementia ( Cole et al, 2002; Laurila et al, 2004b). 

The relationship between superimposed delirium and the so-called behavioural and psychological symptoms of dementia (BPSD) is not well studied but clearly there is considerable phenomenological overlap. Existing diagnostic schemes offer little assistance in this distinction but the provision of clear diagnostic criteria for BPSD that are sensitive to the possibility of delirium would assist in developing studies that might illuminate this complex area. Clinical need warrants that delirium, as a medical emergency, should take diagnostic precedence. The context of disturbances can be a key element in distinction but the presence of a suspected potential physical aetiology is less useful in elderly populations where medical problems that can contribute to delirium are extremely common. The presence of altered consciousness and inattention supports a delirium diagnosis but are common where dementia is of the Lewy body variant (DLB)(Calderon et al, 2001). In contrast with DLB, autonomic dysfunction (e.g. orthostatic hypotension, postural instability, constipation) and extrapyramidal symptoms are relatively uncommon in delirium even where neuroleptic agents are utilised and this may assist in differentiation (McKeith et al, 2004; Meagher and Leonard, 2008). Other work has highlighted that the content of psychotic symptoms can assist in differentiation but more detailed studies of the character of thought content abnormalities, perceptual disturbances and formal thought disorder are required (Meagher and Trzepacz, 2007). The presence of a physical precipitant(s) and marked symptom fluctuation also favours a diagnosis of delirium over BPSD. Greater collaboration between researchers in these fields is needed.  

One suggestion would be for BPSD to be confined to patients where a diagnosis of dementia is established and delirium, a medical emergency, is ruled out. For BPSD, disturbances of thinking, perception, motor behaviours and sleep-wake cycle should occur without prominent inattention or altered consciousness, except where patients have end-stage dementia where distinction on these grounds is less useful.  

The duration, course and severity of delirium

The course of delirium is highly variable ranging from a short-lived disturbance lasting hours to days to more persistent and often more severe deterioration that overlaps with dementia (Levkoff et al, 1994; Rudberg et al, 1997). The classical concept of delirium includes reversibility as a key element although studies have highlighted that this is not the course for many elderly medical patients that develop delirium (Marcantonio et al, 2003; Sylvestre et al, 2006). The extent to which this reflects delirium’s role as a harbinger of a previously silent evolving dementia remains uncertain, but in many cases persistent cognitive decline occurs in patients experiencing delirium who were apparently previously cognitively intact (Rockwood et al, 1999; Rahkonen et al, 2000; Gruber-Baldini et al, 2003; Lundstrom et al, 2003). There is no clarity regarding the minimum time frame for diagnostic criteria to be met but diagnosable delirium frequently occurs in intensive care unit patients as part of the transition from coma back to recovered consciousness (McNicholl et al, 2003).  Given the prognostic and management implications, sub classification of delirium according to course would emphasize the potential for persistence and allow for clear distinction of differing illness trajectories for further research. There is a paucity of research, however, which has defined the phenomenology of delirium over weeks and months. However, given the present state of knowledge, the various durations might be described as brief (48 hours or less), vs short term (2-7 days) vs more sustained (1-4 weeks) vs relapsing and remitting vs persistent (more than a month). In the absence of new data the present cut off of six months could be maintained but with the recognition that where a period of sustained recovery has occurred, further delirium should be considered as a new episode.

Another potential parameter of delirium to be included in revised criteria is severity. Several scales used largely in research quantify severity including the Delirium Rating Scale (Trzepacz et al, 1988), Revised Delirium Rating Scale (Trzepacz et al, 2001), and Memorial Delirium Assessment Scale (Breitbart et al, 1997), and greater severity is associated with poorer outcome (Adamis et al, 2006; Wada and Yamaguchi, 1993). However, neither ICD-10 nor DSM-IV allow for grading of delirium severity. It may be useful for clinical practice and research for a measure of severity to be introduced, perhaps mirroring that used in other conditions (mild, moderate, severe).
Clinical subtypes

Delirium is a highly heterogeneous syndrome and as such there may be utility in allocation of cases according to clinical subtypes. To date most interest has involved subtyping according to motor activity alterations partly because of their high visibility and frequency (over 90% of deliria). Agitated-hyperalert versus quiet-hypoactive variants of acute cognitive disturbances have been noted since ancient times as phrenitis and lethargus respectively. In more recent times three motor variants have been studied – hyperactive, hypoactive, and mixed. The usefulness of motor-based subtyping was considered prior to DSM IV but it was concluded that there was a need to determine whether these subtypes could be reliably defined and if they implied meaningful clinical differences (Liptzin, 1999). There are now multiple studies of motor subtypes which suggest significant differences in relation frequency and severity of non-motoric symptoms (Meagher et al, 2000), aetiology (Ross et al, 1991; Meagher et al, 1998), pathophysiology (Balan et al, 2003; van der Cammen et al, 2006), treatment experience (Meagher et al, 1996; Breitbart et al, 2002; Liptzin and Levkoff, 1992), duration of episode and outcome (Liptzin and Levkoff, 1992; O’Keeffe, 1999; Kiely et al, 2007). but the area is fraught with problems in definition of subtypes which limits generalisability of findings across studies. More recent work appears to be identifying a more consistent approach to definition emphasizing motor disturbances that are relatively specific to delirium (rather than associated psychomotoric symptoms) (Meagher et al, 2009). The formal recognition of these subtypes of delirium would emphasise the different challenges they pose and promote more consistent recognition of less obvious presentations of delirium. Other approaches to subtyping of delirium e.g. psychotic vs. non-psychotic have not yet been sufficiently studied to determine their usefulness.

Syndromal vs subsyndromal delirium

Recent studies have suggested that the presence of some features of delirium, but without sufficient features to meet DSM or ICD criteria, may be associated with adverse outcomes (Levkoff et al, 1992; Cole et al, 2003; Marcantonio et al, 2002). These findings along with studies that have linked prognosis to individual symptoms (Cole et al, 2007) suggest that further clarification of the significance of individual features is required. In particular, these findings raise the question of whether a less restrictive, or at least a more differentiated (eg. in terms of severity, features, time course) definition of delirium is justified. 

Conclusions

DSM–IV descriptions of delirium have good acceptance among both clinicians and researchers and future descriptions within ICD need to be better aligned. Where possible, changes should be according to available research rather than expert opinion or other factors. There does not appear to be strong, formal evidence to support major changes in the alterations to the key features outlined in current DSM definitions but some elements of the syndrome could be better accounted for, especially disturbances of sleep-wake cycle and motor behaviour. The status of reduced arousal of acute onset needs to be clarified since it commonly impacts upon the ability to demonstrate impairment in cognition. The requirement for acuity of onset and fluctuation of symptoms in relatively hypoactive presentations could be lessened to require subacute onset with or without symptom fluctuation. The increasing evidence that patients with delirium experience a number of distinct courses and severities and for clinically relevant (motoric) subtypes supports the inclusion of sub classification according to these attributes. Specific guidance is required around diagnosis where dementia is present (or suspected) especially as to the cognitive elements that best constitute generalised impairment. In general, patients should have evidence of deterioration in cognitive abilities with inattention as a core element and evidence of impairment in a combination of either memory, orientation, visuospatial function, or comprehension, but where dementia is suspected disorientation and memory disturbances are less helpful. There is a particular need for studies exploring the delirium-dementia interface, improved clarity as to the features that assist in definition of clinical subtypes, and closer examination of the relevance of subsyndromal illness and the importance of individual delirium symptoms present in such cases.
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Abstract

Background: Delirium is a common, highly fluctuating disorder with a variable outcome. There is a dearth of longitudinal studies to illuminate our understanding of the trajectory of individual delirium symptoms. 

Objectives : To study the longitudinal course of phenomenology during an episode of delirium, with detailed assessment of how cognitive and non-cognitive symptoms relate to each other over time and ascertain if some delirium symptoms (eg noncognitive symptoms) are prominent early in the course of an episode while others (eg inattention) may be more persistent.
Methods: Bi-weekly assessments of 100 patients with DSM-IV delirium in a palliative care unit using validated tools including the Delirium Rating Scale Revised ’98 (DRS-R98) and Cognitive test for Delirium (CTD).  Mixed Effects Regression Modelling (MRM) was used to calculate change in individual symptoms severities. 

Results: The 100 patients (mean age 70.2 ± 10.5, 51% male, 27 comorbid dementia) underwent a total of 323 assessments (range 2-9). Mean scores indicated that cognitive symptoms became more prominent over time. The coefficient of variation was lowest for DRS-R98 contextual items and inattention indicating that these features are less variable. Mixed effects regression modelling identified a small magnitude of change in individual symptoms. Thought process abnormalities and inattention as the symptoms that changed least over time with greater variability in disturbances of sleep wake cycle disturbances, hallucinations, delusions, affective lability and language abnormalities. 
Conclusions: Although symptom expression in delirium is often highly variable over short periods of time, the degree to which individual symptoms undergo more sustained change as episodes evolve is much less prominent.  Thought process abnormality and attention are especially stable, while cognitive symptoms tend to dominate as delirium progresses.

Introduction

Delirium is a complex fluctuating neuropsychiatric syndrome that occurs in approximately one in five general hospital admissions (Siddiqi et al, 2006) with higher rates in the elderly, those with prior cognitive difficulties and those receiving intensive (Ely et al, 2004) and palliative care(Massie and Holland, 1983; Lawlor et al, 2000; Harris, 2008). Delirium is a significant independent predictor of poor outcomes, including elevated morbidity and mortality (Kakuma et al, 2003; Leslie et al, 2005; Kiely et al, 2009). More recently, studies have highlighted the potential for symptom persistence and long-term cognitive impairment with delirium (MacLullich et al, 2009), including an acceleration in the rate of cognitive decline in patients with dementia (Fong et al, 2009).   

Delirium comprises a range of cognitive and non-cognitive features such that attention is invariably impaired and other symptoms occur with varying frequency. Although delirium does not have any pathognomic symptoms, the range of features and their context – acute in onset with fluctuating course and with a physical cause, are highly suggestive. This variability in symptom profile over the course of an episode means that longitudinal assessment is necessary in order to accurately capture phenomenological profile. However, surprisingly few longitudinal studies have been reported, perhaps reflecting the methodological challenges that delirium entails. We lack an understanding of how various symptoms change over the course of an episode and how various cognitive and non-cognitive elements relate to each other over time. Previous work has found great heterogeneity in the clinical course of delirium (Rudberg et al, 1997; Fann, 2005; Sylvestre et al, 2006) and detailed study of the course of individual symptoms can clarify if delirium symptoms follow a similar trajectory over time or if different elements follow separate courses, perhaps reflecting varying underlying pathophysiological processes. Moreover, identifying symptoms that are more stable and reliably present over the course of an episode should improve detection and diagnosis.

Adamis (2009) reviewed statistical methods for analysing longitudinal data that are appropriate to the study of delirium studies, including survival analysis, structural equation modelling and path analysis, mixed-effects modelling (MRM) and the generalized estimating equations (GEE) method. While GEE is particularly suited to the study of marginal (population-specific) patterns, MRM generates conditional (subject-specific) estimates and thus can allow for the investigation of how symptom profile varies for individual patients. The application of the mixed-effects model (MRM) for longitudinal data is well described (Liu and Hedeker, 2006) and includes a random subject effect with intercepts and slopes across time for each individual. It is suited to the analysis of data that includes multiple repeated measures for each patient with varying number and intervals between assessments. Kain and coworkers (2004) used mixed effects regression models to show that children’s state anxiety was significantly associated with postoperative emergence delirium while Adamis and colleagues (2009) explored the relationship between clinical and biological factors with the presence of delirium over time using a combination of the Generalised Estimating Equations approach (GEE) and MRM. Van Munster et al (2009) used linear mixed modelling to identify an increase in the S100B protein (marker of brain cell damage and/or increased permeability of the blood-brain-barrier) during delirium. Fong and coworkers (2009) used linear mixed regression models to examine the impact of delirium on the trajectory of cognitive function in patients with Alzheimer disease and concluded that delirium can accelerate the trajectory of cognitive decline in these patients. 

We describe a longitudinal study involving detailed serial phenomenological assessments of patients developing delirium in a palliative care setting who were followed over the course of their episode of delirium specifically to explore how cognitive and non-cognitive symptoms relate to each other over time.  

Methods

This is an observational, serial assessment study that examined delirium symptoms and cognitive performance bi-weekly in 100 patients with DSM-IV delirium, referred to a psychiatric consultation service at a palliative care in-patient service. The work was conducted at Milford Care Hospice where all patients are screened with the Confusion Assessment Method (CAM; Inouye et al., 1990) by the admitting medical team as part of the admission procedure and on daily rounds by the palliative care team. Patients with an altered mental state as per the CAM were referred for assessment to confirm DSM-IV delirium. Patients were not included if they were imminently dying or where circumstances were too difficult to allow assessment (as per opinion of the treating medical team) which resulted in the exclusion of approximately 10% of potential recruits.

Patient Assessments

Demographic profile, duration of delirium at referral, psychotropic drug exposure at the time of assessment, and possibility of underlying dementia (noted by history or investigation) were all documented for each patient. 

A key characteristic of delirium phenomenology is that symptoms are prone to fluctuation over relatively short time periods ranging from minutes to days, but typically over hours. As such, in order to obtain an accurate assessment of sustained symptom change, as opposed to symptom fluctuation over short periods, we assessed symptom profile over a sustained period of 3-4 days. As such, patients were assessed biweekly with rating of delirium symptoms over the previous 72 hours with the revised Delirium Rating Scale (DRS-R98) (Trzepacz et al, 2001) and for neuropsychiatric performance at the time of assessment with the Cognitive Test for Delirium (CTD) (Hart et al, 1996). The initial assessment was labelled time one (t1) with subsequent assessments similarly denoted (e.g. t2 for second assessment, t3 for third assessment etc). Assessments were conducted by raters trained in the use of the DRS-R98 and CTD (DM, or ML) and to further enhance inter-rater reliability difficult ratings were discussed and rated by consensus between all raters.

Revised Delirium Rating Scale (DRS-R-98)

This is the most widely used instrument to measure symptom severity in delirium, and is useful both as a diagnostic and an assessment tool.   It is a 16-item clinician-rated scale with 13 severity items and 3 diagnostic items (temporal onset of symptoms, fluctuation of symptoms, physical disorder) and is a valid measure of delirium severity over a broad range of symptoms. The 13-item severity section can be scored separately from the 3-item diagnostic section; their sum constitutes the total scale score. The severity of individual items is rated from 0 to 3 points.  Thus, DRS-R98 severity scores range from 0-39 with higher scores indicating more severe delirium and a cut-off score >15 consistent with a diagnosis of delirium. The total scale can be scored initially to enhance differential diagnosis by capturing characteristic features of delirium, such as acute onset and fluctuation of symptom severity. All items are anchored by text descriptions as guides for rating along a continuum from normal to severely impaired. The instrument can be used to rate symptoms over variable periods from hours to weeks and for the purposes of this study was applied bi-weekly to encompass the previous 3-4 day period (i.e. since last assessment).  It has high interrater reliability, validity, sensitivity and specificity for distinguishing delirium from mixed neuropsychiatric populations including dementia, depression, and schizophrenia (Trzepacz et al, 2001). 

Cognitive Test for Delirium (CTD)

This is a relatively brief (15-20 minutes) test of neuropsychological function that emphasises visual abilities and is suitable for assessing a broad range of patients including those who are intubated or cannot speak. It was originally developed for use in severely ill ICU patients. The subject’s responses to all items are nonverbal (pointing, nodding head, raising hand).  It allows the assessment of 5 neuropsychological domains, (orientation / attention /memory /comprehension /vigilance) and generates a score of between 0-30, with higher scores indicating better cognitive function. An optimal cut-off score to discriminate delirium from other disorders is <19, however it can be used as a continuous, unidimensional measure of cognition in delirium. It reliably distinguishes dementia, schizophrenia and depression (Hart et al, 1996).

Etiological assessment

Patients were also rated on each assessment occasion with the Delirium Etiology Rating Checklist (DEC), (Meagher and Trzepacz, 2009) which allows for the multifactorial assessment of delirium etiology by rating 12 potential contributing etiologies according to the likelihood of their being a cause for delirium based on clinical history and investigation. Each etiological category is rated on a five-point scale ranging from ruled out (0), present but apparently not contributory (1), present and possibly contributory (2), likely cause (3), definite cause (4) and allows for multiple concomitant causes as contributing etiologies for delirium. 

Consent

The procedures and rationale for the study are explained to all patients but because patients have DSM-IV delirium at entry into the study it is presumed that most are not capable of giving informed written consent. Because of the non-invasive nature of the study ethics committee approval was given to augment patient assent with proxy consent from next of kin (where possible) or a responsible caregiver for all participants in accordance with Helsinki Guidelines for Medical research involving human subjects (World Medical Association, 2004).

Statistical analyses 

Data analysis was conducted by using SPSS version 14.  Continuous variables for demographic and rating scale scores are expressed as means and standard deviations (SD). In this paper we initially report results of exploratory statistics based on all data recorded, followed by results of a mixed effect model based on data recorded inclusive of assessments up to and including assessment five (t5). In Table 1 and 2 due to the small remaining numbers we omit the final three assessments (t7 to t9). 

A mixed effects regression model (MRM) was used to estimate the variability and progression of delirium symptoms over the course of the episode (as indicated by a slope to reflect the change in individual symptom severities over time). It is an attractive statistical test for analysis of longitudinal data (Hedeker and Gibbons, 2006) including in patients with delirium (Adamis et al, 2009) and allows for the fact that time periods between assessments vary, in addition to differing number of assessments for each patient. Individual symptoms are analysed independent of each other. The model is based on the following equation:
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 error vector.  The MRM method can provide valid estimates of the regression slope even if the longitudinal data is imbalanced, such as if the number of assessments for each patient differs or the time interval between assessments varies.

Results

Demographic and clinical characteristics

The 100 patients were of mean age 70.2 ± 10.5 years (range 36-90); 49% were female and 27% had dementia. Mean total DRS-R98 score was 20.1 ± 7.4 and mean CTD score was 13.8 ± 8.0 over all assessments. The mean number of etiological categories (of a possible 13) per patient was 3.4  ± 1.3 (range 1-7); the most common etiologies were metabolic or endocrine disturbance (62%), systemic infection (55%) and drug intoxication (41%). 

The mean age for those with comorbid dementia was 72.9 ± 8.2 and for those with ‘pure’ delirium was 68.8  ± 11.2.  There was no statistical difference between those patients with comorbid dementia (27) and those with ‘pure’ delirium (73) in terms of age, gender distribution, mean number of assessments or the amount of etiological categories. 

100 patients underwent a total of 323 assessments (range 2-9). 100 patients were assessed at t1 and t2,, 57 patients at t3, 27 patients at t4, 16 patients at t5, 11 patients at t6, 7 patients at t7, and for t8 and t9 ≤ 4 patients were assessed. Reasons for discontinuing assessments were death (55 cases), recovery (30 cases), declined (12 cases), discharged (3 cases).  

Symptom Frequency and Severity   

Initial exploratory statistics considered the frequency and severity (mean ± SD) of individual delirium symptoms as rated on the DRS-R98 (Table 1 and figure 1depicting this as a radar graph) and CTD (table 2) from first assessment (T1) to sixth assessment (T6). This shows that the most common  DRS-R98 symptoms present over time are inattention (88%-100%), sleep-wake cycle disturbance (90-100%), and any motor disturbance (87-100%), while delusions and hallucinations occurred least frequently (both < 50% at all assessments). Attention and vigilance rated by the CTD show similarly high frequency rates at all assessments.  

Table 1. DRS-R98 severity (mean ± SD) and frequency (%) of delirium symptoms at each assessment.

	
	T1
	T2
	T3
	T4
	T5
	T6

	
	N=100
	N=100
	N=57
	N=27
	N=16
	N=11

	sleep-wake cycle disturbance
	1.59 ± 0.77

92%
	1.68 ± 0.71

97%
	1.71 ± 0.89

90%
	1.96 ± 0.52

100%
	1.68 ± 0.87

94%
	1.91 ±0.54

100%

	perceptual dist. and hallucinations
	0.98 ± 1.22

46%
	0.79 ± 1.05

45%
	0.83 ± 1.15

42%
	0.81 ± 1.14

41%
	0.57 ± 1.24

31%
	1.18 ± 1.47

46%

	delusions
	0.51 ± 0 .94

29%
	0.36 ± 0.75

23%
	0.39  ± 0.81

24%
	0.41 ± 1.01

15%
	0.18 ± 0.75

6%
	0.27 ± 0.65

18%

	lability of affect
	0.77 ± 0.79

56%
	0.76 ± 0.82

54%
	0.56 ± 0.75

41%
	0.52 ± 0.7

41%
	0.37 ± 0.5

38%
	0.64 ± 0.67

55%

	language
	1.06 ± 0.76

77%
	1.02 ± 0.86

70%
	1.22 ± 0.89

78%
	1.22 ± 1.01

74%
	1.00 ± 0.96

63%
	1.27 ± 0.79

82%

	thought process abnormalities
	1.42 ± 0.99

81%
	1.43 ± 1.10

73%
	1.43± 1.09

76%
	1.48 ± 1.16

78%
	1.12 ± 0.96

69%
	1.36 ± 0.92

82%

	motor agitation
	0.95 ± 0.89

62%
	0.75 ± 0.78

57%
	0.93 ± 1.01

52%
	1.07 ± 0.92

67%
	0.94± 0.85

63%
	1.0 ± 0.89

73%

	motor retardation
	0.99 ± 0.84

68%
	1.08± 0.86

69%
	1.19 ± 0.87

76%
	1.18 ± 0.92

74%
	1.06 ± 0.68

81%
	1.36 ± 0.92

82%

	orientation
	1.26 ± 0.77

81%
	1.28 ± 0.93

75%
	1.36 ± 0.90

80%
	1.48 ±  0.75

89%
	1.5 ± 0.89

88%
	1.64 ± 0.67

100%

	attention
	1.98 ± 0.89

97%
	2.01 ± 1.01

91%
	1.98 ± 1.07

88%
	2.18 ± 1.00

93%
	2.06 ± 0.93

100%
	1.82 ± 0.98

91%

	Short-term memory
	1.64 ±1.11

81%
	1.64 ± 1.16

78%
	1.69 ± 1.13

81%
	1.70 ± 1.07

85%
	1.56 ± 1.09

81%
	1.54 ± 1.04

82%

	Long-term memory
	1.18 ± 0.88

77%
	1.27±  1.04

72%
	1.41 ± 1.09

72%
	1.37 ± 0.97

82%
	1.50 ± 0.73

94%
	0.91 ± 0.83

64%

	Visuospatial ability
	1.89 ± 1.05

88%
	1.94 ± 1.06

88%
	2.0 ± 1.11

85%
	1.96 ± 1.02

93%
	2.12 ± 0.81

94%
	1.82 ± 1.17

82%

	Temporal onset of symptoms
	1.78 ± 0.75

99%
	1.78 ± 0.75

99%
	1.78±0.75

99%
	1.78±0.75

99%
	1.78±0.75

99%
	1.78±0.75

99%

	Fluctuation of symptoms
	1.05 ± 0.63

83%
	0.91 ± 0.59

78%
	0.87 ± 0.55

78%
	0.96 ± 0.59

81%
	0.93 ± 0.47

86%
	0.64 ± 0.50

64%

	Physical disorder
	1.61 ± 0.49

100%
	1.61 ±0.53

98%
	1.53 ± 0.50

100%
	1.46 ±0.58

96%
	1.5±0.52

100%
	1.36 ±0.50

100%

	Total DRS-R98 

score
	20.4 ± 6.3
	19.6 ± 7.7
	20.3 ± 8.8
	20.3 ± 8.0
	20.6 ± 5.6
	19.3 ± 8.4


Figure 1. Mean DRS-R98 item severity from first to sixth assessment.

Symptom fluctuation 

Table 1 depicts assessments of symptom fluctuation as measured on DRS-R98 item 15. This indicates that the vast majority of patients at any assessment point were experiencing some fluctuation of symptoms and that this was quite consistent in frequency over time. In addition, of all assessments, 14% indicated symptom fluctuation over minutes, 65% indicated symptom fluctuation over hours, and 21% did not indicate recognisable symptom fluctuation over the assessment period. 

Symptom progression over time

The longitudinal progression of different elements of delirium was examined in a number of ways. Firstly, the mean scores for cognitive (items 9-13 summated) and non-cognitive (items 1-8 summated) subscales of the DRS-R98 at each assessment point were compared. This showed that both cognitive and non-cognitive features follow similar trajectories during the early phases of illness (first two weeks) with increasing dominance of cognitive impairments as delirium becomes more persistent, especially for assessments 5 onwards (week three) However given the small numbers that are reported at these time points any such conclusion must be considered with caution. 

Severity of impairment in individual cognitive domains over time

The mean scores for the 5 CTD domains are shown in Table 2 and Figure 2. This highlights the disproportionate severity of impairment on attention and vigilance with relatively less impairment of comprehension. Although differing in severity, these five neuropsychological domains followed similar trajectories over time with attention and vigilance the most consistently and severely impaired domains

Table 2 CTD: Severity (mean±SD) and frequency (%) of delirium symptoms at each assessment

	
	T1
	T2
	T3
	T4
	T5
	T6

	N
	100
	100
	57
	27
	16
	11

	Orientation


	3.3 ± 2.3

67%
	3.5 ± 2.1

72%
	3.5 ± 2.2

66%
	3.3 ± 2.2

69%
	3.4± 2.0

75%
	2.4 ± 2.0

89%

	Attention
	2.0 ±1.8

96%
	2.0 ± 1.8

95%
	2.1 ± 1.9

90%
	2.2 ± 1.8

93%
	2.3 ±2.2

80%
	1.5 ± 1.4

87%

	Memory
	3.0 ± 2.2

78%
	2.9 ± 2.2

84%
	2.7± 2.2

85%
	2.3± 2.2

86%
	2.4 ± 2.2

87%
	3.0± 2.8

62%

	Comprehension
	4.1± 1.7

77%
	4.0 ± 1.6

86%
	3.8 ± 2.0

80%
	3.4 ± 1.7

96%
	3.5 ± 1.2

93%
	3.5± 1.6

100%

	Vigilance
	1.7 ±  2.0

92%
	1.9± 2.3

86%
	1.9± 2.1

89%
	1.4± 1.5

100%
	0.9 ± 1.5

87%
	0.7± 1.0

100%

	Total CTD 

Score
	14.3 ± 7.7
	14.5 ± 8.1
	13.6 ± 8.8
	12.2 ± 7.5
	13.1 ± 6.6
	12.0 ± 7.2


Figure 2. Mean scores on the five CTD domains over time 
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The variability of individual symptoms of delirium was compared by calculating the coefficient of variation for each item over the assessments (see figure 3). This is the measure of the ratio of the standard deviation to the mean and therefore takes into account the standard deviation and how that varies about the mean. The smaller the coefficient of variation the less variable the data about the mean. This shows that contextual items (degree of symptom fluctuation, presence of a physical disorder), core diagnostic features (such as inattention) and short term memory were the most consistent symptoms while affective lability, hallucinations and delusions were most variable.  

Figure 3. Coefficient of variation for DRS-R98 items averaged over all assessments
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Mixed effect regression modelling (MRM)

MRM was used to estimate the variability and progression of delirium symptoms over the course of the episode (as indicated by a slope to reflect the change in individual symptom severities over time – see Table 3). The slope represents the rate of change for each extra day the patient is studied. So on average the slope of sleep wake cycle increases by 0.015 for each extra day. Therefore, after 10 days the average score would increase by 0.15 etc. The intercept indicates that each item has a different starting value. Those items relatively less variable (suggesting less change over time) as indicated by a slope <0.01 were attention, orientation, short term memory, psychomotor disturbances, contextual items (underlying physical disorder and fluctuation of symptoms); notably thought disorder was the least variable symptom (slope 0.0009).  DRS-R98 items ranked more variable (i.e. with slopes significantly different than zero as per 95% CI not including 0), were sleep wake cycle disturbances, affective lability and impaired long term memory. All of these measures are small and suggest minimal variability for most symptoms. As such the magnitude of change for these features suggests that the severity of individual DRS-R98 items is relatively stable for individual patients when measured over sustained time frames.
Table 3. Mixed Effect Regression Modelling for DRS-R98 symptoms

	DRS-R98 item


	Slope
	95% Confidence

Interval.

	Sleep wake cycle
	0.015
	0.003, 0.03

	Hallucinations
	-0.013
	-0.03, 0.01

	Delusions
	-0.011
	-0.02, 0.005

	Affective lability
	-0.011
	-0.02, -0.002

	Language abnormalities
	0.012
	-0.007, 0.03

	Thought disorder
	-0.0009
	-0.02, 0.02

	Agitation
	0.004
	-0.01, 0.02

	Retardation
	0.003
	-0.01, 0.02

	Orientation
	0.008
	-0.003, 0.02

	Attention
	0.008
	-0.010, 0.02

	Short term memory
	0.007
	-0.008, 0.02

	Long term memory
	0.019
	0.004, 0.03

	Visuospatial
	0.014
	-0.003, 0.02

	Fluctuation
	-0.010
	-0.02, 0.002

	Physical disorder
	-0.003
	-0.01, 0.005


Delirium vs comorbid delirium-dementia

Patients with so-called ‘pure’ delirium (i.e. without evidence of comorbid dementia) (n=73) were compared with patients who had evidence of comorbid delirium and dementia (n=27). Firstly,we calculated the mean and standard deviation over the course of the full delirium episode for each DRS-R98 item for the two groups and this did not indicate a statistical difference. However, when we compared the DRS-R98 noncognitive and cognitive subscale scores for these two groups (Figure 4) and calculated the standard deviation of the means for each individual DRS-R98 item for the two groups (Figure 5) differences in longitudinal expression were evident; in figure 4 there was a pattern whereby cognitive scores increased over time for both groups but noncognitive scores increased over time in the comorbid delirium-dementia group but declined in the delirium-only group. Figure 5 shows the greater variability in DRS-R98 item expression in comorbid illness. In particular, psychotic symptoms (delusions and perceptual disturbances) and altered motor activity were more variable in the comorbid group.
Figure 4. Mean score for DRS-R98 NonCognitve and Cognitive for each of ‘pure’ delirium (n=73) and dementia with delirium (n=27)
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Figure 5. Comparison of DRS-R98 item symptom variability for ‘pure’ delirium (n=73) vs comorbid delirium-dementia (n=27) using standard deviation of the means
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*1=sleep wake cycle disturbance            8=motor retardation           

  2= hallucinations                                 9= orientation

  3= delusions                                       10=attention

  4= lability of affect                              11= short term memory

  5= language                                       12= long term memory 

  6= thought process abnormalities         13= visuospatial ability

  7= motor agitation 

Discussion

We believe this to be the first study to include detailed assessments of delirium phenomenology using validated tools that include a range of individual  neuropsychological domains thereby allowing accurate assessment of the cognitive and non-cognitive symptoms of delirium. Previous serial assessment studies have explored symptoms in the delirium prodrome (Matsushima et al, 1997; De Jonghe et al, 2005) as well as the phenomenological expression of delirium using the original ten-item DRS, MDAS or Delirium Index (Rudberg et al, 1997; Fann et al, 2005; Syllvestre et al, 2006; Sherer et al, 2009) which in comparison with the DRS-R98 allow for the assessment of only a relatively small range of symptoms and limited neuropsychological assessment. These studies have many conflicting findings but suggest that cognitive impairments become more prominent as delirium progresses (Matsushima et al, 1997; Fann et al, 2005; Sherer et al, 2009). 

Our study concurs with the dominance of cognitive impairment as delirium progresses which is relevant to the increasing recognition that longer-term cognitive difficulties are a common occurrence with delirium, including in patients who were cognitively intact prior to developing delirium (Maclullich et al, 2009). Moreover, other work suggests that delirium can accelerate cognitive decline in Alzheimer’s disease (Fong et al, 2009). MacLullich et al (2009) proposes four putative mechanisms for LTCI; delirium may be a marker of chronic progressive pathology, or a consequence of acute brain damage, or persistent delirium may be a cause of LTCI, or finally drug treatment of delirium or other conditions may cause LTCI. Understanding the mechanisms that link delirium to LTCI will ultimately allow for better understanding of the pathogenesis of dementia (MacLullich et al, 2009) and identifying the character of persisting neuropsychological difficulties is central to this. Our work indicates that the profile of neuropsychological impairment is quite consistent as delirium becomes more persistent and as cognitive elements increasingly dominate.

This work confirms delirium as a complex neuropsychiatric syndrome characterised by prominent inattention but with a range of cognitive and non-cognitive disturbances. Importantly, it indicates that although delirium symptoms are prone to considerable fluctuation, phenomenological assessment over sustained periods indicates that symptom severity is quite stable, albeit with increasing prominence of cognitive impairments as the duration of delirium increases. Cognitive impairments follow a similar trajectory while non-cognitive are less consistent over time perhaps reflecting the impact of more malleable factors such as medication exposure or particular etiologies. Overall, these findings support the concept of delirium as a unitary syndrome whereby delirium has a relatively consistent symptom profile despite the variety of different causes and contexts in which it occurs, and that phenomenological profile is quite temporally consistent, indicative of ongoing widespread disturbance of neural processes. The short-term fluctuation in symptoms may reflect the impact of factors such as circadian rhythms, while the relative consistency of symptom profile over more sustained periods of delirium assessment indicates consistent widespread disturbance of neural processes over the course of an episode.

The course of particular delirium symptoms has significant implications for delirium diagnosis and definition; current diagnostic criteria emphasize inattention which this work indicates is disproportionately impaired while also being a highly consistent symptom over serial assessment. The inherently fluctuating nature of delirium symptoms is a key factor in complicating reliable detection and it is important that efforts to diagnose and monitor progress in delirium focus on symptoms that are more consistent in expression. Impaired attention was one of the least variable symptoms in both preliminary exploratory analyses and using MRM.  In addition, thought process abnormalities have been a key element of delirium definitions (in the form of disorganized thinking) up to and including DSM IIIR but were de-emphasized in DSM IV due to difficulties with reliable identification by non-psychiatrists. This work emphasizes the prominence and consistency of thought process abnormalities as the symptom that changes least over an episode of delirium such that its usefulness in determining delirium presence might be usefully revisited during the development of delirium criteria for DSM-V and / or ICD -11 (Meagher et al, 2008). The re-introduction of disorganised thinking as a key criterion would require the development of more reliable ways of assessment for non-psychiatrists. In contrast, psychotic symptoms, affective lability and sleep-wake cycle disturbances were much more variable over the course of illness and may therefore be less reliable as markers of delirium presence, albeit good indicators when present that delirium may be present. As such, they are better suited as associated rather than core or mandatory diagnostic features. 

This work also highlights the prominence of altered motor activity in the syndrome of delirium. Trzepacz and Meagher propose three core phenomenological domains in delirium: “Cognition” comprised of inattention and other cognitive deficits; “Higher Level Thinking Processes” including impaired executive function, semantic expression, disorganised thinking and comprehension; and “Circadian Rhythm” including motor disturbances (Meagher and Trzepacz, 2009). These results support such a hypothesis by emphasizing the frequency and consistency of these features over the course of a delirium episode. Other less consistent “associated” symptoms may reflect the biochemical influence of particular etiologies or genetic, neuronal or physiological vulnerabilities.  The underlying neural support for these domains is consistent with neuroanatomical findings in lesion and functional neuroimaging studies that implicate certain brain regions and neural circuitry (Trzepacz and Meagher, 2007). Our work provides further evidence that attention, thought process abnormalities and disturbances of sleep-wake cycle and motor activity are core symptoms. 

It is well recognised that delirium symptoms overshadow dementia when they are comorbid with more impaired cognitive scores (Trzepacz et al, 1998). Dementia has been identified as an independent risk factor for under-recognition of delirium by nurses and its diagnosis has important prognostic implications. Two recent studies provide some clarity where both delirium and dementia are present (Cole et al, 2002; Laurila et al, 2004) and suggest that impaired attention, disturbed consciousness and disorganized thinking are significantly more common in delirium whereas memory and disorientation are similarly impaired in comorbid delirium and dementia rendering them less helpful diagnostically (Meagher et al, 2008). Our finding that a trend exists for  noncognitive scores to increase over time in the comorbid delirium-dementia group but decline in the delirium-only group suggests that delirium may resolve more slowly in the comorbid group or that the pathological processes are different.  In either case, these findings emphasize the primary role of routine systematic cognitive assessment in the diagnosis and monitoring of delirium over the course of an episode.

We noted some differences in symptom expression in comorbid illness whereby greater symptom variability was particularly evident for perceptual disturbances, delusions and alterations in motor activity. Previous work has indicated that the pattern of psychosis in delirium differs from functional psychotic disorders and dementia (Cutting, 1987; Meagher et al, 2007) while the relationship between delirium and the so-called behavioural and psychological symptoms of dementia (BPSD) remains uncertain, including the extent to which delirium may contribute to, or aggravate, such disturbances. It is increasingly recognised that delirium can accelerate the progression of dementia (Fong et al, 2009) and may even have a causal role with the recognition that long-term cognitive impairment can occur in patients who were cognitively intact prior to experiencing delirium (MacLullich et al, 2009). It may be that the neuropsychiatric profile of comorbid patients is in part accounted for by the combined effects of two distinct pathophysiological processes -  delirium and BPSD and are reflected in greater symptom severity and symptom fluctuation in comorbid illness.

Shortcomings

The analyses described herein are mostly preliminary. In contrast to the GEE approach, MRM is more analytically complex and therefore such models converge less readily (Fitzmaurice et al, 2004; Koper and Manseau, 2009).  It is planned to conduct further statistical analysis using a more detailed approach, possibly including mixed-effects regression modelling but also after further consideration of other models. This study was conducted in a palliative care unit with a highly morbid group of patients and as such the generalisiability of findings to delirium occuring in other settings remains uncertain. Assessments were conducted biweekly rather than daily and we therefore directed at identifying more sustained changes in symptom expression rather than changes due to  the often highly fluctuating short-term nature of delirium symptom expression which can impact considerably upon delirium recognition .  The inclusion of 27 patients with comorbid dementia identified some important differences in symptom expression where delirium is complicated by comorbid illness but this issue would be better addressed in further work including larger numbers with comorbid delirium-dementia. 

Conclusions

This work suggests that inattention, sleep wake cycle disturbances and psychomotor disturbances are the most commonly occurring symptoms at all stages of delirium and in conjunction with contextual items attention, retardation and short term memory are the most consistent over time. These results have important implications for future diagnostic systems such as the ICD-11 (Meagher et al, 2009). Moreover, the finding that attention is consistently and disproportionately impaired throughout a delirium episode highlights its potential usefulness in detection and monitoring of delirium as it evolves over time (Exton et al, 2009).
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Abstract

Purpose : There has been limited study of symptom evolution over the course of a delirium episode, including features that characterise subsyndromal cases and persistent delirium.

Methods : Psychopathological and neuropsychological profile were assessed biweekly in 100 consecutive adults with DSM-IV delirium. The GEE method was used to identify symptoms that distinguish full syndromal from subsyndromal illness and features associated with illness persistence.
Results: The 100 patients [mean age 70.2 ±10.5; 51 male; mean DRS-R98 total score 20.1 ± 7.4; mean CTD score 13.8 ± 8.0] underwent 323 assessments (range 2-9). Individual symptoms followed differing courses. Multiple cognitive and non-cognitive symptoms distinguished full syndromal from subsyndromal illness over time. Persistent delirium was associated with increasing dominance of cognitive impairment and was distinguished from resolving delirium particularly by inattention (p<0.001) and thought process abnormalities (p<0.001). 

Conclusions : Full syndromal delirium is distinguished from subsyndromal illness over time by a range of cognitive and non-cognitive symptoms of delirium. Persistent delirium is characterised by increasing prominence of recognised core diagnostic features and cognitive impairment. 

Background

Delirium is a complex neuropsychiatric syndrome occurring in 11-42% of general medical inpatients (Siddiqi et al, 2006), with even higher rates in those with pre-existing cognitive impairment, terminal illness or in intensive care units (Cole, 2004; Ely et al, 2001; Leonard et al, 2008). Although delirium is classically described as a syndrome with high inherent reversibility, studies have increasingly highlighted that symptom persistence is a common occurrence for many patients (Maclullich et al 2009). Despite its frequency and potential for symptom persistence and a range of negative outcomes, delirium remains seriously understudied (Leentjens et al 2008; Meagher, 2009). This reflects the considerable methodological difficulties in studying this multifactorial fluctuating condition and lack of definitional consensus such that studies are needed that clarify the nature of delirium in relation to its core diagnostic indicators as well as features that allow for differentiation from other neuropsychiatric disorders (Meagher et al, 2008). In short, better description of the syndrome can allow more consistent detection and more targeted studies of underlying pathogenesis and therapeutic needs.  

Gupta and colleagues (2008) highlighted key shortcomings in existing delirium phenomenological research. The methodologies used include assessments that do not explore the breadth of cognitive and non-cognitive disturbances that occur within the syndrome. In addition, studies are almost entirely cross-sectional in design even though delirium is a highly fluctuating condition – so much so that symptom fluctuation is highlighted as one of the key diagnostic criteria in both ICD-10 and DSM-IV definitions (American Psychiatric Association, 1994; World Health Organisation, 1993). This inherent variability in symptom profile means that serial assessment is crucial to understanding the phenomenological profile of delirium and in particular how the various cognitive and non-cognitive elements inter-relate over time and relate to symptom persistence. A key outstanding issue that can be addressed with longitudinal studies is whether the symptoms of delirium follow a unitary or more varied course. This is especially relevant to efforts to identify features that are more consistent (and therefore useful for detection purposes) as well as possible pathophysiological underpinnings.

Recent studies have highlighted the importance of delirium symptoms in patients without full diagnostic criteria; so-called subsyndromal delirium (SSD). SSD is associated with adverse outcomes (post discharge level of functional independence, elevated mortality) that approximate those of full syndromal delirium (Marcantonio et al, 2002; Cole et al, 2003; Bourdel-Marchasson et al, 2004; Marcantonio et al, 2005; Cole et al, 2007). As such, we require a better understanding of which symptoms of delirium distinguish subsyndromal and full syndromal illness over the course of an episode as these can guide the development of a less restrictive, or at least a more differentiated definition of delirium.

We report a prospective longitudinal assessment of phenomenological profile in consecutive cases of delirium examining (1) the progression of cognitive and non-cognitive symptoms over time, specifically assessing whether these elements follow a unitary pattern or if some symptoms are especially relevant to delirium status (full vs subsyndromal), and (2) symptom progression in patients with resolving vs persisting delirium to identify if specific symptoms are more prominent as delirium becomes more prolonged.

Methods

All patients admitted to a palliative care unit in Limerick in Ireland (Milford Care Hospice) were assessed daily for altered mental states and where appropriate formally screened with the Confusion Assessment Method (CAM) (Inouye et al 1990) by the medical team. These procedures were developed as part of a validation study of the CAM in palliative care settings (Ryan et al 2009). Patients with altered mental states are referred to the liaison psychiatry service for further evaluation and clarification of possible delirium. Patients meeting DSM-IV (American Psychiatric Association, 1994) criteria for delirium underwent a detailed delirium assessment of demographics, phenomenological profile, dementia status, and course of delirium (see below for assessment methods used). Assessments were conducted by trained raters in the use of the Delirium rating Scale revised 1998 (DRS-R98, Trzepacz et al 2001) and the Cognitive test for Delirium Cognitive Test for Delirium, Hart et al,  1996) (ML or DM) and to further enhance interrater reliability, difficult ratings were discussed and rated by consensus between both raters. Each case was assessed by first completing the DRS-R98 followed by administration of the CTD. The DRS-R98 rated the preceding 72 hour period whereas the CTD measured cognition at the time of its administration.  CTD responses were not used to rate DRS-R98 items.  Both the DRS-R98 and the CTD are well validated instruments, highly structured and anchored for rating and scoring. 

For this serial assessment study, assessments were repeated biweekly for three weeks, and weekly thereafter, until either the episode of delirium resolved, patients were discharged, or their medical condition seriously deteriorated such that it became appropriate to cease involvement in the study  (as agreed with the treating medical team and / or family carers). Study participation was discontinued at any stage if either the patient or family indicated they wish to exit the study. One hundred and twenty one consecutive cases of DSM-IV delirium were assessed of which 100 underwent at least two assessments and were therefore included in this serial analysis study.
Patient Assessments

Delirium Rating Scale Revised ’98 (DRS-R98)

The Revised Delirium Rating Scale (DRS-R98) (Trzepacz et al, 2002) is a widely used instrument to measure symptom profile in delirium and can be used both as diagnostic and severity assessment tools.  It is a 16-item clinician-rated scale with 13 severity items and 3 diagnostic items. It is sensitive to change over time (e.g. it is used widely in drug treatment studies) and is therefore suited to longitudinal studies. The 13-item severity section can be scored separately from the 3-item diagnostic section; their sum constitutes the total scale score. Severity items are rated from 0 to 3 points and diagnostic items from 0 to either 2 or 3.  Thus, DRS-R98 severity scores range from 0-39 with higher scores indicating more severe delirium and a cutoff score >15 consistent with a diagnosis of delirium. Scores between 8 and 15 are considered subsyndromal in severity (SSD) (Trzepacz et al, 2009). Moreover, the DRS-R98 scores can be divided into cognitive (items 9-13) and non-cognitive (items 1-8) subscales (Meagher et al, 2007). 

All items are anchored by text descriptions which guide rating along a continuum from normal (0) to severely impaired (3). Assessments take approximately 10-15 minutes and are made according to all available sources of information, including assessment of the patient and discussion with nursing staff and family / carers.  Though designed to be rated by psychiatrists, other physicians, nurses and psychologists can use the DRS-R98 if they have had appropriate training in evaluating psychiatric phenomenology in medically ill patients. The DRS-R98 is designed to rate symptoms over the previous 24 hours but can also be used to rate symptoms over variable periods from hours to weeks and for the purposes of this study was applied bi-weekly to encompass the previous 3-4 day period (i.e. since last assessment). It has high interrater reliability, validity, sensitivity and specificity for distinguishing delirium from mixed neuropsychiatric populations including dementia, depression, and schizophrenia (Trzepacz et al, 2001). 

Cognitive Test for Delirium (CTD)

The Cognitive Test for Delirium is designed to assess neuropsychological function in severely ill patients with delirium. It takes approximately 15-20 minutes and emphasises non-verbal (visual and auditory) over verbal abilities. It is thus suitable for use in a broad range of patients including those who are intubated or otherwise cannot speak. It was originally designed for use in severely ill ICU patients but has been applied to the study of delirium in palliative care (Meagher et al, 2007) and traumatic brain injury patients (Kennedy et al, 2003).  It allows the assessment of 5 neuropsychological domains (orientation / attention / memory / comprehension / vigilance) with each further divided into separate elements (e.g. item 2 (attention) includes both spatial span forwards (for registration and immediate recall) vs spatial span backwards for working memory). It generates a score of between 0-30, with higher scores indicating better cognitive function. An optimal cutoff score to discriminate delirium from other disorders is <19, however it can be used as a continuous, unidimensional measure of cognition in delirium (Kennedy et al 2003). It reliably distinguishes between dementia, schizophrenia and depression (Hart et al 1996) with the attention item that tests visual spatial span (forwards) and recognition for pictures the most discriminating subtests within the CTD for distinguishing delirium from dementia (Hart et al, 1997). 

Pre-existing persistent cognitive impairment and dementia 

Evidence of prior cognitive impairment of at least six months duration was determined from information derived from the combined assessment of medical notes, interview with the patient’s next of kin / carers and medical staff involved in the care of the patient. Cases of uncertainty were resolved by consensus of the delirium research and treating medical teams. 

Etiological attribution

Attribution of etiology based on all available clinical information was made by the palliative care physician according to a standardised Delirium Etiology Checklist [DEC](Trzepacz and Meagher, 2008) with 12 categories: drug intoxication, drug withdrawal, metabolic/endocrine disturbance, traumatic brain injury, seizures, infection (intracranial), infection (systemic), neoplasm (intracranial), neoplasm (systemic), cerebrovascular, organ insufficiency, other CNS, and other systemic.  The presence and suspected role for multiple potential causes was documented for each case of delirium which were rated on a five-point scale for degree of attribution to the delirium episode, ranging from ruled out/not present/not relevant (0) to definite cause (4).  

Consent

The procedures and rationale for the study were explained to all patients but because the majority of patients included in this work had DSM-IV delirium at entry into the study it was presumed that most would not be capable of giving informed written consent. Because of the non-invasive nature of the study, the Limerick Regional Ethics Committee approved an approach whereby patient verbal assent was augmented with proxy consent from next of kin (where possible) or a responsible caregiver. This is in accordance with best practices as outlined in the Helsinki Guidelines for Medical research involving human subjects (World Medical Association, 2004). A standard information sheet was provided for all components of the study.  This study did not have any identified significant risks but the patient or family were informed that they could withdraw participation at any stage.  

Statistical Analysis

The Generalized Estimating Equations method (GEE) was used to analyse the association of cognitive and non cognitive symptoms (subscale scores and individual items from the DRS-R98 and CTD) with the presence or absence of syndromal delirium over time. The GEE method takes into account the fact that observations within a subject are dependent and estimates the population average (co-efficient). The relationships between variables at different time points are analysed simultaneously so that the estimated co-efficient reflects the relationship between the longitudinal development of the dependent variable (e.g. delirium status : FSD vs SSD) and the longitudinal development of the predictor variables (e.g. age, gender, the DRS-R98 items) using all the data. GEE treat time dependency as a nuisance, as it combines a within-subjects relationship with a between-subjects relationship in a single regression co-efficient. 

Cases were divided into those that followed a resolving (full syndromal delirium (FSD) becoming SSD over time) or persisting delirium course (maintaining FSD over time) according to the evolution of DRS-R98 scores and again assessed for symptom evolution using the GEE approach. As the outcome variable was binary, the binominal family was chosen and the logit link used. The exchangeable correlation was assumed for controlling the correlations between the assessments.  To produce a visual representation of the cognitive and non-cognitive symptoms across the time, smoothing techniques and trellis graphs were used. Little's MCAR test indicated that there was no systematic pattern of missing values [χ2 = 119.5; DF = 219; p = 1.0]. Stata 10 and S-PLUS 6 software were used.

Results

Sample description 

The 100 patients underwent a total of 323 observations across 9 different time points. The clinical and demographic characteristics are shown in table 1. Reasons for discontinuing assessments were death (55 cases), recovery (30 cases), declined (12 cases), discharged (3 cases). Although at the first assessment all patients met DSM IV criteria for delirium, according to DRS-R98 scores 73 patients were categorised with full syndromal delirium (FSD) and 27 has subsyndromal delirium (SSD).

Table 1. Clinical and demographic characteristics of the complete population (n=100)

	Mean age (years)
	70.2 ± 10.5 (range 36-90)

	Male / female
	51 / 49

	Comorbid dementia
	27

	Mean number of identified etiologies per case
	3.4 ± 1.2 (range 1-7)

	Mean time from first assessment to death (years)
	45.3 ± 54.7 (Range 3-320)

	Mean Total DRS-R98 score 
	 20.1 ± 7.4

	Mean Total CTD score 
	13.8 ± 8.0


Figure 1 shows linear robust regression analysis of DRS-R98 cognitive and non-cognitive subscale scores over time for FSD vs SSD. This is a scatter plot with the lines representing smoothed linear regression lines produced by a method called robust MM smoothing which minimizes any skew caused by outliers amongst the small numbers at later assessments by using M-estimators which represent the maximum likelihood of the mean taking into account the median. This figure highlights the increasing dominance of cognitive symptoms as full syndromal delirium increases in duration.

Figure 1. Total cognitive and non-cognitive subscale scores for Subsyndromal (SSD) vs full syndromal delirium (FSD). 


[image: image23]
Figure 2 shows the 13 individual DRS-R98 items over time for FSD vs SSD. In both SSD and FSD symptom evolution did not follow a unitary pattern with, for example, in FSD some symptoms increasing over time (e.g. thought process abnormalities, short-term memory impairment), some decreasing (e.g. affective lability, delusions), while others were relatively stable (e.g. attention).

Figure 2.  Comparison of DRS-R98 item scores over time in Full Syndromal and Subsyndromal Delirium
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We used the GEE method to identify the symptoms with a significant effect on delirium status over time. Delirium status was the dependent variable with age, gender and the 13 DRS-R98 items used as independent variables. To control for correlations between the assessments the no constant correlation (exchangeable) “working” correlation was assumed.  

Table 2.  Generalised Equation Estimation (GEE) model for DRS-R98 severity scores in Full Syndromal Delirium (FSD) and Sub-syndromal Delirium (SSD). 

	
	Coefficient
	SE
	P
	Wald x2
	df
	95% C.I.

	Thought disturbances
	0.90
	0.43
	0.038
	4.357
	1
	0.51-1.75

	Delusions
	3.20
	1.00
	0.001
	10.383
	1
	1.25-5.17

	Hallucinations
	1.45
	0.41
	0.001
	12.463
	1
	0.64-2.25

	Agitation
	2.68
	0.59
	0.001
	20.379
	1
	1.51-3.85

	Retardation
	2.90
	0.67
	0.001
	19.067
	1
	1.59-4.22

	Orientation
	1.52
	0.57
	0.009
	6.962
	1
	0.38-2.65

	Attention
	1.77
	0.45
	0.001
	15.584
	1
	0.89-2.66

	Short-term memory
	1.57
	0.34
	0.001
	21.389
	1
	0.91-2.25

	Long-term memory
	1.75
	0.55
	0.002
	9.964
	1
	0.66-2.84

	Intercept
	-13.35
	2.57
	0.001
	27.214
	1
	-18.40- -8.31


At the beginning a full model with all the variables was conducted and if a variable did not have a significant effect in the model it was removed for the next step, and later was entered back when a different variable was dropped in order to examine its effects in the model. The final most parsimonious model is presented in table 2, which shows the significant differences between those who became subsyndromal in severity compared to those who continued to experience FSD over time. The coefficient represents the change in logit of outcome variable (i.e. FSD vs SSD) Associated with a one unit change in the predictor variable, where the logit is the natural logarithm of the odds of the outcome occurring. A wide range of symptoms - delusions, hallucinations, thought disturbances, retardation, agitation, orientation, attention, short and long term memory - distinguished SSD and FSD.

We performed a similar analysis for the CTD. The dependent variable was delirium (as a dichotomous variable DRS-R98 cut off 16) and the independent variables were the 5 cognitive domains measured with CTD plus demographic variables (age and gender). The final most parsimonious model is presented in table 3. Four variables  - attention, memory, orientation and vigilance had a significant effect on delirium syndromal status over time, with the negative sign indicating that diminished score (greater impairment) on the CTD item related to greater odds of FSD . 

Table 3 Generalised Equation Estimation (GEE) model for CTD items in Full Syndromal Delirium (FSD) vs Sub-syndromal Delirium (SSD). 

	CTD Item
	Coefficient
	SE
	Wald x2
	df
	p
	95% C.I.

	Attention
	-0.37
	0.11
	12.092
	1
	0.001
	-0.58- -0.16

	Memory
	-0.28
	0.09
	9.686
	1
	0.002
	-0.46- -0.10

	Vigilance
	-0.21
	0.10
	4.386
	1
	0.037
	-0.41- -0.01

	Orientation
	-0.27
	0.10
	7.684
	1
	0.006
	-0.47- -0.08

	Intercept
	4.51
	0.59
	57.913
	1
	0.001
	3.34- 5.67


 In subsequent analyses we also included dementia as a variable but this did not significantly impact upon the findings for the DRS-R98 or CTD items and as such the models for the complete cohort are shown. 

Resolving vs persisting delirium

In order to identify symptoms which are most relevant to persisting delirium we performed GEE analyses comparing symptom profile over time in resolving cases (initially meeting FSD criteria but now SSD) vs persisting FSD. Twenty seven cases were excluded where the pattern of delirium symptom severity was such that patients were initially subsyndromal in severity. Figure 3 compared DRS-R98 cognitive and non-cognitive subscale scores over time for those with resolving vs persisting delirium among the remaining 73 cases using linear robust regression. Similar to Figure 1, this is a scatter plot with the lines representing smoothed linear regression lines produced by a method called robust MM smoothing which minimizes any skew caused by outliers amongst the small numbers at later assessments by using M-estimators which represent the maximum likelihood of the mean taking into account the median. In contrast to the resolving cases, persisting delirium was characterized by increasing prominence of cognitive features.

Figure 3. DRS-R98 subscale score patterns compared for resolving vs persisting delirium.
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To identify the DRS-R98 items that were most relevant to persisting delirium, we performed a GEE using DRS-R98 cut-off of 16 to distinguish resolving from persistent delirium and entered the DRS-R98 individual items as independent variables. The final parsimonious model is shown in Table 4. Items which best predicted the likelihood of persisting delirium were more severe disturbances of orientation, short and long term memory, delusions, motor agitation, and most significantly, inattention and thought process abnormalities. 

Table 4. Generalised Equation Estimation model (GEE) of DRS-R98 items for resolving vs persisting delirium (n=73; 215 observations).

	DRS-R98 items
	Coefficient
	SE
	Wald x2
	df
	P
	95% C.I.

	Thought process abnormality
	2.46
	0.74
	11.104
	1
	0.001
	1-3.91

	Delusions
	3.32
	1.21
	7.655
	1
	0.006
	0.95-5.69

	Agitation
	2.71
	1.05
	6.826
	1
	0.010
	0.66- 4.7

	Orientation
	2.42
	0.83
	8.516
	1
	0.004
	0.78-4.05

	Attention
	1.68
	0.37
	20.873
	1
	0.001
	0.96-2.41

	Short term memory
	1.49
	0.71
	4.405
	1
	0.037
	0.09-2.89

	Long term memory
	1.01
	0.43
	5.555
	1
	0.019
	0.16-1.85

	Constant
	-10.93
	2.88
	14.595
	1
	0.001
	-16.58- -5.29


A similar analysis was performed using the CTD items as independent variables and again the final model is shown in Table 5. On this occasion, attention and vigilance were the items which best distinguished persisting from resolving delirium.

Table 5. Generalised Equation Estimation (GEE) model for CTD items in persisting vs resolving delirium (n=72; 201 observations). 

	CTD Item


	Coefficient
	SE
	Wald x2
	df
	p
	95% C.I.

	Attention
	-0.52
	0.15
	13.125
	1
	0.001
	-0.81- -0.24

	Vigilance
	-0.31
	0.14
	4.856
	1
	0.029
	-0.58- -0.32

	Intercept
	3.93
	0.46
	74.410
	1
	0.001
	3.04-4.84


These analyses were repeated with dementia as a predictor variable, but again the findings were not substantially altered. 

Discussion

Longitudinal data analysis and the GEE method

The fluctuating nature of delirium is such that its clinical complexity is best considered using longitudinal methods of data analysis. Panel data analysis, including cross-sectional time-series analysis, observes a group of people (the panel) on more than one occasion and may use generalized estimating equations (GEE). To date in delirium research, a small number of studies have used the GEE model. Dolan and colleagues (2000) used GEE to examine the prognostic significance of delirium on two year functional outcomes.  Gaudreau and coworkers (2007) used GEE to examine the relationship between corticosteroids, benzodiazepines, and opioids and longitudinal risk of delirium. Cheung and colleagues (2008) surveyed the recognition and labeling of delirium by Canadian intensivists and using GEE found that the presence an obvious medical etiology was a key factor in identification of delirium. 

 In this study we used the GEE method to explore the pattern of delirium symptoms over time specifically assessing how different elements of this complex neuropsychiatric syndrome are relevant to syndromal status and delirium persistence. This method has the advantage of exploring patterns according to population averages rather than for individual patients and is therefore suited to evaluating particular phenomenological states that vary over the course of an episode of delirium such that patients can change category. To our knowledge, this is the first application of this technique to the detailed analysis of delirium phenomenology.

The variable course of delirium symptoms

Although delirium is traditionally posited as a unitary syndrome, where multiple causes result in a characteristic and quite consistent pattern of neuropsychological disturbances, our work highlights that symptoms of delirium do not follow a unitary course. An important implication is that certain symptoms (e.g. inattention, thought process abnormality) that are more consistently present over the course of illness are more relevant to delirium detection and monitoring progress over time. This work highlights the importance of cognitive features as delirium becomes more persistent. Although initial entry to the study was according to DSM-IV criteria which require inattention, it is relevant that impaired attention continues to be a key feature that distinguishes persistent full syndromal delirium according to DRS-R98 scores which do not require specific symptoms such as the presence of inattention. As such this work provides further support for the role of inattention as a core element of the syndrome of delirium. In addition, these varying courses may reflect distinct pathophysiological or therapeutic targets. 

Subsyndromal delirium

Subsyndromal delirium (SSD) was first described by Lipowski (1983) and has subsequently been defined by either the presence of any core symptoms without full diagnostic criteria or severity scores on rating scales that are below diagnostic threshold. Subsyndromal presentations are common (Voyer et al, 2009) and associated with outcomes that are intermediate between those with and without delirium in terms of morbidity, mortality and length of hospital stay (Cole et al 2003; Marcantonio et al 2005; Ouimet et al 2007; Cole et al, 2008). Our work highlights that SSD is distinguished from FSD by a variety of symptoms, including motor activity disturbances (retardation, agitation), psychotic symptoms (delusions, hallucinations, thought process abnormalities) and specific cognitive domains (attention, orientation, short-term and long-term memory). Interestingly, sleep-wake cycle abnormalities, affective lability and alterations to speech and visuospatial performance did not distinguish full versus subsyndromal illness. This study utilizes a delirium symptom rating scale severity score to define subsyndromal illness and as such suggests that a range of delirium symptoms (rather than just presence of one or two core diagnostic features) are relevant to the concept of subsyndromal illness.  Equally, SSD as defined herein may simply reflect less symptomatically complex or milder episodes of delirium.  The sensitivity of the DRS may be impacted upon by the equal weighting for all thirteen severity items such that the cutoff scores for the DRS-R98 do not capture all cases that meet DSM-IV criteria which are the most inclusive criteria applied to DSM and ICD classification systems to date (Laurila et al, 2003). 

The prominence of motor activity disturbances in this study highlights their relevance in distinguishing FSD illness over the course of delirium episodes. Marcantonio and colleagues (2005) studied delirium psychomotor persistence over a week in elderly patients and found that lethargy and restlessness remained stable in 95% patients. Fann and coworkers (2005) also found great consistency in psychomotor disturbance in the 30 days post transplantation. Overall, there is increasing recognition of the importance of motor activity disturbances to delirium detection and clinical subtyping such that these disturbances may be seriously underemphasized in prevailing delirium definitions (Meagher et al 2008; Meagher, 2009) and warrants greater prominence in future descriptions of the syndrome of delirium either as diagnostic features and / or in the the description of clinical subtypes. 

Variable clinical course and symptom persistence

Previous work has found great heterogeneity in the clinical course of delirium ranging from brief transient illness to more prolonged episodes with symptom persistence and long-term cognitive impairment in many patients (Rudberg et al, 1997; Fann et al, 2005; Sylvestre et al, 2006; Sherer et al, 2009; Maclullich et al, 2009).  Cole and colleagues (2009) conducted a systematic review of 18 studies exploring the frequency and prognosis of persistent delirium and found that significant delirium symptoms were evident in 45% of patients at discharge, 33% at one month, 26% at 3 months and 21% at 6 months. Moreover, delirium persistence was associated with increased mortality, diminished subsequent adaptive function and independence. Other work has also identified elevated mortality in more persistent delirium (Kiely et al, 2009).

However, studies to date have been hampered by poor methodology with inadequate assessment tools to assess the broad range of symptoms that occur in delirium. Fann et al (2005) studied delirium symptoms over an eight week period and found that noncognitive features dominated in the prodromal phase with cognitive symptoms peaking at one week. McCusker and coworkers (2003) found that 12 months after diagnosis of delirium in elderly medical inpatients, inattention, disorientation and poor memory were the most persistent individual symptoms both in those with and without concomitant dementia. Our work also identifies increasing dominance of cognitive symptoms over time with increasing prominence of orientation, short and long term memory, motor agitation, delusions, disorganized thinking and disturbances of attention  on the DRS-R98. Overall, inattention and disorganized thinking were the most significant DRS-R98 features that distinguished more persistent illness. Similarly, for the CTD the tests of attention and vigilance were the most distinguishing. Our findings emphasize disturbance of attention as a dominant element throughout the course of delirium and are consistent with cross-sectional work which highlights inattention as a core feature of delirium (Meagher et al, 2007). 

Recent work has conceptualized delirium phenomenology as consisting of three core domains – (1) cognitive with disproportionate impairment of attention (2) circadian disturbance characterised by sleep-wake cycle and motor alterations, and (3) disturbances of higher level thinking (comprehension, language and thinking processes) (Trzepacz and Meagher, 2008; Franco et al 2009). Our work suggests that with increasing chronicity delirium is characterised more by disturbed cognitive and higher-order thinking with relatively less circadian rhythm disturbance compared with earlier phases of illness. These findings may reflect differences in underlying neurobiologies and may have therapeutic implications as to how delirium is best managed as it becomes more persistent. Further work involving longer periods of follow up can clarify the features of delirium that are more therapeutically relevant over time.

The distinction between delirium and dementia

More reliable differentiation of delirium from dementia is a key challenge for delirium research in general and for the development of more meaningful diagnostic criteria that can be assisted by phenomenological distinctions (Meagher and Trzepacz, 2007; Meagher et al, 2008). Certain clinical features may be less useful for distinguishing delirium in patients with comorbid dementia because of their frequency in dementia without delirium.  The prominence of both inattention and disorganized thinking in this study (which was independent of DSM IIIR (APA 1987) which includes disorganized thinking as a key diagnostic criterion) highlights the relevance of these features to delirium identification, especially over time, as delirium becomes more persistent. Laurila and colleagues (2004) found that impairment of attention; clouding of consciousness, perceptual disturbances and disorganized thinking were highly suggestive of delirium in patients with dementia, while disorientation, memory problems, impairment in abstract thinking and motor disturbances were less useful in diagnosing delirium in patients with dementia primarily because those symptoms are highly prevalent in such populations. The inclusion of 27 patients with comorbid dementia did not significantly impact upon findings highlighting that delirium symptoms dominate where delirium and dementia are comorbid  but with more impaired cognitive scores (Trzepacz et al 1998). Similarly, Cole et al (2002) concluded that delirium appeared to be phenomenologically similar among patients with and without dementia, although those with dementia tended to have more psychomotor agitation, disorganised thinking and disorientation.

Shortcomings

The longitudinal nature of this work is a significant strength but the potential for delirium to persist for months and beyond suggests that even longer periods of follow up can provide further insights into the evolution of phenomenological profile over the course of episodes. The use of a palliative care population brings particular characteristics (e.g. high frequency of terminal delirium) that may not generalise to other settings and these findings require confirmation in other settings such as elderly medical populations. The definition of SSD applied herein (using DRS-R98 cutoff scores) identifies patients who would be considered fully syndromal according to less restrictive criteria (e.g. DSM-IV) thus highlighting the need for clarity as to how best SSD should be defined. Finally, the inclusion of patients with comorbid dementia makes this cohort representative of real world populations that develop delirium but the comparisons reported herein would be more optimally investigated using larger numbers of patients with comorbid illness. 

Conclusions 

This study reports the detailed symptom assessment serially over course of episode using highly structured and validated instruments. This work highlights that delirium symptoms do not follow a unitary course, with some features more consistent over the course of an episode (e.g. Attention). These symptoms should be the focus of efforts at detection and diagnosis. Full syndromal illness is distuinguished from subsyndromal illness by a wide range of cognitive and non-cognitive symptoms of delirium while more persistent illness is characterized by increasing prominence of cognitive impairments. 

References for Chapter 6

American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders, 4th Edition. Washington, DC, American Psychiatric Association, 1994

American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders, 3rd Edition, Revised. Washington, DC, American Psychiatric Association, 1987

Bourdel-Marchasson I, Vincent S, Germain C, Salles N, et al (2004). Delirium symptoms and low dietary intake in older inpatients are independent predictors of institutionalization: a 1-year prospective population-based study. Journal of Gerontology and Biological Medical Sciences 59:350-4

Cole, M. G. (2004) Delirium in elderly patients. American Journal of Geriatric Psychiatry 12, 7–21.
Cole MG, McCusker J, Ciampi A, Dyachenko A (2007). An exploratory study of diagnostic criteria for delirium in older medical inpatients. Journal of  Neuropsychiatry and Clinical Neurosciences 19: 151-6.

Cole M, McCusker J, Dendukuri N, Han L (2003). The prognostic significance of subsyndromal delirium in elderly medical inpatients. Journal of the American Geriatrics Society 51:754-60.

Cole MG, McCusker J, Ciampi A, Belzile E (2008). The 6- and 12-month outcomes of older medical inpatients who recover from subsyndromal delirium. Journal of the American Geriatrics Society 56:2093-9.

Cole MG, Ciampi A, Belzile E, Zhong L (2009). Persistent delirium in older hospital patients: a systematic review of frequency and prognosis. Age Ageing 38:19-26.

Cheung CZ, Alibhai SM, Robinson M er al (2008). Recognition and labeling of delirium symptoms by intensivists: does it matter? Intensive Care Medicine 34:437-46.

Dolan MM, Hawkes WG, Zimmerman SI et al (2000). Delirium on hospital admission in aged hip fracture patients: prediction of mortality and 2-year functional outcomes. Journal of Gerontology 55A;9: M527-M534

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

Fann, J. R., Alfano, C. M., Burington, B. E., Roth-Roemer, S., Katon, W. J., & Syrjala, K. L. (2005). Clinical presentation of delirium in patients undergoing hematopoietic stem cell transplantation. Cancer 103: 810–820.

Franco JG, Trzepacz PT, Mejia MA, Ochoa S (2009). Factor analysis of the Colombian translation of the delirium rating scale (DRS), revised -98. Psychosomatics 50: 255-262

Gaudreau JD, Gagnon P, Roy MA et al (2007). Opioid medications and longitudinal risk of delirium in hospitalized cancer patients. Cancer 109: 2365-2373  

Gupta N, de Jonghe J, Schieveld J, Leonard M, Meagher D (2008). Delirium phenomenology: what can we learn from the symptoms of delirium? Journal of Psychosomatic Research 65:215-22. 

Hart RP, Levenson JL, Sessler CN, et al (1996). Validation of a cognitive test for delirium in medical ICU patients. Psychosomatics 37:533–546.

Hart RP, Best AM, Sessler CN, et al (1997). Abbreviated Cognitive Test for Delirium. J Psychosomatic Research 43:417–423.

Inouye, SK, van Dyck, CH, Alessi, CA, Balkin, S, Siegal, AP, Horwitz, RI (1990). Clarifying confusion: the confusion assessment method. A new method for detecting delirium. Annals of Internal Medicine 113: 941–948.

Kennedy RE, Nakase-Thompson R, Nick TG, Shere M (2003). Use of the Cognitive Test for Delirium in patients with traumatic brain injury. Psychosomatics 44:283-289.

Kiely DK, Marcantonio ER, Inouye SK, Shaffer ML, et al (2009). Persistent delirium predicts mortality. Journal of the American Geriatrics Society 57:55-61.

Laurila JV, Pitkala KH, Strandberg TE, Tilvis RS (2003). The impact of different diagnostic criteria on prevalence rates for delirium. Dementia and Geriatric Cognitive Disorders 16:156-62.

Laurila JV, Pitkala KH, Strandberg TE, Tilvis RS (2004). Delirium among patients with and without dementia: does the diagnosis according to the DSM-IV differ from the previous classifications? International Journal of Geriatric Psychiatry. 19:271-7.

Leentjens AFG, MacLullich AM, Meagher DJ (2008). Delirium, Cinderella no more...? Journal of Psychosomatic Research 65:205. 

Leonard M, Raju B, Conroy M, Donnelly S, Trzepacz PT, Saunders J, Meagher D (2008). Reversibility of delirium in terminally ill patients and predictors of mortality. Palliative Medicine 22: 848-854.

Lipowski ZJ (1983). Transient cognitive disorders (delirium, acute confusional states) in the elderly. American Journal of Psychiatry 140: 1426-36.

Marcantonio ER, Simon SE, Orav EJ, et al (2002). Outcomes of elders admitted to post-acute care facilities with delirium, subsyndromal delirium, or no delirium. Journal of the American Geriatrics Society 50:S168.

Marcantonio ER, Kiely DK, Simon SE et al (2005). Outcomes of older people admitted to post acute facilities with delirium. Journal of the American Geriatrics Society 53: 963-969.

MacLullich AM, Beaglehole A, Hall RJ, Meagher DJ (2009). Delirium and long-term cognitive impairment. International Review of Psychiatry 21: 30-42. 

McCusker J, Cole M, Dendukuri N, Han L, Belzile E (2003). The course of delirium in older medical inpatients: a prospective study. Journal of General and Internal Medicine 18: 696-704.

Meagher D, MacLullich A, Laurila J, Kalisvaart K (2008). Defining delirium for the International Classification of Diseases, 11th revision. Journal of Psychosomatic Research 65: 207-214  

Meagher D. (2009). More attention, less confusion: time to lessen the burden of delirium. International Review of Psychiatry 21: 1-3.

Meagher DJ, Trzepacz PT (2007). Phenomenological distinctions needed in DSM-V: delirium, subsyndromal delirium and dementias. Journal of Neuropsychiatry and Clinical Neurosciences 19:468-70.

Meagher DJ, Moran M, Raju B et al (2007). Phenomenology of 100 consecutive cases of adult delirium. British Journal of Psychiatry 190: 135-41. 

Meagher DJ (2009). Motor subtypes of delirium: past present and future. International Review of Psychiatry 21: 59-73

Ouimet S, Riker R, Bergeron N, Cossette M, Kavanagh B, Skrobik Y (2007). Subsyndromal delirium in ICU: evidence for a disease spectrum. Intensive Care Medicine  33:1007-13

Sylvestre MP, McCusker J, Cole M, Regasse A, Belzile E, Abrahamowicz M (2006). Classification of patterns of delirium severity scores over time in an elderly population. International Psychogeriatrics 18: 667-680.

Rudberg MA, Pompei P, Foreman MD, Ross RE, Cassel CK (1997). The natural history of delirium in older hospitalized patients: a syndrome of heterogeneity. Age Ageing 26:169-74. 

Ryan K, Leonard M, Guerin S et al (2009) Validation of the confusion assessment method in the palliative care setting. Palliative Medicine 23:40-45.

Sherer M, Yablon SA, Nakase-Richardson R (2009). Patterns of recovery of posttraumatic confusional state in neurorehabilitation admissions after traumatic brain injury. Archives of Physical Medicine and Rehabilitation 90: 1749-1754

Siddiqi N, House AO, Holmes JD (2006). Occurrence and outcome of delirium in medical in-patients: a systematic literature review. Age and Ageing 35: 350–364.

Trzepacz PT, Mittal D, Torres R, et al (2002). Validation of the Delirium Rating Scale–Revised-98: comparison to the Delirium Rating Scale and Cognitive Test for Delirium. Journal of Neuropsychiatry and Clinical Neurosciences 13:229–242. 

Trzepacz PT, Meagher DJ. (2008). Neuropsychiatric aspects of delirium. In S. C. Yudovsky & R. E. Hales (Eds.), Textbook of neuropsychiatry and behavioral neurosciences. Washington, DC: American Psychiatric Publishing

Trzepacz PT, Maldonado JR, Kean J, Abell M, Meagher DJ (2009). The Delirium Rating Scale- Revised-98 (DRS-R98) Administration Manual.  A guide to increase understanding of how to solicit delirium symptoms to administer the DRS-R98. 

Voyer P, Richard S, Doucet L, Carmichael PH (2009). Detecting delirium and subsyndromal delirium using different diagnostic criteria among demented long-term care residents. Journal of the American Medical Directors Association 10:181-8.

World Health Organization (1993). International Statistical Classification of Diseases and Related Health Problems, 10th Revision. Geneva, World Health Organization.

World Medical Association (2004) Declaration of Helsinki: Ethical Principles for Medical Research Involving Human Subjects Subjects. Http://www.wma.net/e/policy/pdf/. 17c.pdf.
Commentary on chapters 2-6

The studies described in chapters 2, 5 and 6 provide a level of detail regarding delirium phenomenology that has not been previously described. While the central role of cognitive disturbance in delirium is highlighted, including highly consistent and disproportionate disturbance of attention, the prominence of disruptions to sleep-wake cycle, motor activity and higher order thinking are also evident to an extent which has not been emphasized in previous work. 

This information is valuable in our efforts to develop descriptions of delirium that are representative of the syndrome in its heterogeneity and breadth while also allowing for more consistent detection in clinical practice. The longitudinal studies described in chapters 5 and 6 further emphasize the importance of inattention as a core feature as well as the importance of disorganised thinking and motor / sleep-wake cycle disturbances in distinguishing full syndromal delirium from subsyndromal illness. 

The challenge of developing a definition of delirium for ICD-11 and / or DSM V can be usefully informed by these studies. A more precise definition than the existing gold standard provided by DSM-IV would include three major symptom domains – 

(1) Impaired attention 

(2) Disturbance of higher order thinking 

(3) evidence of circadian rhythm disturbance i.e. to sleep-wake cycle or motor activity. 

On the basis of these observations, we propose Meagher and Trzepacz Delirium Research Criteria where these three symptom domains are represented by items B- D and the contextual features of delirium are represented within items A (the temporal course) and E (physical cause).


	Table 1. Proposed Neuropsychiatric criteria for delirium diagnosis (Meagher and Trzepacz)


	
A. Acute/subacute impairment of consciousness in an aroused cortex (not coma or stupor) with or without fluctuating severity of symptoms 

B. Evidence of impaired attention (eg, vigilance, span, freedom from distractibility, set shifting) 

C. Information processing impairment as evidenced by: 
        - Deficits in at least one other cognitive domain (eg, orientation, memory, visuospatial ability, executive function) 
        - Disorganised thinking as evidenced by diminished comprehension/semantic expression and/or thought process abnormality

D. Circadian disturbance as evidenced by sleep-wake cycle disturbance, and / or motor activity disturbance 

E. Temporally-related identifiable medical / surgical / traumatic / pharmacological factor(s) that can account for the altered consciousness



Disturbances in domains B-D would be mandatory for ‘core’ delirium while more relaxed criteria might be applicable in circumstances where greater sensitivity is desirable (e.g. identification in clinical practice), although the application of such criteria would need to be tested in formal studies of mixed neuropsychiatric populations and comparing with delirium diagnostic rates using DSM IV, DSM IIIR and ICD-10, as well as patients reaching cutoff scores on diagnostic tools such as the DRS-R98. The frequency of disturbances highlighted in these chapters suggest that the inclusion of disorganised thinking, motor and sleep disturbances should not greatly reduce the inclusiveness (in comparison with DSM-IV) while also allowing for a more representative and precise definition. 

These proposals would be greatly supported by additional studies – both cross-sectional and longitudinal, as well as in a variety of populations that experience delirium. The inclusion, and separate analysis, of cases with comorbid dementia suggest that these suggestions can be extended to delirium where it is complicated by other cognitive difficulties but this important issue requires specific study that includes greater numbers with comorbid illness that is more precisely defined than herein (e.g. using more sensitive diagnostic criteria regarding dementia and it’s subtypes). Further work exploring the characteristics of comorbid illness are especially important given the particular difficulties in reliable and consistent detection of delirium in comorbid cases in real world practice. 

Each of these studies report patient cohorts that were assessed by a team of trained researchers. In addition, any difficult ratings were considered by the research team and rated by consensus. Future work might extend this approach by also including formal measurement of inter-rater reliability.

Finally our serial work provides important new insights into the phenomenological profile over the course of episodes, and highlights that although the delirium symptoms are subject to considerable fluctuation over short periods for the majority of patients, phenomenological expression over more sustained periods is quite consistent for individual patients. In addition, cognitive disturbances are increasingly prominent as delirium persists. These findings are relevant to the increasing recognition of persistent cognitive problems that can occur in association with delirium. The relatively short period of follow-up of this palliative care population limits the extent to which observations can be made regarding longer term outcomes but further studies can address this issue in greater detail, including characterising the nature of persistent / long-term cognitive difficulties and their relationship to dementias.

Introduction to chapters 7 and 8

The delirium-dementia interface provides the principal focus for these chapters. Chapter 7 is a review editorial that outlines many of the challenges in accounting for comorbidity, phenomenological overlap between delirium and the behavioural and psychological symptoms of dementia, and the different types of dementia some of which are very similar to delirium in clinical profile. Potential solutions to these challenges that would allow for the development of diagnostic criteria that allow for more reliable distinction of these disorders by incorporating evidence from existing studies of phenomenology, etiology, pathophysiology and genetics. 

The possibilities provided by phenomenological research are explored in more detail in chapter 8 which includes a cross-sectional comparison of neuropsychiatric and neuropsychological symptom profile in patients with delirium, comorbid delirium-dementia, dementia without delirium and without documented cognitive impairment. 
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Phenomenological distinctions are needed in DSM-V: delirium, subsyndromal delirium and dementias
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Background

Prior to DSM III, diagnostic criteria to distinguish delirium and dementia were lacking.  Research using DSM-III and subsequent versions has highlighted substantial comorbidity between these two major cognitive disorders with up to 89% of hospitalized dementia patients experiencing delirium (Fick et al, 2002). Delirium negatively impacts subsequent functional capacity, trajectory of cognitive decline, and is associated with increased morbidity and mortality, yet is frequently under diagnosed, especially in older patients where overlapping symptoms with dementias present diagnostic challenges. Although neuropsychiatric symptoms are almost ubiquitous during the course of dementia (Aalten et al, 2005), the role of unrecognized comorbid delirium in causing or exacerbating these symptoms has received limited attention despite the heightened vulnerability to deliriogenic factors (e.g. anticholinergic medication effects) in dementia populations. 

Delirium and psychotic symptoms in dementia

Various evidence suggests that psychotic symptoms in dementia may be due to unrecognised superimposed delirium. The course of psychotic symptoms in Alzheimer’s disease (AD) follows two contrasting patterns – persistence with treatment resistance vs. relative transience, the latter consistent with delirious states (Ballard et al, 1997). Recent factor analytic studies indicate distinct phenomenological patterns to psychosis in AD – hallucinations and misidentifications which correlate with cognitive impairment vs. persecutory delusions that relate more closely to mood disturbances or other factors such as delirium (Perez-Madrinan et al, 2004; Wilkosz et al, 2006). The risk of psychosis in both delirium and AD is related to the magnitude of medical morbidity (Webster and Holroyd, 2000; Bassiony et al, 2000) - a risk factor for delirium – as well as with Catechol-O-Methyl Transferase (COMT) genetic variations (Sweet et al, 2005; Nakamura et al, 2001). Moreover, dementia complicated by psychosis evidences generalized slowing on EEG comparable to that in delirium and is independent of dementia severity (Edwards-Lee et al, 2000). 

Distinguishing delirium and dementia

The traditional distinction between delirium and dementia according to acuteness of onset and temporal course is less clear in elderly who develop “persistent cognitive impairment” following an episode of delirium (Wacker et al, 2006) or experience the fluctuating symptom pattern of Lewy Body Dementia (LBD). Delirium may be the harbinger of an underlying undiagnosed dementia (Koponen et al, 1994) or persistent cognitive deficits may relate to medical problems that caused delirium (eg, hypoxemia, encephalitis), medication effects, consequences of inability to cooperate with treatments, or direct neurotoxicity of delirium. DSM IV describes a circularity in delirium-dementia differentiation with delirium the suggested diagnosis where cognitive changes “are not better accounted for by a pre-existing, established or evolving dementia” and dementia diagnosed where “deficits do not occur exclusively during the course of a delirium.”  Further, subsyndromal delirium is not recognized in DSM-IV-TR nor are guidelines offered for when post-delirium cognitive impairment is better attributed to dementia.  

DSM V can provide more clarity regarding differential diagnosis and comorbidity by addressing relative frequencies and characteristics of individual symptoms, including further phenomenological delineation of dementia types, and by increasing awareness of symptoms possibly related to subsyndromal delirium. It is underappreciated that delirium symptoms predominate dementia symptoms when they are comorbid, but present with more impaired cognitive scores (Trzepacz et al, 1998) or more disorganized thinking and disorientation (Cole et al, 2002). These studies lend credence to the clinical dictum to “assume delirium until proven otherwise”. Careful history-taking and use of sensitive and specific delirium assessment instruments (e.g. DRS-R98) can reliably distinguish delirium from dementia. 

Phenomenological differences

Neuropsychiatric symptom patterns also assist differentiation - In AD attentional abilities are relatively spared compared with LBD and delirium (Calderon et al, 2001). Blinded ratings of delirium and dementia cases found greater impairment in delirium for disturbances of attention, visuospatial ability, sleep-wake cycle, perception, thought process, affective lability, motor agitation, comprehension as well as acuity of onset and fluctuation of symptoms (Trzepacz et al, 2002). EEG findings can further aid differential diagnosis, especially with prion-induced dementias and LBD. 

Criteria exist for differentiating psychosis of AD from functional psychoses (Jeste and Finkel, 2000) but are less clear regarding delirium, although differences exist; Delusions in delirium typically involve paranoia about immediate well-being or perceived danger in the environment, whereas delusions in AD commonly reflect themes of being robbed or abandoned or are really misidentifications (Perez-Madrigan et al, 2004). Formal thought disorder in delirium frequently involves illogicality and derailment compared with the poverty of thought of dementia (Cole, 2004). Visual illusions and hallucinations are most common in delirium and LBD, compared to AD where careful interviewing is needed to differentiate complex visual hallucinations from delusions or confabulations.  Tactile hallucinations and formication are highly suggestive of delirium.

Psychosis in Alzheimer’s disease correlates with the rate and severity of cognitive decline, especially disturbances of attention, construction, and fluency (Paulsen et al, 2000). In contrast, studies of delirium suggest no correlation between cognition and psychosis (Meagher et al, 2007). Moreover, psychosis is related to structural neuropathological changes in AD (Farber et al, 2000), whereas psychosis in delirium may reflect neurochemical changes associated with particular etiologies. Apolipoprotein E genotype and premorbid schizotypal features are risk factors for psychosis in AD but not in delirium (Eror et al, 2005; Bassiony et al, 2003; Van Munster et al, 2005).  

Psychotic symptoms in delirium respond well to neuroleptics (Breitbart et al, 1996; Breitbart et al, 2002), but less so in AD reflecting the relatively greater increase in central dopaminergic function that occurs with delirium (van der Cammen et al, 2006). Cholinergic agents are mainstays for Alzheimer’s disease treatment and chronic prophylaxis with rivastigmine in vascular dementia reduces delirium incidence (Moretti et al, 2004). Cholinergic agents show some promise in treating delirium (Diaz et al, 2001).  We hypothesize that neuropsychiatric symptom improvement in dementia using neuroleptics or cholinergic agents may be partly attributable to treating or preventing a component of delirium. 

DSM-V

DSM remains the gold standard for research diagnoses and therefore its specificity in differentiating delirium and dementia is crucial to efforts to illuminate the neuropsychiatry of these disorders. We propose that 1.) dementia research needs to more carefully assess any delirium component and utilize instruments that capture characteristics that differentiate these disorders (e.g., DRS-R98), 2.) The differing courses of delirium symptoms (acute transient vs recurring vs persistent improving / not improving) should be categorized 3.) DSM-V should include phenomenological detail about syndromal and subsyndromal delirium, including relative frequency of all core and associated symptoms, 4.) DSM-V should include phenomenological detail and relative frequency of symptoms for major types of dementias, and 5.) DSM-V should more strongly encourage differential diagnosis of delirium and subsyndromal delirium in the dementia sections as possible reasons for the clinical presentation during the course of illness or responsiveness to treatments.  
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Abstract

Purpose : Delirium and dementia have overlapping features that complicate differential diagnosis. Delirium symptoms overshadow dementia symptoms when they co-occur, but delirium phenomenology in comorbid cases has not been compared to both conditions alone.

Methods : Consecutive adults with DSM-IV delirium, dementia, comorbid delirium-dementia, and cognitively intact controls were assessed using the Revised Delirium Rating Scale (DRS-R98) and Cognitive Test for Delirium (CTD).  

Results : Delirium and comorbid delirium-dementia groups had comparable DRS-R98 and CTD total scores which were greater than in dementia or control groups.  On the DRS-R98, multiple non-cognitive symptoms, inattention and disorientation  were more severe in both delirium groups compared with dementia-alone. Patients with dementia differed from both delirium groups on the CTD test of attention. Spatial span backwards was significantly lower in all patients with  cognitive impairment (delirium, comorbid delirium-dementia, dementia alone) compared to controls, whereas spatial span forwards distinguished delirium groups from dementia. 

Conclusions : Delirium phenomenology is similar with or without comorbid dementia.  A wide range of neuropsychiatric symptoms distinguish delirium from dementia. Spatial span forward is disproportionately diminished in delirium , suggesting usefulness as a differentiating screening test.  

Introduction

Delirium and dementia are the two major generalised cognitive disorders that historically have been distinguished by features such as temporal course and reversibility, with delirium considered more acute in onset and fluctuating in daily symptom severity while dementias associated with a deteriorating course.  The cardinal cognitive disturbance in delirium is inattention while in most dementias there is disproportionate memory disturbance with relatively preserved attention. Distinction of these disorders is important because the urgency of investigation and treatment is greater for delirium which can reflect a medical emergency.    However, some dementias have a more acute onset (e.g. dementia of Lewy body type, large CVA-related dementia) and distinction is further complicated by the high comorbidity such that dementia co-occurs in as many as two thirds of delirium cases in elderly populations (Fick et al, 2000). Moreover, persistent cognitive impairments have been described during longer term follow up of elderly patients experiencing delirium, raising questions about reversibility and prognosis after a delirium episode (Trzepacz and Meagher, 2008).  

While acute onset, fluctuating course, and attribution to an identifiable temporally related etiology are useful distinguishing features for delirium diagnosis, there are surprisingly few studies that have compared delirium phenomenology between delirium and dementia. Most compared delirium symptoms between delirium and comorbid delirium-dementia groups, but without a ‘pure’ dementia group (Liptzin et al, 1993; Trzepacz et al, 1998; Laurila et al, 2004; Voyer et al, 2006; Edlund et al, 2007).  Moreover, there has been limited work comparing cognitive profiles in these disorders. Floor effects for neuropsychological tests also make it challenging to find instruments useful in delirium where the level of cognitive impairment is quite severe. Two specific and validated tools have allowed for more detailed study of delirium: the Cognitive Test for Delirium [CTD](Hart et al, 1996) that measures five cognitive domains using standard neuropsychological methods and the Delirium Rating Scale-Revised-98 [DRS-R98](Trzepacz et al, 2001) that measures a broad range of delirium symptoms not measured by other delirium instruments including language, thought process, visuospatial ability, and both short and long-term memory.  

We report a study in a palliative care setting comparing the severity of delirium symptoms in nondemented control patients to those with delirium, dementia, and comorbid delirium-dementia using the DRS-R98 and the CTD. In particular we aimed to address: (1) How does neuropsychiatric and cognitive profile in comorbid delirium-dementia compare to that of either disorder alone when analysed in conjunction with controls in the same setting and (2) Which features best differentiate controls from delirium or dementia, and delirium groups from dementia.
Methods

Subjects and Design

We conducted a prospective cross-sectional study of delirium symptoms and cognitive performance in consecutive adult cases of delirium, dementia, comorbid delirium-dementia, and cognitively normal comparison subjects receiving care in the same palliative care inpatient service. Cases with altered mental state were identified on daily rounds by the palliative care medical team and consecutively referred for delirium diagnosis according to DSM IV criteria by the research team.  Assessments were conducted by trained raters in the use of the DRS-R98 and CTD (ML or DM) and to further enhance interrater reliability, difficult ratings were discussed and rated by consensus between both raters. Patients who had normal cognition as determined by an Abbreviated Mental Test (Hodkinson, 1972) score greater than 6 points and no prior history of cognitive disturbance were randomly recruited for assessment. Dementia was defined as the presence of persistent cognitive impairment for at least 6 months prior to the assessment and per DSM criteria based on all available information at the time of assessment including clinical case notes and collateral history from family and / or carers (APA, 1994). Comorbid delirium-dementia was defined as the presence of both disorders. Each case was then assessed by first completing the DRS-R98 followed by administration of the CTD. The DRS-R98 rated the preceding 24 hour period whereas the CTD measured cognition at the time of its administration.  CTD responses were not used to rate DRS-R98 items.  Both the DRS-R98 and the CTD are well validated instruments, highly structured and anchored for rating and scoring. 

Informed Consent  

The procedures and rationale for the study were explained to all patients but because many patients had cognitive impairment at entry into the study it was presumed that most were not capable of giving informed written consent. Because of the non-invasive nature of the study ethics committee approval was given to augment patient assent with proxy consent from next of kin (where possible) or a responsible caregiver for all participants in accordance with the Helsinki Guidelines for Medical research involving human subjects (World Medical Association, 2004). 

Assessments

Demographic data, medical diagnoses, and medication at the time of the assessment were recorded.  All available information from medical records and where possible collateral history was used. Nursing staff were interviewed to assist rating of symptoms over the previous 24 hours.  
The Delirium Rating Scale-Revised-98 [DRS-R98](9) is designed for broad phenomenological assessment of delirium. It is a 16-item scale with 13 severity and 3 diagnostic items with high interrater reliability, sensitivity and specificity for detecting delirium in mixed neuropsychiatric and other hospital populations (Trzepacz et al, 2001). Each item is rated 0 (absent/normal) to 3 (severe impairment) with descriptions anchoring each severity level.  Severity scale scores range from 0-39 with higher scores indicating more severe delirium. Delirium typically involves scores above 15 points (Severity scale) or 18 points (Total scale) when dementia is in the differential diagnosis.  For determination of item frequencies in this study, any item score > 1 was considered as being “present”. DRS-R98 items can be divided into cognitive (#9-13) and non-cognitive (#1-8) subscales based on construct validity.

The Cognitive Test for Delirium [CTD](Hart et al, 1996) was specifically designed to assess hospitalized delirium patients, in particular those who are intubated or unable to speak or write.   It assesses five neuropsychological domains (orientation, attention, memory, comprehension, and vigilance) emphasizing nonverbal (visual and auditory) modalities.  Tests are components of standardized and widely used neuropsychological tests.  Attention on the CTD is assessed visually using the spatial span test (forwards and backwards) from the Wechsler Memory  Scale (Hart et al, 1997). Each individual domain is scored from 0-6 by 2 point increments, except for comprehension (single point increments). Total scores range between 0-30 with higher scores indicating better cognitive function and scores of less than 19 consistent with delirium.  It reliably differentiates delirium from other neuropsychiatric conditions including dementia, schizophrenia and depression (Hart et al, 1997). 

Statistical Analyses

Statistical analysis was conducted using the SPSS-14.0 package. Demographic and rating scale data were expressed as means plus standard deviation. Continuous variables (e.g. age, total DRS-R98 and CTD scores) were compared by one way ANOVA with Tukey’s Honest Significant Difference (HSD) test used for post hoc pairwise comparisons. Non-normal data (e.g. DRS-R98 and CTD item scores) were compared with Mann-Whitney U tests for between group comparisons with a Bonferroni correction level of p<0.005 applied for the DRS-R98 item comparisons.  Correlations between DRS-R98 and CTD item scores were made using Spearman’s rank correlation coefficient.

Results

Demographic and medication data for patients from the four groups are shown in Table 1.  Both groups with evidence of dementia were significantly older (p<0.001) than the delirium and cognitively intact control groups. The principal causes of delirium (n=80) were systemic infection (29), metabolic disturbance (26), drug intoxication (17) while 11 subjects from the delirium groups had a documented CNS neoplastic lesion. The dementia had been diagnosed in 10 cases (3 with Alzheimer’s dementia, 2 with vascular dementia, 5 with unspecified type) and was newly documented in a further 10 cases. Two patients from the dementia group had a documented CNS neoplastic lesion. The overall number of medications used was similar for the four groups but when analysis was restricted to psychotropic agents, the delirium groups both had more than the other groups. This principally reflected greater use of antipsychotic agents in delirium (67%) and delirium-dementia (58%) groups vs. dementia (22%) and controls (30%)(p=0.002).

Table1. Demographic and medication data for the four patient groups (mean + SD).

	
	Controls

(n=40)
	Delirium 

(n=40)
	Comorbid

delirium-dementia

(n=40)
	Dementia

(n=20)

	Age (years)a
	66.3 ± 10.9
	68.7 ± 12.6
	74.9 ± 8.5
	78.6 ± 7.8

	Sex (% male)
	47
	57
	45
	55

	Number of medications
	9.4 ± 3.3
	11.0 ± 3.7
	9.9 ± 4.1
	9.5 ( 3.2

	Number of psychotropic medicationsb
	2.3 ± 1.2
	3.4 ± 1.4
	3.2 ± 1.7
	2.4 ± 1.2


aANOVA p<0.001; dementia groups vs delirium and controls.

bANOVA p=0.002; delirium groups vs dementia and controls

Table 2 compares mean scores for delirium groups vs dementia and control groups for the DRS-R98 total and severity scales, DRS-R98 cognitive and non-cognitive subscales, and total CTD.  Controls were significantly less impaired on all scores than any other group, scoring in normal ranges (P<0.001). Comorbid delirium-dementia was not significantly different from delirium except that the non-cognitive subscale was higher in delirium (p=0.04).  Comorbid delirium-dementia differed from dementia on all DRS-R98 and CTD scores. Total CTD score showed only a trend (p=0.07) for delirium vs dementia.  Only two patients in the dementia group (10%) had DRS-R98 total scores above 15 while 6 had total CTD scores less than 19. Figure 1 compares median total DRS-R98 scores for the 4 groups. Scores were higher for both delirium groups compared with dementia (p<0.001) and greater for dementia compared with controls (p<0.001). Scores did not differ between delirium groups. 

Table 2. Comparison of means + SD on DRS-R98 scale scores and total CTD score in four groups.

	
	Controlsa
(n=40)
	Delirium

(n=40)
	Comorbid

delirium-dementia

(n=40)
	Dementia

(n=20)

	DRS-R98 Total
	4.1 ± 1.8
	22.0 ± 6.6 b
	21.0 ± 5.1 b
	11.2 ± 3.5e

	DRS-R98 Severity
	3.2 ± 1.6
	17.9 ± 6.1 b
	16.7 ± 4.8 b
	10.2 ± 3.5e

	DRS-R98 

Noncognitive 

subscale
	2.1 ± 1.4

	9.7 ± 5.2 b

	7.4 ± 3.3 b

	3.2 ± 1.3f

	DRS-R98 Cognitive 

subscale
	0.9 ± 1.2
	8.6 ± 3.1d

	9.5 ± 3.2 c

	7.0 ± 3.1e

	CTD Total
	27.0 ( 1.9
	13.1 ( 7.9
	12.7 ( 7.7d
	17.2 ( 7.3e


a Controls scored in the normal range for all measures.

b p<.001 vs dementia

c p=.007 vs. dementia

d p<.05 vs dementia

e p<.001 dementia vs. controls

f p<.01 dementia vs. controls

Mean scores for DRS-R98 items are described in Table 3. Only language was similar across all groups. Both delirium and delirium-dementia groups had higher scores for the majority of symptoms when compared with dementia alone and were comparable to each other except for thought process abnormality that was worse in delirium than delirium-dementia. A wide range of DRS-R98 noncognitive items (sleep-wake cycle, perceptual abnormality, affective lability, thought process abnormality, motor agitation and motor retardation) were more severe in both delirium groups as compared to dementia, but only thought process abnormalities and motor agitation remained statistically significant after correction for multiple testing. The only cognitive items that distinguished these groups were attention and orientation but in both cases this did not reach statistical significance after correction for multiple testing.  Delirium diagnostic items (symptom fluctuation, acute onset, attributable physical disorder) significantly distinguished delirium groups from the other groups but did not distinguish dementia from controls.  The dementia group differed from controls only on the five cognitive symptoms.  

Table 3. DRS-R98 item severities (mean scores ( SD) for the four groups. 

	DRS-R98 Item
	Controls

(n=40)
	Delirium

(n=40)
	Comorbid

delirium-

dementia

(n=40)
	Dementia

(n=20)

	1. Sleep-wake cycle 

disturbance 
	0.7 ( 0.7
	1.6 ( 0.8b
	1.5 ( 0.7b
	1.0 ( 0.6e

	2. Perceptual disturbances 

and hallucinations  
	0.1 ( 0.3
	0.8 ( 1.2a
	0.7 ( 1.0a
	0.1 ( 0.3e

	3. Delusions
	0.0 ( 0.0
	0.2 ( 0.7
	0.6 ( 1.0a
	0.1 ( 0.5e

	4. Lability of affect 
	0.2 ( 0.4
	0.9 ( 0.8c
	0.7 ( 0.7b
	0.2 ( 0.4e

	5. Language 
	0.3 ( 0.5
	1.3 ( 0.7
	1.0 ( 0.8
	0.9 ( 0.6

	6. Thought process 

abnormalities 
	0.4 ( 0.5
	1.9 ( 1.0cd
	1.1 ( 0.8a
	0.6 ( 0.9e

	7. Motor agitation 
	0.1 ( 0.4
	1.6 ( 3.4c
	0.9 ( 0.8c
	0.2 ( 0.4e

	8. Motor retardation 
	0.4 ( 0.5
	1.3 ( 0.8c
	0.9 ( 1.0a
	0.4 ( 0.5e

	9. Orientation
	0.1 ( 0.2
	1.4 ( 0.7a
	1.4 ( 0.7a
	0.9 ( 0.7

	10. Attention
	0.2 ( 0.4
	2.2 ( 0.9a
	2.1 ( 0.9a
	1.6 ( 1.1

	11. Short-term memory
	0.2 ( 0.5
	1.9 ( 1.0
	2.0 ( 1.0
	1.5 ( 1.2

	12. Long-term memory
	0.3 ( 0.5
	1.3 ( 0.9
	1.7 ( 1.0
	1.1 ( 1.1

	13. Visuospatial ability
	0.3 ( 0.6
	1.9 ( 1.0
	2.3 ( 1.9
	1.8 ( 1.0

	14. Temporal onset of symptoms
	0
	1.5 ( 0.6c
	1.6 ( 0.7c
	0.1 ( 0.2e

	15. Fluctuation in symptom severity
	0
	1.1 ( 0.5c
	1.0 ( 0.6c
	0.0 ( 0.0e

	16. Physical disorder 
	1.0 ( 0.2
	1.5 ( 0.5c
	1.7 ( 0.5c
	1.0 ( 0.1e


a More impaired than dementia at p <.05
b More impaired than dementia at p < .01 

c More impaired than dementia at p <.001

d More impaired than delirium-dementia at p <.001

e No difference between dementia and controls

Table 4 shows the comparison of individual CTD item scores between the four groups.  Controls performed in the normal range and were significantly less impaired than any other group on each item (p<0.001) except orientation. No item distinguished comorbid delirium-dementia from delirium and only attention distinguished delirium-dementia from dementia (p<0.05).  However, both attention and vigilance distinguished delirium from dementia (p<0.05). Dementia differed from controls on all 5 items of the CTD at p<0.001. 
Table 4. Comparison of CTD item scores for the four groups using Mann Whitney U test. Controls performed in the normal range for each item.

	CTD Item
	Controls

(n=40)
	Delirium 

(n=40)
	Comorbid

delirium-dementia

(n=40)
	Dementia

(n=20)c

	Orientation
	6.0 ( 0.0
	4.5 ( 1.0
	3.0 ( 2.3
	4.3 ( 2.2

	Attentionab
	4.5 ( 1.0
	1.5 ( 1.6
	1.7 ( 1.8
	2.7 ( 1.6

	Memory
	5.3 ( 0.8
	2.9 ( 2.3
	2.3 ( 2.0
	3.3 ( 2.0

	Comprehension
	5.6 ( 0.5
	4.1 ( 1.6
	3.9 ( 1.6
	4.2 ( 1.6

	Vigilanceb
	5.5 ( 1.0
	1.4 ( 1.8
	1.8 ( 2.2
	2.6 ( 1.9


a Delirium and delirium-dementia < dementia at p<0.05

b Delirium < dementia at p<0.05

c Dementia < controls on all items at p<0.001

Closer examination of the components of the CTD attention item - spatial span forward (SSF) and backward (SSB) measured in a visual modality - revealed that mean SSF in controls (5.7 ( 1.6), dementia (4.1 ( 2.1), delirium (2.6 ( 1.9) and delirium dementia (2.8 ( 2.3) was significantly worse for delirium vs. dementia (p=0.02) and for comorbid delirium-dementia vs. dementia (p=0.05) but did not differ between delirium groups.  Mean SSB did not distinguish the three cognitively impaired groups from each other (dementia = 2.1 ( 1.7; delirium = 1.3 ( 1.6; and delirium-dementia 1.3 ( 1.7) but readily distinguished all three groups from controls (mean 4.0 ( 1.5) at p<0.001. Normal performance on SSF is 7 ( 2 and on SSB is typically 5+2 points (Wilde et al, 2004).  Additionally, median scores differed significantly in a similar fashion, where distributions (see figure 2) of the middle two quartiles overlapped only partially for dementia and the comorbid group for SSF whereas there was no overlap for SSB across the three cognitively impaired groups.

Figure 1. Box plots of distribution of Total DRS-R98 scores for diagnostic groups. 
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Figure 2. Box plots of distribution of scores on the CTD spatial span item forwards (SSF) and backwards (SSB) for diagnostic groups.
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Only one person (2.5%) in the cognitively intact control group and 3 (15%) in the dementia group scored less than four points on the spatial span forwards, while 26 (65%) of the delirium group and 25 (62%) of the comorbid delirium-dementia group scored three or less. Using a cutoff score of less than 4 on the SSF to indicate delirium, within the three cognitively impaired groups Positive Predictive Value was 95% and Negative Predictive Value 35%. This suggests that subjects who score 3 or less on the SSF carry a high likelihood of having delirium (95%) but that higher scores are less useful for outruling the presence of delirium.

The relationship between perceptual disturbances / hallucinations, visuospatial function and inattention in the cognitively impaired groups was compared with correlation analysis of DRS-R98 item 2 (perceptual disturbances and hallucinations), item 10 (inattention) and item 13 (visuospatial function) as well as the SSF and SSB scores from the CTD. This indicated no significant relationship between perceptual disturbances and any of the measures of visuospatial function or attention in any of the cognitive groups (rs all < 0.15). In contrast, scores for visuospatial function correlated significantly with SSF (rs=0.53; p<0.001) and SSB (rs=0.46; p<0.001) for the delirium groups but not for the dementia-only group.

Discussion

In contrast to previous studies, we compared delirium phenomenology in comorbid delirium-dementia to that of both delirium and dementia groups, with a control group in the same medical setting (Liptzin et al, 1993; Trzepacz et al, 1998; Laurila et al, 2004; Voyer et al, 2006; Edlund et al, 2007; Cole et al, 2002).  Further, our study used two well-validated instruments for delirium symptom severity – the DRS-R98 and CTD - which allow for more detailed investigation of cognitive and neuropsychiatric profile in this complex syndrome. 

The need to distinguish delirium and dementia is emphasized by the greater urgency of diagnosis for delirium which can be the first indication of serious medical morbidity (Wahlund and Bjorlin, 1999), and where late or non-detection is associated with markedly poorer outcomes including elevated mortality rates (Kakuma et al, 2003). Treatment response to antipsychotics is superior to use in dementia (Meagher and Leonard, 2008) where use for dementia agitation and psychosis is associated with increased mortality (Jeste et al, 2008).  These concerns highlight the need to carefully evaluate features, including phenomenological profile, in order to better distinguish these disorders (Meagher and Trzepacz, 2007) with revised diagnostic criteria in DSM-V and ICD-11 more accurately reflecting those differences. Further, comorbid delirium and dementia is understudied regarding its phenomenology and other implications, though evidence to date suggests that it is more similar to delirium.  Some reports of persistent cognitive impairment in elderly delirious patients may reflect   progression of previously undiagnosed dementia with poorer longer term prognosis than in uncomplicated delirium episodes.  This notion is supported by a range of neuropsychological studies (Maclullich et al, 2009) and is consistent with longitudinal work showing an increased delirium risk in patients who have executive cognitive impairment upon admission, which reflects prehospitalization baseline cognitive status (Rudolph et al, 2006). 

Our data using both the DRS-R98 and CTD confirmed that the domain of attentional deficits is the key distinguishing element of delirium as is represented in ICD (WHO, 1993) and DSM (APA, 1994) diagnostic criteria where it is the cardinal and required symptom.  We also found significantly higher scores in delirium groups on DRS-R98 items for acute onset, fluctuating course and attribution to a physical disorder. These features are well-represented in diagnostic criteria for delirium in DSM-IV and ICD-10.  Further, we found evidence that supports the recently proposed 3 core domains of delirium – inattention (accompanied by other cognitive deficits), circadian activity disruption (sleep-wake cycle disturbance and motor activity alterations), and impaired higher level thinking ability (Franco et al, 2009) – being specific to delirium because items were more impaired in both delirium groups as compared to dementia. These core domain phenomenological features may be useful clinically in distinguishing delirium from dementia and should be considered for inclusion in revised ICD and DSM diagnostic criteria descriptions because current editions provide little or no guidance as to distinguishing features between delirium and dementia other than temporal course.

This study also supports previous work that comorbid delirium-dementia is virtually indistinguishable from delirium alone but that it can be distinguished from dementia on a number of features, especially noncognitive ones.  Altered motor activity, affective lability, and thought process abnormalities emerged as particularly useful in distinguishing both delirium groups from dementia while severity of thought process abnormalities was the only item which also distinguished delirium from comorbid delirium-dementia. These findings are largely consistent with those of Trzepacz and colleagues (Trzepacz et al, 2002) where DRS-R98 items for sleep-wake cycle disturbance, thought process abnormality, motor agitation, perceptual disturbances, affective lability, attention, visuospatial ability, acute onset of symptoms, fluctuation of symptoms and physical disorder were significantly worse in delirium vs. dementia, though their samples were smaller.  Our findings contrast with the work of Cole et al (2002) regarding thought process and motor agitation levels in dementia vs. delirium, but they used instruments that detect only the presence or absence of delirium symptoms and not severity as the DRS-R98 does.  Further, their work found no impairment of consciousness in hyperalert delirium subgroups but did in the hypoalert, which is disconcerting because delirium is by definition a disorder of impaired consciousness. This also begs the question of what symptoms constitute impaired consciousness (sometimes called “clouding”) and how it is defined because this is an essential difference between delirium and dementia. 

The CTD attention item, consistent with the DRS-R98 findings, best differentiates delirium groups from control and dementia groups.  Further, the SSF component of this item differentiated dementia from delirium groups whereas the SSB did not. SSF is a more specific test of simple attention involving primarily sequential processing while SSB requires greater processing of information, working memory, planning ability and sequential processing (Crowder, 1993; Litchenberger et al, 2002; Wilde et al, 2004) with higher demands for  exceptional levels of attention and concentration (Searls, 1975). Our data (e.g. positive predictive value of 95% for a score of less than 4) suggest that SSF may be a useful bedside test that is simple and relatively specific to help distinguish delirium from dementia but that it is less suited to outruling delirium due to a relatively high false negative rate. Confirmatory work is needed.

Brown and coworkers (2009) identified significantly poorer performance in patients with delirium versus Alzheimer’s dementia on a range of tests of visual perception while delirious patients performed better on tests of memory. This work raises the question as to the extent to which deficits in these tests are related to impairments of visual processing (e.g. in the occipital cortex) or attentional systems that direct processing towards visual inputs. Some work (Collerton et al, 2005) has indicated a correlation between perceptual abnormalities / hallucinations and impairment of visual perception and attention in patients with dementia but the relationship between perceptual disturbances, visuospatial function and visual attention in different cognitive disorders remains unclear. Previous work using the Clock Drawing Test has indicated that it is useful for identifying patients with cognitive impairment but lacks specificity for delirium vs dementia (Adamis et al, 2005). Our work suggests that differences between delirium and dementia are more evident in tests of visual attention than tests of visuospatial function.  Moreover, we did not identify a strong relationship between perceptual abnormalities/hallucinations and either visual attention or visuospatial performance. Further work involving patients with different dementia types are needed.  

Noncognitive delirium symptoms failed to distinguish dementia patients from medically ill controls suggesting that the presence of noncognitive symptoms should alert clinicians to the possibility of delirium.  Because we did not measure noncognitive symptoms with a dementia-specific scale like the Neuropsychiatric Inventory (Cummings, 1997) that captures characteristic details of dementia phenomenology, we cannot be certain to what extent this would hold true for demented patients who are not hospitalized because neuropsychiatric symptoms are also common in dementia (Lyketsos et al, 2001). However there are particular characteristics of noncognitive delirium symptoms that distinguish delirium from dementia patients such as type of sleep-wake cycle and perceptual disturbances, extreme and rapid nature of affective lability and degree of thought process abnormality that are captured differently on the DRS-R98 than on the NPI. Additionally, we did not evaluate the stage or type of dementia which could affect the presentation of noncognitive symptoms. While future work should evaluate dementia more carefully to tease part these more subtle features for differential diagnosis, it remains that delirium symptoms overshadow dementia when comorbid and that delirium, not dementia, is the medical priority not to be missed.

Unfortunately, differentiating symptoms other than inattention and temporal course are not emphasized in DSM-IV and ICD-10 delirium definitions, whereas disorganised thinking and sleep-wake cycle disturbance were emphasized in the DSM-III-R. Our data support their reinclusion in DSM-V. Providing better guidance regarding the distinction of delirium from dementia – and dementia from delirium - is a key challenge for future definitions of delirium in DSM-V (Meagher and Trzepacz, 2007) and ICD-11 (Meagher et al, 2008).  

Study Limitations

Cross-sectional studies cannot fully capture the phenomenological profile of conditions such as delirium whose symptom severity fluctuates, though the DRS-R98 utilizes a 24-hour reporting period. In keeping with the routine assessments conducted on all admissions to the unit, the cognitively intact group was identified according to scores on the abbreviated mental test rather than a more standard test such as the MMSE (Folstein et al, 1975) which would more accurately outrule the presence of cognitive impairment typical of delirium and / or dementia. Dementia was diagnosed according to the presence of prior cognitive impairment of at least six months duration. As such, a more accurate diagnosis might be obtained by using more specific criteria or an instrument such as the IQCODE (Jorm, 2004).  We could not specify the primary cause of dementia (i.e. whether dementia was due to a degenerative process, vascular lesions, frontal dementia, alcohol, brain metastases, etc). There were fewer patients included in the dementia group perhaps reflecting the restrictions of our criteria, but also a function of the study setting where dementia is not as prevalent as in elderly medicine settings. Patients in the two groups with dementia were significantly older which might have impacted upon the performance in cognitive tests in particular but it is relevant that the principal finding in relation to cognition indicated a superior performance in the older patients with dementia-alone as well as significant differences with both the delirium-alone group and the comorbid delirium-dementia group which are not likely to relate to any age-associated effects. In addition, the different patterns of medication use, particularly in relation to antipsychotic agents, may have impacted our findings and warrant more detailed analysis in future work.  We used only delirium instruments to compare groups and future work should also include use of the NPI (33) which measures dementia neuropsychiatric phenomenology.  However, many of the NPI items are not descriptive of delirium and the ADAS-Cog (Rosen et al, 1984) has not been reported in delirium heretofore and may have floor effects.  The degree to which observations in a palliative care service (where patients have terminal illness and are often in receipt of polypharmacy) can be generalised to patients in other settings is uncertain. However, our data were remarkably similar to those of Franco and colleagues (2009) from other medical settings. Future work in other populations where delirium and various types of dementia are common, incorporating tools designed to assess neuropsychiatric profile in dementia, can address these shortcomings and further improve our understanding of the interface between these important and highly prevalent conditions.
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Commentary on chapters 7 and 8

In these chapters the potential usefulness of phenomenological approaches to distinguishing delirium and dementia are explored. The importance of assessing patients for delirium symptoms is emphasized by the observation that their presence is highly indicative of delirium. The differences in cognitive performance are especially important and highlight the role of routine, formal cognitive testing for all patients at risk of delirium. The spatial span tests appear to have particular usefulness for identifying cognitive impairment in general (Spatial Span Backwards) and more specifically for delirium (Spatial Span Forwards). These are simple tests that can be readily applied to the majority of patients in real world clinical settings. 

The study described in chapter 8 describes a palliative care cohort. This work would be substantially enhanced by further work in other populations that experience delirium. More precise diagnosis and subtyping of dementia would also allow testing of the differences between delirium and the range of dementias, including Lewy Body Dementia.  The comparison of neuropsychiatric profile between delirium and dementia would also be more optimally studied with the additional use of instruments that are designed primarily to capture the behavioural and psychological symptoms of dementia (BPSD). More detailed study of the sensitivity and specificity of these cognitive tests (perhaps in combination) in identifying delirium and other neurocognitive disorders could allow for their more widespread use in real world settings as screening and / or diagnostic tools. Comparison studies with suggested routine cognitive tests (e.g. MiniMental State, Serial Sevens Test) would also allow for testing of their more general applicability in real world settings.

Introduction to chapters 9-14

Chapters 9-14 are focused on clinical subtyping of delirium and in particular the usefulness of approaches based on observed alterations in motor activity levels. These chapters consist of a detailed review of published literature regarding clinical subtypes of delirium up to 2009 and five data reports that relate to patients assessed cross-sectionally (chapters 9 and 10) and a separate cohort assessed longitudinally (chapters 12-14).

Chapter 9 reports the frequency of a wide range (30 symptoms derived from previous approaches) of psychomotoric symptoms in patients with delirium and compares with the frequency in matched non-delirious controls. This allows for an examination of the frequency of such disturbances in delirium while also allowing for a comparison of the consistency of different methods in subtype attribution. This is a key issue for delirium research as it informs the extent to which one can reliably generalise across studies that have used different approaches to defining motor subtypes.

Chapter 10 follows from the key finding of the previous chapter – that common methods of clinical subtyping for delirium lack consistency in subtype attribution. As a consequence, we sought to develop a new approach that emphasizes actual motor symptoms rather than associated psychomotoric features, symptoms that correlate with independent measures of motor activity, and that are more frequent in delirium compared with non-delirious controls. All features used in three previously used methods were merged into a single 30 item checklist and assessed according to the above characteristics so that the checklist that emerges is derived from previous methods but focusing on motor disturbances that are particularly relevant to delirium. 

Chapter 11 provides a detailed review of 36 studies of motor subtypes in delirium published prior to 2009. This allows for a critique of methodologies and in particular the different approaches to motor subtyping. The different frequency of motor subtypes in different populations and the extent to which studies indicate differences in etiological causation, pathophysiology, treatment experiences and prognosis are examined. The chapter concludes with suggestions for future work in the area.

Chapter 12 describes the application of this new subtyping method to a cohort of 100 palliative care inpatients with delirium. A key question for delirium research is the extent to which motor subtypes differ in relation to cognitive and non-cognitive disturbances. In particular, previous studies have used very limited measures of cognition (e.g. measured as a single item) such that the use of the DRS-R98 and CTD, each of which have 5 separate neuropsychological domains, allows for the testing of the hypothesis that motor variants of delirium share core cognitive disturbances but differ in relation to non-cognitive features.

Chapters 13 and 14 describe the first longitudinal study of motor subtypes in delirium by reporting on motor subtype expression in 100 palliative care inpatients assessed biweekly over the course of their delirium episodes. Chapter 13 focuses on the frequency and stability of subtype attribution over time while chapter 14 explores the relationship between motor subtypes and factors such as etiological causation, non-motor symptoms in delirium (e.g. psychosis) and medication exposure. The relationship between motor subtype profile and prognosis is also examined. 

Chapter 9

Motor Symptoms in 100 Cases of Delirium vs. Controls: Comparison of Subtyping Methods
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Abstract

Different motor presentations of delirium may represent clinically meaningful subtypes. We evaluated phenomenology using three nonvalidated delirium psychomotor subtype schemas applied to a palliative care population.  Their unique items were merged to comprise a 30-item Delirium Motor Checklist (DMC) used to collect data, rate each schema, and determine subtype frequencies in 100 consecutive DSM-IV delirious patients and 52 nondelirious medically-matched controls. The Delirium Rating Scale-Revised-98 (DRS-R98) assessed delirium severity, and subtype categorization using its two motor items was compared to that using psychomotor schema. In delirium, motor disturbance was present in 100% using the DMC vs 92% using DRS-R98 motor items; 7 hyperactive and 2 hypoactive DMC items occurred in > 33% of delirious and also significantly distinguished (p<.001) delirious from controls. Motor subtype classification varied among four methods (hyperactive 20-37%; hypoactive 11-31%; mixed 28-64%; none 4-19%) with low concordance (34%) across all four methods and 48-76% concordance for pairwise comparisons.  Hypoactive subtype was more prevalent in controls than delirious, though not when mixed cases were included.  DRS-R98 identified the most hypoactive delirious cases and Lipowski schema the most mixed cases. We conclude that motor disturbances are common in delirium, though whether they represent clinical subtypes is confounded by methodological issues. New motor subtype methods are needed with better sensitivity and specificity for pure motor features, validated in other medical populations using matched controls.  Clinical application of current literature findings on motor subtypes is compromised by inadequate methodologies.

Introduction

Delirium is an acute disturbance of diffuse cognitive and higher cortical functions resulting from a wide range of etiologies (APA, 1994; WHO, 1993) Compared to other neuropsychiatric disorders, delirium phenomenology remains poorly understood, including whether it has clinically meaningful subtypes. The possibility that clinically definable delirium subtypes might inform its neuropathogenesis, treatment and outcome has been proposed (Trzepacz, 1994).  Most interest has focused on possible motor or psychomotor subtypes (Meagher and Trzepacz, 2000). Two presentations were recognized by the ancient Greek and Romans who described lethargus for inertia and sleepiness and phrenitis in patients with excitement and restlessness (Lipowski, 1983).  Twentieth century neurologists designated hypoactive delirium as acute confusional states or various encephalopathies and hyperactive as “acute agitated delirium”.  Lipowski (1983) introduced the concept of hypoactive and hyperactive delirium subtypes, before adding a third ”mixed” category (1989) in recognition of patients with elements of both during an episode. Two other descriptive psychomotor schemas by Liptzin and Levkoff (1992) and O’Keefe and Lavan (1999) have been used.  Others have used the descriptions of agitation and retardation from the Memorial Delirium Assessment Scale, Delirium Rating Scale or Delirium Rating Scale-Revised-98 to define motor subtypes, as well as visual analogue scales, clinical observation, and agitation/sedation scale ratings (see Table 1). 

Table 1. Studies of motor subtypes in delirium 

	Study


	Subtyping method / Population
	n
	Hypo%
	Hyper%
	Mixed  %
	None%

	Koponen et al 

(1989)
	Lipowski description/

Psychogeriatric admissions
	69
	13
	38
	49
	--

	Ross et al 

(1991)
	Visual analog scale/

Consultation- Liaison referrals
	58
	32
	68
	--
	--

	Liptzin & Levkoff 

(1992)
	Liptzin & Levkoff criteria//

General hospital admissions
	125
	19
	15
	52
	14

	Kobayashi et al (1992)
	Lipowski description/

Neuropsychiatry referrals
	106
	6
	79
	15
	--

	Platt et al 

(1994)
	DRS psychomotor item/

Hospitalised AIDS patients
	24
	46
	37
	17
	--

	Uchiyama et al 

(1996)
	Clinical observation/

Psychogeriatric admissions
	62
	20
	80
	--
	--

	Meagher et al 

(1996)
	Liptzin & Levkoff criteria/

Consultation-liaison referrals
	46
	24
	30
	46
	--

	Olofsson et al 

(1996)
	Clinical observation/

Consultation-liaison referrals with cancer
	90
	18
	71
	11
	--

	O’Keeffe & Lavan 

(1999)
	DAS score/

Geriatric admissions
	94
	29
	21
	43
	7

	Okamoto et al 

(1999)
	DSI item/

General hospital admissions
	7
	--
	73
	27
	--

	Camus et al 

(2000)
	Own checklist/

Geriatric admissions
	183
	26
	46
	27
	--

	Sandberg et al 

(1999)
	Own checklist/

Elderly patients in various settings
	315
	26
	22
	42
	11

	Lawlor et al 

(2000)
	MDAS item/

Cancer patients
	71
	39
	11
	44
	5

	Kelly et al 

(2001)
	MDAS item/

Elderly general hospital admissions
	61
	56
	3
	41
	--

	Breitbart et al 

(2002)
	MDAS item/

Cancer patients
	79
	53.5
	46.5
	--
	--

	Marcantonio et al 

(2002)
	MDAS item/

Elderly Post hip-op patients
	48
	71
	27
	2

	Peterson et al 

(2003)
	Richmond agitation and sedation scale/

Intensive Care admissions
	205
	38
	1
	61
	--

	Balan et al 

(2003)
	Liptzin & Levkoff criteria/

Geriatric admissions
	31
	32
	23
	45
	--

	Lam et al 

(2003)
	MDAS item/

Palliative care admissions
	30
	70
	13
	17
	--

	Gupta et al 

(2005)
	DRS-R98 motor items/

Consultation/liaison referrals
	100
	16
	36
	48
	--

	De Rooij 

(2005)
	Liptzin & Levkoff criteria/

Hospitalized elderly
	54
	35
	65
	--

	Santana-Santos et al (2005)
	Lipowski criteria/

Elderly post op patients
	19
	84
	3
	11
	2


DAS = Delirium Assessment Schedule; DSI = Delirium Symptom Interview; MDAS = Memorial Delirium Assessment Scale; DRS= Delirium Rating Scale; DRS-R98= Delirium Rating Scale Revised-98.

Studies using these various methods suggest that hyperactive, hypoactive and mixed delirium subgroups may differ regarding their relationship to nonmotor symptoms (Gupta et al, 2005; Meagher et al, 2000; Sandberg et al1999), etiology (Gupta et al, 2005; Ross et al, 1991; Meagher et al, 1998), pathophysiology (Balan et al, 2003), detection rates (Inouye, 1994), delirium treatment experience (Meagher et al, 1996; Breitbart et al, 2002; Uchiyama et al, 1996), and duration of episodes and outcome (Liptzin and Levkoff, 1992; O’Keeffe and Lavan, 1999; Kobayashi et al, 1992; Marcantonio et al, 2002).  Poorer prognosis has been variously reported for hypoactive (Olofsson et al, 1996; Kelly et al, 2001; Lam et al, 2003), hyperactive (Marcantonio et al, 2002), and mixed subtypes (Kobayashi et al, 1992), while still others report similar outcome regardless of subtype (Camus et al, 2000; Santana-Santos et al, 2005).  

These differences in incidence and clinical profile of motor subtypes may be attributable to different assessment methods and populations studied. Descriptions of motor subtypes vary considerably and include a variety of behavioural, mood, language, and other symptoms that are not primarily motor such that checklists should be more accurately termed “psychomotor”. The value of these nonmotor symptoms in subtyping delirium is unclear. In addition, inconsistencies across studies raise doubts about the validity of motor subtypes, especially since core features of cognitive impairment and EEG slowing appear comparable between hypoactive and hyperactive presentations (Ross et al, 1991; Meagher et al, 2000). 

In this study we assessed motor symptoms in delirium in a consecutive sample of delirious cancer patients and nondelirious controls in the same clinical setting to address (1) the frequency of commonly assessed psychomotor symptoms in delirium patients compared to nondelirious matched controls and (2) how commonly used subtyping methods compare when applied to a single population with delirium. 

Methods

Design and Subjects

We conducted a prospective cross-sectional descriptive study of psychomotor phenomenology in 100 consecutive cancer patients with DSM-IV diagnosed delirium admitted to a palliative care centre in Limerick, Ireland.   This work was conducted as part of a larger study that included assessments of cognition, phenomenology, and etiology.

Delirious subjects were identified by the attending medical team who assessed each patient on daily ward rounds for altered mental state and screened suspected cases with the Confusion Assessment Method (CAM) (Inouye et al, 1990 ). The presence of DSM-IV delirium (1) was then confirmed by a research physician who assessed delirium symptoms over the preceding 24 hours using the Delirium Rating Scale-Revised-98 (Trzepacz et al, 2001). Ward nurses completed the Delirium Motor Checklist (DMC) independently of the research psychiatrist assessment for the same 24 hour period. Demographics, psychotropic drug exposure at the time of assessment, and the possibility of underlying dementia (noted in case history or suggested by investigation) were also collected.  

A group of nondelirious controls (n=52) who were receiving treatment in the same setting as the delirious cohort and with similar approximate age, medical diagnosis and medication use, were assessed using the DMC to determine the frequency of motor symptoms for a 24 hour period.  

Delirium phenomenology and severity were assessed using the Delirium Rating Scale-Revised-98 (DRS-R98) which was designed for phenomenological assessment using anchored descriptive item ratings on Likert scales for its16 items (13 that comprise the severity scale plus 3 diagnostic items) (Trzepacz et al, 2001). It has high interrater reliability, validity, sensitivity and specificity for distinguishing delirium from among mixed neuropsychiatric populations including dementia, depression and schizophrenia.  DRS-R98 severity scale scores range from 0-39 with higher scores indicating more severe delirium and a cutoff score > 15 consistent with a diagnosis of delirium. DRS-R98 items #7 and 8 rate levels of motor agitation and retardation, respectively. 

Four methods of defining motor subtypes were applied to the delirious cohort – three psychomotor schemas and the DRS-R98 motor items.  The Lipowski (1983) description includes a list of hyperactive and hypoactive features without any anchoring descriptions  and does not specify a cutoff for features to constitute subtypes such that presence of a single item can constitute evidence for a motoric subtype. The Liptzin and Levkoff (1992) schema involves descriptions taken from the Delirium Symptom Interview (DSI) and requires at least 3/20 hyperactive and/or 4/8 hypoactive features. The O’Keeffe and Lavan (1999) schema adapted items from the Brief Psychiatric Rating Scale (BPRS) and Cohen-Mansfield Agitation Inventory to define subtypes and utilizes the scoring method from the BPRS. Subtypes were defined as presence of any of 4 criteria for hyperactivity and or any of 6 criteria for hypoactivity 
Features from the psychomotor subtyping schemas were combined to form a new 30-item Delirium Motor Checklist (DMC), without redundant items, for the purpose of simplifying data collection and capturing motor phenomenology more efficiently for analyses. Some features were collapsed into a single item (e.g. swearing, singing, and laughing from the Liptzin and Levkoff scheme were grouped together under ‘abnormal content of verbal output’). For the items that overlapped a consensus description based on both methods was applied. The subtyping is therefore not an exact replication of the original schemas but is nevertheless extremely close.

Table 2 lists each DMC item with annotation for corresponding items of each of the three schemas. Each item was rated as present (1) or absent (0) during the previous 24 hours by the key nurse responsible for the patient at the time of assessment. In addition, the 30 DMC items were categorized a priori  into hyperactive (n=21) or hypoactive (n=9) groups, including subgroups of those that reflected ‘pure’ motor activity disturbance (items #1- 6 for hyperactivity and items #1 and 2 for hypoactivity) or nonmotor disturbance (items #7-21 for hyperactivity and items #3-9 for hypoactivity). Information solicited using the DMC was then applied back to each of the subtyping schemas to populate them for each patient. A score of 1 or more on DRS-R98 items #7 and /or #8 indicated hypoactivity and/or hyperactivity, respectively. Mixed states required meeting both hyperactivity and hypoactivity criteria for each method.

Consent  

The procedures and rationale for the study were explained to all patients but because patients had DSM-IV delirium at entry into the study it was presumed that most were not capable of giving informed written consent. Because of the non-invasive nature of the study ethics committee approval was given to augment patient assent with proxy consent from next of kin (where possible) or a responsible caregiver for all participants in accordance with the Helsinki Guidelines for Medical research involving human subjects.

Statistical analyses

Statistical analyses were conducted using SPSS Version 10.1.  Continuous variables for demographic and DRS-R98 data are expressed as means and standard deviations. The relationship between medication exposure and mean scores on DRS-R-98 motor items (non-normal) were examined by Mann-Whitney U tests. Mann-Whitney U tests were used to compare the frequency of motor items on the DMC between delirious subjects and controls. Fisher’s Exact tests were used to compare frequency of individual items on the DMC and the frequency of between delirious patients and nondelirious controls. Chi-squared tests were used to compare medication use between delirious patients and nondelirious controls. The degree of concordance between schemas was expressed as the percentage of all delirious patients that was allocated to the same motor subtype category (hyperactive, hypoactive, mixed, or none). Significance was determined using a p<0.05 value, except that Bonferroni correction for multiple comparisons when appropriate.

Results

Subjects

The 100 delirious patients (50% male; mean age 70.1 ( 11.5 years) were assessed over a 2 year period between January 2002 and December 2003. These delirious patients had a mean DRS-R98 Severity score of 16.1 ( 5.5.  Seventeen cases had documented preexisting cognitive deficit. The nondelirious controls were 54% male with a mean age of 66.1 ( 10.8 years, which was somewhat younger than the delirious group (p=0.04). 

All delirious patients were taking medications with a median of 6 medications per patient (range 1-16).  Of these, 91% were receiving at least one psychotropic or psychoactive agent – benzodiazepines (79%), antipsychotics (43%), antidepressants (31%), opiates (72%), corticosteroids (45%), and psychostimulants (6%). The only significant relationship between category of medication and motor profile was that patients receiving psychostimulants had higher scores on the DRS-R98 retardation item (p=0.03). Medication exposure was similar in the nondelirious control group with a median of 6 medications per subject (range 2-12). The frequency of use of specific agents was not different between delirious patients and nondelirious controls (benzodiazepines, 71%; opiates, 60%; corticosteroids, 31%; and psychostimulants, 6%) except for less antidepressant use (15%) in controls (p=0.03) that was no longer significant after an appropriate Bonferroni correction and a trend (p=0.06) for less use of antipsychotics (27%) in controls.

Motor symptom profile

The frequency of psychomotor disturbances in delirium patients and nondelirious controls using the DMC is shown in Table 2. Every delirious patient had evidence of at least some psychomotor disturbance and 76 had evidence of both hyperactive and hypoactive features. However, when considering only ‘pure’ DMC motor features, 92 had motor disturbance- 75 hyperactive, 51 hypoactive and 34 both. Eighteen items on the DMC were more frequent in delirious than control patients at p<0.05 level of significance, while after correction for multiple comparisons (at p<0.001) 10 items remained significant.

In contrast, motor disturbances were less frequent in nondelirious controls. Although 75% of controls had psychomotor disturbances rated with the DMC, only 33/52 had evidence of ‘pure’ motor disturbance (15 hyperactivity, 19 hypoactivity, and only 1 mixed). Overall, DMC items were less common in nondelirious than delirious patients with median total DMC score = 3 vs 9, respectively (p<0.001), median total number of DMC hyperactivity items = 0 vs 5 (p<0.001), and median total number of DMC hypoactivity items =1.5 vs 3 (p=0.001). 

Although ‘pure’ motor hyperactive symptoms were more common in delirious patients, many other symptoms lack psychiatric specificity for  delirium (eg, fear, irritability, euphoria, uncooperativeness, hallucinations).  Conversely, hypoactive features were found to be common in both delirious and nondelirious patients, with reduced speed of actions and hypersomnolence noted in > 30% of controls. Items describing disturbances of speech did not occur significantly more often in delirious patients compared to nondelirious controls, nor did many affective (e.g. fear), behavioral (e.g. combativeness) or perceptual disturbances (e.g. hallucinations) following Bonferroni correction.  DMC items that both significantly differentiated (p<.001) delirious from control patients and occurred in > 33% were restlessness (62%), distractibility (62%), tangentiality/irrelevant talk (52%), loss of control of activity (39%), increased activity levels (39%), irritability (38%), involuntary movements (35%) for hyperactive items, and hypersomnolence (62%) and withdrawal/unawareness (42%) for hypoactive items.  

Table 2. Delirium Motor Checklist: item frequency of psychomotor features in delirious patients and nondelirious controls. 
	HYPERACTIVE FEATURES


	% in patients with delirium
	% in nondelirious controls

	(1) Increased activity levelsa                    
	39***
	14

	(2) Increased speed of actionsb
	29
	27

	(3) Involuntary movementsa
	35***
	8

	(4) Loss of control of activityc
	39***
	6

	(5) Restlessnessabc
	62***
	17

	(6) Wanderingab
	28***
	2

	(7) Increased speed of speechabc
	12
	21

	(8) Increased amount of speechb           
	16
	10

	(9) Loud speechab
	6
	4

	(10) Abnormal content of verbal outputab
	10
	4

	(11) Hyperalertness/hyperactivityabc    
	33*
	15

	(12) Distractibilityab
	62***
	10

	(13) Feara
	44*
	25

	(14) Irritabilityab
	38***
	11

	(15) Euphoriab
	10**
	0

	(16) Uncooperativenessab
	15**
	0

	(17) Combativenessab
	4
	6

	(18) Nightmaresb
	18
	14

	(19) Hallucinationsa
	16*
	4

	(20) Persistent thoughtsb
	6
	8

	(21) Tangentiality / irrelevant talkb
	52***
	0

	HYPOACTIVE FEATURES


	
	

	(1) Decreased amount activityabc
	30
	23

	(2) Decreased speed actionsabc
	49
	35

	(3) Apathy/lethargy/listlessnessabc  
	37*
	19

	(4) Decreased amount speechabc
	43**
	17

	(5) Decreased speed  speechabc
	39
	27

	(6) Decreased volume speecha
	24
	13

	(7) Decreased alertnessab
	50**
	29

	(8) Withdrawal/unawarenessabc
	42***
	15

	(9) Hypersomnolencea           
	62***
	35


Fishers exact test *p<0.05; **<0.01; *** < 0.001

aLipowski criteria; bLiptzin and Levkoff criteria; cO’Keeffe and Lavan criteria

Features that directly relate to altered motor activity (‘pure’) are highlighted in bold

Highlighted items significantly distinguished delirium from controls and occurred > 33% of cases.

Out of concern that the 17 patients with preexisting cognitive impairment might have impacted our findings we repeated the above analyses for those patients without such evidence (n=83). These analyses did not alter findings with regard to comparison of medication exposure, nor for DMC items comparing delirious patients and nondelirious controls.  Therefore, we continue to report all 100 cases.

Comparison of motor subtype methods
Figure 1a: Frequency of motor subtypes according to four methods in delirious patients (n=100) and according to three schema in nondelirious controls (n=52)
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The frequency of motor subtypes in delirious patients according to the four methods is depicted in Figure 1a. Hyperactives are easily identified by all methods. Liptzin and Levkoff employ stricter criteria and identify the highest percentage of patients who have no subtype (19%), while the other methods are similar to each other. Conversely, the Lipowski criteria are the least strict thereby identifying the most mixed cases (64%), whereas the DRS-R98 and Liptzin and Levkoff methods identified the least mixed cases (28% each). The DRS-R98 identified two to three times as many hypoactives as the other three (31%). 

 Table 3 depicts the degree of consensus among the methods, which was only 34% across all four simultaneously. Pairwise comparisons indicated concordance rates varying from over 75% of patients when comparing the two least strict methods (Lipowski vs the O’Keeffe and Lavan) to 48% concordance between the two strictest methods (Liptzin and Levkoff vs DRS-R98).  

Table 3. Degree of concordance among four methods of defining motor subtypes when applied to a single delirious population (n=100).

	
	Concordance       %

	All four methods
	34

	Liptzin & Levkoff vs Lipowski
	55

	Liptzin & Levkoff vs O’Keeffe & Lavan
	66

	Liptzin & Levkoff vs DRS-R98
	48

	Lipowski vs O’Keeffe & Lavan
	76

	Lipowski vs DRS-R98
	51

	O’Keeffe & Lavan vs DRS-R98
	58


Nonconcordance errors did not follow a simple pattern. This is highlighted by a comparison of patient allocation by the most discordant methods (Liptzin and Levkoff vs DRS-R98) where the 19 patients classed as ‘no subtype’ by Liptzin and Levkoff were classified by the DRS-R98 method as no subtype (n=2), hypoactive (n=10), mixed (n=1), and hyperactive (n=6). Conversely, the 8 patients classed as ‘no subtype’ according to the DRS-R98 method were classed by the Liptzin and Levkoff method as no subtype (n=2), hypoactive (n=1), mixed (n=1), and hyperactive (n=4). This degree of variability indicates fundamental differences in subtype allocation between these methods.

Figure 1b shows the frequency of motor subtypes when the schema were applied to nondelirious controls. As compared to the delirious group, a higher percentage of controls are classified as no subtype by all three schema, with Liptzin and Levkoff identifying the most (58%).  A higher percentage of controls were categorized as hypoactive than were delirious patients by each schema, whereas far fewer controls were either hyperactive or mixed using any schema.  However, because mixed subtype includes hypoactive features, combining prevalence for hypoactive and mixed subtypes finds numerically more in delirious than controls, especially for the stricter Liptzin and Levkoff schema (45 vs 25%). The strictest schema, Liptzin and Levkoff, found far fewer controls (42%) meeting criteria for any motor subtype than the looser schema where, for example, Lipowski’s classified 75%.
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Discussion
We describe a comprehensive and controlled study of the phenomenology of motor symptoms and subtypes in delirium. Delirium was diagnosed using DSM-IV criteria and cases met the severity cutoff on the DRS-R98, a well-validated scale.  It is the first study to compare four methods simultaneously applied in the same delirious cohort.  Additionally, we studied nondelirious controls in the same treatment setting to determine whether psychomotor symptoms described in commonly used psychomotor schemas are in fact unique to delirium, given that prior work was uncontrolled and schemas were unvalidated lists of clinically defined symptoms.  Most prior work combines motor symptoms with a variety of speech, cognitive and behavioral features into subtype descriptions, determined a priori and without an external validator.  We addressed such assumptions by condensing nonredundant features from three published psychomotor schemas into a single checklist, the DMC, which was independently rated from the DRS-R98 and analyzed in comparison to controls.  The relative frequencies for individual symptoms in delirious vs control groups who have comparable medical diagnoses, medication use and treatment setting offers the opportunity to select features of the delirious state that might be more specific for the definition of motor subtypes, The combination of features that occur with significantly higher frequency and with motor phenomenological specificity to delirium should lend greater accuracy to a subtype method.

We found that some psychomotor disturbances rated on the DMC occurred in all patients with delirium. When the analysis was restricted to DMC features that directly reflect motor disturbance (so-called ‘pure’ motor features as shown in bold in Table 2), the vast majority of delirious patients (92%) still had some evidence (i.e., at least one feature) of a motor disturbance (75% hyperactive, 51% hypoactive) as compared to controls (63%, with 29% hyperactive and 36% hypoactive). These data support the notion that motor disturbances are a characteristic feature of delirium, even though DSM-IV does not include motor alterations as a key delirium symptom as does ICD-10.  Mixed cases using the “pure” motor DMC items ( at least one hypoactive and one hyperactive item) occurred in 34% of delirious vs. only 2% of controls suggesting that fluctuation of symptoms over a 24 hour period is more characteristic of delirium.  

In order to understand better which features are specific to delirium, we identified a subset of DMC items that were both frequent (>33%) and occurred at significantly higher frequency in delirious patients than in nondelirious controls. These were 7 hyperactive and 2 hypoactive features out of 30 DMC items, suggesting that a far smaller number of symptoms may in fact be tenable for clinical assessment of motor subtypes than is generally done using schema. These may help in the search for a concise subjective rating system for motor subtypes.

The DMC items assessed different aspects of motor movements. Speed of actions (when Bonferroni corrected) did not differentiate either hyperactive or hypoactive delirious from controls, whereas amount of and control over movements differentiated among hyperactive items, with “restlessness” especially useful.  Listlessness/apathy did not differentiate among hypoactive items except at the uncorrected p<0.05 level, perhaps because it assesses more of a motivation domain.  Features of speech, a motor expression of language, did not distinguish delirious patients from controls.

Our data suggest that pure motor symptoms (4/6 DMC hyperactive items) are more differentiating and meaningful than psychomotor symptoms in defining motor subtypes. However, hypoactive motor symptoms were less differentiating between groups for several reasons.  Hypoactivity is more challenging to measure, though the DRS-R98 motor items, using concise motor ratings, found twice as many hypoactive subtype cases than did the schema suggesting that the measurement method may be a factor. This cancer population uses psychoactive polypharmacy where sedative effects impacted in both patients and controls.  Interestingly, psychostimulants were the only medication category significantly related to any motor feature in delirious patients (higher DRS-R98 retardation scores), suggesting that their clinical use was to improve activity levels in this more hypoactive cancer population.  Medication use by category did not distinguish the groups except that use of antidepressants and antipsychotics were somewhat lower in controls than delirious patients, with antipsychotics probably related to delirium treatment and antidepressants possibly contributing to delirium. 

The comparisons of patient allocation into motor subtypes revealed substantial inconsistency across the four methods, with concordance rates between any two methods varying from one half to two-thirds of cases. Only 34 patients were allocated to the same subtype by all four methods. Moreover, nonconcordance was not explained by simple differences in patient allocation with patients classed as no subtype by one method classified as hypoactive, mixed, and hyperactive by another.  We suspect that inadequate use of validated and standardized assessment methods contributes substantially to inconsistent findings in published literature, confounding attempts to determine whether motor subtypes even truly exist let alone assess their clinical implications. Greater consensus is needed regarding valid assessment tools and phenomenological definitions.  One challenge is how to more reliably measure hypoactivity where certain nonmotor symptoms present confounds, especially somnolence.  

Our analysis of motor subtypes among nondelirious controls highlights the lack of specificity for delirium within current subtyping schemas, where 42-75% of nondelirious controls met criteria for a motor subtype depending on the schema applied, with the hypoactive subtype being most common in this palliative care population.  This is surprising and could be related to poor specificity and sensitivity of these schemas, or to the challenge of detection of hypoactivity in general, though some individual hypoactive symptoms on the DMC did occur significantly more often in delirious patients than controls.  Additionally, controls had a far lower percentage of mixed cases than did the delirium group and this subtype encompasses both hypoactive and hyperactive features.  Whether the difficulty differentiating hypoactivity is unique to our patient population is not clear.  Comparison to the literature for a variety of populations reveals much variabilty (6-84% in Table 1) in hypoactive subtype frequency in delirious patients though matched controls are not reported.  Higher percentages are noted in studies using motor items from standardized delirium rating scales (e.g. MDAS, DRS) instead of symptom checklists in hospitalized cancer or AIDS patients or in post-operative geriatric populations.  In our study the DRS-R98 motor items detected 2-3 times as many hypoactive cases as did the three psychomotor checklists.  Therefore, both method for subtyping and characteristics of patient populations may be factors in determining rates of hypoactivity in delirium.  Clearly, more studies are needed that use medically-matched controls and sensitive, specific motor subtyping methods in a variety of homogeneous patient populations.

To address methodological issues for measurement of motor subtypes we recommend  trying to increase sensitivity and specificity of an instrument via its scoring and selection of features that reflect pure motor manifestations and features specific to delirium as compared to medically matched controls.  Further, we recommend measuring delirium symptoms from other phenomenological domains such as cognition, perception, speech, thought process, sleep and mood lability using separate, validated delirium measurement tools.  Features like uncooperativeness, fear and irritability occur in many other psychiatric and medical conditions and are nonspecific. Deciding which aspects of motor functions are utilized to define clinically observed motor activity or whether the simplicity of using delirium rating scale motor items might suffice requires further study. 

Our findings may not be generalizable to other delirium populations because of polypharmacy that can impact the symptom profile, though categorical medication analyses found our patient groups largely comparable.  Our inclusion of 17 comorbid dementia cases is possibly confounding though not discerned by analyses.  Previous work found delirium phenomenology not appreciably affected by comorbid dementia because delirium overshadows it (Trzepacz et al, 1998).  Comorbidity with dementia, also a delirium risk factor, makes ours a real world sample.     

The fluctuating nature of delirium dictates that serial assessment is required in order to evaluate changing severity and phenomenology during an episode. Our sample’s range of DRS-R98 severities probably captured peak and non-peak symptom levels though this is not the same as longitudinal ratings to assess course of motor features and stability of subtypes during an episode of delirium. Lawlor et al (2000) suggest subtypes are not stable over time but without supporting data; others suggest hypoactivity as a symptom is more enduring (Lam et al, 2003; Peterson et al, 2003).   The existence of mixed subtypes suggests that motor characteristics can fluctuate during a 24 hour period such that this probably also occurs over days.

This study highlights the lack of consistency in approaches to defining motor subtypes of delirium and calls in to question the validity of existing literature on the prevalence and clinical consequences of motor subtypes in delirium.  The use of the DRS-R98 as an independent measure of pure motor activity is an important aspect of our work but electronic motion analysis could provide a further objective measure of motor activity (Honma et al, 1998). 
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Abstract

We sought to validate a new approach to motor subtyping in delirium based on data from a controlled comparison of items from three existing psychomotor schema combined into the Delirium Motoric Checklist (DMC). Principal components analysis of the DMC identified two factors that correlated significantly with independently assessed motor agitation and retardation.  Symptoms loading at > 0.65 were extracted to form subtype criteria composed of 4 hyperactive items and 7 hypoactive items which when applied to the delirious population suggested a cutoff of 2 items for subtypes.  This new scale is derived from existing approaches but more concise, focused on motor disturbances, and validated against nondelirious controls and independently rated motor disturbance.

Introduction

Hyperactive and hypoactive motor presentations of delirium were described as far back as in Ancient Greece where these patterns were termed ‘phrenitis’ and ‘lethargus’, respectively (Lipowski, 1990). In more contemporary literature three patterns are recognised: hyperactive, hypoactive, and mixed according to a wide variety of psychomotor symptoms, though quantification, severity and specificity of these symptoms in delirium have not been adequately studied.  Psychomotor subtypes are often assessed using checklists of psychomotor symptoms without clear cutoffs for symptom severity or specificity.  There are three more often cited delirium psychomotor checklists (Lipowski, 1980; Liptzin and Levkoff, 1992; O’Keeffe and Lavan, 1999), while other studies used pure motor items from a standardized delirium rating scale such as the Memorial Delirium Assessment Scale or Delirium Rating Scale, or a visual analogue scale, to identify more pure motor subtypes (Trzepacz and Meagher, 2004).

Studies using these various methods have identified widely varying subtype category frequencies and indicate that hyperactive, hypoactive and mixed delirium subgroups may differ regarding their relationship to nonmotor symptoms (Gupta et al, 2005; Sandberg et al, 1999; Meagher et al, 2000), etiology (Gupta et al, 2005; Ross et al, 1991; Meagher et al, 1998), pathophysiology (Balan et al, 2003; van der Cammen et al, 2006), detection rates (Inouye, 2004), delirium treatment experience (Meagher et al, 1996; Breitbart et al, 2002; Uchiyama et al, 1996), episode duration and outcome (Liptzin and Levkoff, 1992; O’Keeffe and Lavan, 1999; Treloar et al, 1997; Kobatashi et al, 1992; Marcantonio et al, 2002). However, findings have been inconsistent which may be partly attributed to differing delirious patient populations, but is  also related to a lack of validated rating instruments with no clear cutoff values for symptom presence or severity and further obfuscation of phenomenology by inclusion of many non-motor symptoms that have uncertain value in motor subtyping (e.g. irritability, aggressive behaviours, screaming) (Meagher and Trzepacz, 2000). Many psychomotor symptoms are easily observable clinically and may pose considerable management problems, but whether they denote a physiologically or clinically meaningful subtype of delirium per se is not well substantiated.  While EEG diffuse slowing and severity of cognitive impairment were comparable in hypoactive and hyperactive patients when levels of motor activity were measured on a visual analogue scale (Ross et al, 1991), other work suggests pathophysiological differences according to motor profile (Balan et al, 2003; van der Cammen et al, 2006).  Little work has been done in delirium using objective motor activity monitoring and none which correlated subjective to objective ratings.

To better understand the differences among subjective approaches, Meagher et al, (Meagher et al, 2008) compared subtypes categorized when using three subtyping schema (Lipowski, 1980; Liptzin and Levkoff, 1992; O’Keeffe and Lavan, 1999) and the motor items of the Delirium Rating Scale-Revised-98 when simultaneously applied in a single delirious population and found only 34% concordance.  Further, when nonredundant items from these three psychomotor schema were combined to form the 30-item Delirium Motor Checklist (DMC), only 6 of 22 nonmotor symptoms differed (after bonferroni correction) between delirium patients and controls suggesting nonspecificity for delirium (Gupta et al, 2005). Importantly, when just ‘pure’ motor DMC items were analyzed, delirious patients showed significantly more impairment than nondelirious controls in the same clinical setting, suggesting that motor symptoms may carry specific phenomenologic  significance in delirium, in addition to core cognitive symptoms, and therefore deserve further study.  This is consistent with other work showing that motor activity impairments are almost invariably present in delirium (Trzepacz et al, 2001; Meagher et al, 2007).  

In this report we extend our analyses of a population recently studied in order to obtain a more in-depth phenomenological understanding of psychomotor symptoms. We applied principal components analysis to the DMC data to determine phenomenological domains and  examined the frequency and correlation of the 30 items from the Delirium Motor Checklist (DMC) in relation to an independent rating of motor activity levels and specificity for delirium as compared to non-delirious controls.  Finally, we developed a new subtype scale from suitable items and back-applied it to identify subtype frequency and clinical characteristics in a population with DSM IV delirium.

Methods

We conducted a prospective cross-sectional descriptive study of psychomotor phenomenology in 100 consecutive cancer patients with DSM-IV diagnosed delirium admitted to a palliative care centre in Limerick, Ireland. Patient identification and assessment methods are described in a previous report (Meagher et al, 2007). Patients with DSM-IV delirium (APA, 1994) were assessed for delirium symptoms over the preceding 24 hours using the Delirium Rating Scale-Revised-98 (Trzepacz et al, 2001) and for cognitive performance with the Cognitive Test for Delirium (CTD) (Hart et al, 1996). Staff nurses completed the Delirium Motor Checklist (DMC) independently of the research psychiatrist assessment for the same 24 hour period. Demographics, psychotropic drug exposure at the time of assessment, and the possibility of underlying dementia (noted in case history or suggested by investigation) were also collected.  

A group of nondelirious controls (n=52) matched for approximate age, medical diagnosis and medication use, who were receiving treatment in the same setting as the delirious cohort, were assessed using the DMC to determine the frequency of motor symptoms for a 24 hour period.  

Delirium phenomenology and severity were assessed using the Delirium Rating Scale-Revised-98 (DRS-R98) which was designed for phenomenological assessment using anchored descriptive item ratings on Likert scales (13 that comprise the severity scale plus 3 diagnostic items) (Trzepacz et al, 2001). It has high interrater reliability, validity, sensitivity and specificity for distinguishing delirium in mixed neuropsychiatric populations including dementia, depression and schizophrenia (Trzepacz et al, 2001).  DRS-R98 severity scale scores range from 0-39 with higher scores indicating more severe delirium and a cutoff score > 15 consistent with a diagnosis of delirium. Two items of the DRS-98 specifically assess motor presentation (item 7 agitation, item 8 retardation) and were used as an independent measure for ‘pure’ motor disturbance or ‘gold standard’ assessed by the research clinician who was blind to other ratings of motor profile (DMC). 

Features from three published psychomotor subtyping schemas (Lipowski, 1980; Liptzin and Levkoff, 1992; O’Keeffe and Lavan, 1999) were combined to form a new 30-item Delirium Motor Checklist (DMC), without redundant items. Each item was rated as present (1) or absent (0) during the previous 24 hours by the key nurse responsible for the patient at the time of assessment. 

Cognitive function was assessed with the Cognitive Test for Delirium (CTD) (Hart et al, 1996) which includes 5 neuropsychological domains - orientation, attention, memory, comprehension, and vigilance. Scores range between 0-30 with higher scores indicating better cognitive function. The CTD reliably differentiates delirium from other neuropsychiatric conditions including dementia, schizophrenia and depression (Hart et al, 1997).

Informed consent  

The procedures and rationale for the study were explained to all patients but because patients had DSM-IV delirium at study entry it was presumed that most were incapable of giving informed written consent. Because of the non-invasive nature of the study ethics committee approval was given to augment patient assent with proxy consent  from next of kin (where possible) or a responsible caregiver for all participants in accordance with the Helsinki guidelines for medical research involving human subjects.

Statistics

Statistical analyses were conducted using SPSS Version 10.1.  Continuous variables for demographic and DRS-R98 data are expressed as means and standard deviations. Items from the DMC were entered into a principal components analysis to identify the factor structure of psychomotoric symptom profile in delirium. Pearson product moment correlation values were used to explore the correlation between these factors and independent ratings of agitation (DRS-R98 item 7) and retardation (DRS-98 item 8). Items with a loading of >0.65 onto the principal two factors were extracted to make a subtyping scheme. Fishers exact test was used to compare frequency of individual items on the DMC between delirious patients and non-delirious controls and to compare scores for DRS-R98 items 7 and 8 between patients with and without each of the individual DMS items (see Tables 1 and 2). One-way ANOVA was used to compare mean scores on DRS-R98 and CTD for the four subtypes. Where multiple comparisons were made, a Bonferroni correction using significance levels of p<0.001 was applied.

Results

Subjects

The 100 delirious patients (50 male; mean age 70.1 ( 11.5 years, range 33-91) had a mean DRS-R98 Severity score of 16.1 (95% C.I. 15.1-17.4).  Seventeen cases had documented pre-existing cognitive deficit. The nondelirious controls were 54% male with a mean age (66.1 ( 10.8 years) somewhat younger than the delirious group (t=2.06; p=0.04). 

All delirious patients were receiving medications with a median of 6 medications per patient (range 1-16).  Of these, 91% were receiving at least one psychotropic or psychoactive agent – benzodiazepines (79%), antipsychotics (43%), antidepressants (31%), opiates (72%), corticosteroids (45%), and psychostimulants (6%). The only significant relationship between category of medication and motor profile was that patients receiving psychostimulants had higher scores on the DRS-R98 retardation item (p=0.03) than those who were not. 

Medication exposure was similar in the nondelirious control group with a median of 6 medications per subject (range 2-12). The frequency of use of specific agents was not different between delirious patients and nondelirious controls (benzodiazepines, 71%; opiates, 60%; corticosteroids, 31%; and psychostimulants, 6%) apart from a trend (p=0.06) for less use of antipsychotics (27%) and significantly less antidepressant use (15%) in controls (p=0.03).

DMC items in delirious vs nondelirious controls

The frequency of motor disturbances in delirium patients and nondelirious controls using the DMC is shown in Table 1. Every delirious patient had evidence of at least some psychomotor disturbance and 76 had evidence of both hyperactive and hypoactive features. However, when considering only ‘pure’ DMC motor features, 92 had motor disturbance - 75 hyperactive, 51 hypoactive and 34 both. Eighteen items on the DMC were more frequent in delirious patients at p<0.05 level of significance, and after correction for multiple comparisons 15 items had p<0.01 level and 11 items had p<0.001 level.

Table 1. Frequency DMC items in 100 delirious patients and 52 nondelirious controls and comparisons of severity of DRS-R98 Items #7 (motor agitation) and 8 (motor retardation) between those with DMC items present vs those without individual DMC items.
	Hyperactivity Items


	Delirium

(%)
	Nondelirium 

(%)
	DRS-R98 Agitation
	DRS-R98 Retardation

	(1) Increased activity levels                     
	39***
	14
	p<0.001
	p=0.09

	(2) Increased speed of actions
	29
	28
	p<0.001
	p<0.01

	(3) Involuntary movements
	35***
	7
	---
	---

	(4) Loss of control of activity
	39***
	5
	p<0.001
	---

	(5) Restlessness
	62***
	17
	p<0.001
	p=0.06

	(6) Wandering
	28***
	2
	P<0.001
	p<0.05

	(7) Increased speed of speech
	12
	20
	P=0.09
	p=0.06

	(8) Increased amount of speech           
	16
	9
	---
	---

	(9) Loud speech
	6
	4
	---
	---

	(10)Abnormal content of verbal output
	10
	4
	---
	---

	(11) Hyperalertness    
	33**
	15
	p=0.07
	---

	(12) Distractibility
	62***
	9
	---
	---

	(13) Fear
	44
	25
	p<0.05
	---

	(14) Irritability
	38***
	11
	p<0.001
	---

	(15) Euphoria
	10**
	0
	---
	---

	(16) Uncooperativeness
	15**
	0
	p<0.001
	---

	(17) Combativeness
	4
	5
	p<0.001
	---

	(18) Nightmares
	18
	13
	---
	---

	(19) Hallucinations
	16*
	4
	---
	---

	(20) Persistent thoughts
	6
	8
	---
	---

	(21) Tangentiality / irrelevant talk
	52***
	0
	---
	p=0.07

	Hypoactivity Items


	
	
	
	

	(1) Decreased amount activity
	30
	23
	---
	P<0.001

	(2) Decreased speed actions
	49*
	35
	P<0.01
	P<0.001

	(3) Apathy / listlessness  
	37*
	19
	---
	P<0.001

	(4) Decreased amount speech
	43***
	17
	P=0.09
	P<0.001

	(5) Decreased speed  speech
	39
	27
	---
	P<0.001

	(6) Decreased Volume speech
	24
	13
	P<0.05
	---

	(7) Decreased alertness
	50**
	29
	---
	P<0.001

	(8) Withdrawal/unawareness
	42***
	15
	---
	P<0.001

	(9) Hypersomnolence           
	62***
	35
	P<0.01
	P<0.001



[*Fischers exact test p<0.05; **<0.01; *** < 0.001]

In contrast, motor disturbances were less frequent in nondelirious controls. Although 75% had psychomotor disturbances rated with the DMC, only 33/52 had evidence of ‘pure’ motor disturbance (15 with hyperactivity, 19 with hypoactivity, and only one patient had evidence of both). Overall, motor disturbances were less common in nondelirious than delirious patients (median total DMC score 3 vs 9, respectively; p<0.001, median total hyperactivity score 0 vs 5; p<0.001, and median total hypoactivity score 1.5 vs 3; p=0.001). 

Table 1 also shows the frequency of individual psychomotoric disturbances in nondelirious controls. Although ‘pure’ hyperactive symptoms were more common in delirious patients, many symptoms lack specificity for delirium. Hypoactive features, in particular, are also common in cancer patients without delirium with reduced speed of actions and hypersomnolence, for example, were noted in over a third of controls. Disturbances of speech (except for reduced amount of speech) did not occur significantly more often in delirious patients compared to nondelirious controls, nor did many affective (e.g. fear), behavioral (e.g. combativeness) or perceptual disturbances (e.g. hallucinations). 

Principal components analysis

When the 30 DMC items were entered into a principal components analysis, nine separate factors with eigenvalues greater than 1 were identified (see Table 2.).  Factor 1 (5.8) and Factor 2 (5.1) had the  highest eigenvalues.  Factor1 loaded nearly all of the DMC hypoactive items except for hypersomnolence which loaded alone onto Factor 8 and decreased volume of speech which loaded onto Factor 3 with some other items including hyperactive speech items. Factor 1 strongly correlated (p<0.001) with DRS-R98 motor retardation item (r=0.64).   Factor 2 loaded 10 hyperactive DMC items and correlated significantly (p<0.001) with the DRS-R98 agitation item (r=0.63) . No other factors correlated with the DRS-R98 with such high r values.  Other factors encompassed many non-motor items from the DMC.

The symptoms that loaded most strongly onto Factor 1 were decreased amount of motor activity, decreased amount and speed of speech, reduced speed of actions, listlessness, reduced alertness, and withdrawal/unawareness, all of which have a motor component except alertness. Interestingly, somnolence which is more related to sleepiness did not load onto Factor 1.  Symptoms that loaded onto Factor 2 were increased activity levels, presence of involuntary movement, loss of control of activity, restlessness, and wandering as motor features and hyperalertness, distractibility, irritability, uncooperativeness, tangential/irrelevant talk as nonmotor features.

Table 2. Principal Components Analysis of Delirium Motoric Checklist (DMC) items (n= 100 with delirium).

	 
	F1
	F2
	F3
	F4
	F5
	F6


	F7
	F8
	F9

	Eigenvalue
	5.8
	5.1
	1.9
	1.7
	1.6
	1.3
	1.2
	1.1
	1.0

	% Variance
	15.6
	13.9
	9.8
	6.2
	5.3
	4.7
	4.6
	4.6
	4.5

	Correlation with DRS-R98 Agitation item (r)
	-0.20
	0.63
	0.09
	0.08
	0.27
	-0.10
	0.19
	-0.09
	-0.12

	Correlation with DRS-R98 Retardation item (r)
	0.64
	-0.25
	0.03
	0.03
	-0.10
	0.06
	-0.05
	0.20
	-0.04

	Hyperactivity Items


	
	
	
	
	
	
	
	
	

	(1) Increased activity levels                     
	*
	0.75
	*
	*
	*
	*
	*
	*
	*

	(2) Increased speed of actions
	*
	*
	0.52
	*
	*
	*
	*
	*
	*

	(3) Involuntary movements
	*
	0.58
	*
	*
	*
	*
	*
	*
	*

	(4) Loss of control of activity
	*
	0.75
	*
	*
	*
	*
	*
	*
	*

	(5) Restlessness
	*
	0.67
	*
	*
	*
	*
	*
	*
	*

	(6) Wandering
	*
	0.78
	*
	*
	*
	*
	*
	*
	*

	(7) Increased speed of speech
	*
	*
	0.78
	*
	*
	*
	*
	*
	*

	(8) Increased amount of speech           
	*
	*
	0.71
	*
	*
	*
	*
	*
	*

	(9) Loud speech
	*
	*
	*
	*
	*
	*
	*
	*
	*

	(10)Abnormal content of verbal output
	*
	*
	*
	*
	*
	*
	0.73
	*
	*

	(11) Hyperalertness    
	*
	0.42
	0.51
	*
	*
	*
	*
	*
	*

	(12) Distractibility
	*
	0.48
	*
	*
	-0.52
	*
	*
	*
	*

	(13) Fear
	*
	*
	*
	0.63
	*
	*
	*
	*
	*

	(14) Irritability
	*
	0.55
	*
	0.43
	*
	*
	*
	*
	*

	(15) Euphoria
	*
	*
	*
	*
	*
	*
	*
	*
	0.86

	(16) Uncooperativeness
	*
	0.45
	*
	*
	*
	*
	0.50
	*
	*

	(17) Combativeness
	*
	*
	*
	*
	0.74
	*
	*
	*
	*

	(18) Nightmares
	*
	*
	*
	0.53
	*
	0.62
	*
	*
	*

	(19) Hallucinations
	*
	*
	*
	*
	*
	0.68
	*
	*
	*

	(20) Persistent thoughts
	*
	*
	*
	0.78
	*
	*
	*
	*
	*

	(21) Tangentiality / irrelevant talk
	*
	0.48
	*
	*
	-0.54
	*
	*
	*
	*

	Hypoactivity Items


	
	
	
	
	
	
	
	
	

	(1) Decreased amount activity
	0.78
	*
	*
	*
	*
	*
	*
	*
	*

	(2) Decreased speed actions
	0.77
	*
	*
	*
	*
	*
	*
	*
	*

	(3) Apathy / listlessness  
	0.78
	*
	*
	*
	*
	*
	*
	*
	*

	(4) Decreased amount speech
	0.78
	*
	*
	*
	*
	*
	*
	*
	*

	(5) Decreased speed  speech
	0.84
	*
	*
	*
	*
	*
	*
	*
	*

	(6) Decreased Volume speech
	*
	*
	0.57
	*
	*
	*
	*
	*
	*

	(7) Decreased alertness
	0.83
	*
	*
	*
	*
	*
	*
	*
	*

	(8) Withdrawal/unawareness
	0.69
	*
	*
	*
	*
	*
	*
	*
	*

	(9) Hypersomnolence           
	*
	*
	*
	
	
	
	
	0.79
	


* score below 0.40

Process for determining subtype criteria

The items comprising Factor 1 and Factor 2 were considered as candidate features for motor subtypes of delirium.  Next, these items were assessed according to their specificity for delirium (compared with non-delirious controls) and sensitivity for motor features as measured by relationship to DRS-R98 items 7 and 8 as outlined in Table 1. Items were included as subtype criteria if: (a) loaded  > 0.65 onto either Factor 1 or Factor 2; and either (b) significantly (p<0.001) more frequent in delirium vs nondelirious controls, or (c) associated with significantly greater scores on the DRS-R98 items for either agitation or retardation (p<0.001) .  From these findings 7 hypoactive features and 4 hyperactive features were included (see Box 1). Of these, all four hyperactive features were ‘pure’ motor features while 2/7 hypoactive items were pure motor features. In order for a patient to be classified with a motor subtype it was considered important that there be evidence of pure motor disturbance and therefore a further criterion was added for hypoactive subtype that at least hypoactive item 1 or 2 be present (i.e., reduced amount of activity and reduced speed of actions, respectively). 

Box 1. Data-based Definition of Motor Subtypes 

HYPERACTIVE SUBTYPE if definite evidence in the previous 24 hours of (and this should be a deviation from pre-delirious baseline) of at least two of:

· Increased quantity of motor activity

· Loss of control of activity
· Restlessness
· Wandering
HYPOACTIVE SUBTYPE if definite evidence in the previous 24 hours of (and this should be a deviation from pre-delirious baseline) two or more of*: 

- Decreased amount of activity

- Decreased speed of actions

- Reduced awareness of surroundings

- Decreased amount of speech

- Decreased speed of speech 

- Listlessness

- Reduced alertness/withdrawal 

*Where at least one of either decreased amount of activity or speed of actions is present

MIXED MOTOR SUBTYPE if evidence of both hyperactive and hypoactive subtype in the previous 24 hours

NO MOTOR SUBTYPE if evidence of neither hyperactive or hypoactive subtype in the previous 24 hours.

Checklist cutoff determination

The allocation of a cutoff point for subtyping using this new checklist was explored by identifying the frequency of motor subtypes when applied back to this same population of delirious patients and controls.  Different cutoff criteria were applied for the number of features needed to determine the presence of motor subtypes (see figure 1 and 2). When a cutoff of one symptom was used the majority of delirious patients met criteria for a motor subtype (88%) but the majority of non-delirious controls also met subtype criteria (56%). When a cutoff of two symptoms was required 78% of delirious patients met subtype criteria and most nondelirious controls did not meet subtype criteria (61%). When a cutoff of three symptoms was required 36% of delirious patients did not meet subtype criteria and this increased to 45% when four symptoms were required. In view of these findings a cutoff of two symptoms was considered to allow best inclusiveness for delirious patients while also providing relative specificity for delirium. 

Figure 1. Motor subtype frequencies in delirious subjects when applying data-based schema when using cutoff scores from 1 to 4 items present (n=100).


Figure 2. Frequency of motor subtypes in nondelirious controls when using data-based schema (n=52).


Using the new scale with a cutoff of a minimum two symptoms present, the 100 delirious patients were allocated to motor subtypes with 30 hypoactive, 29 hyperactive, 19 mixed, and 22 no subtype. Delirium severity and cognitive performance scores for subtypes were compared (see Table 3). Patients labeled ‘no motor subtype’ had significantly lower DRS-R98 severity scores (p<0.01) and significantly better cognitive performance measured as total CTD score (p<0.05).

Table 3. Comparison of cognitive and delirium symptom ratings in motor subtypes when data-based schema applied to 100 delirium patients.

	Scale


	Hypoactive

(n=35)
	Mixed

(n=22)
	Hyperactive

(n=26)
	No Subtype

(n=17)

	CTD totala
	13.5 ( 8.8
	12.4 ( 8.1
	13.2 ( 7.1
	19.4 ( 7.2

	DRS-R98 severityb
	16.7 ( 6.4
	17.6 ( 3.9
	17.0 ( 4.8
	12.4 ( 4.9

	DRS-R98 totalc
	21.7 ( 6.3
	22.6 ( 4.0
	22.2 ( 4.9
	17.4 ( 4.8


aNo subtype greater than mixed and hyperactive subtypes at p<0.05

bNo subtype less than other three subtypes at p<0.05

cNo subtype less than hypoactive and mixed subtypes at p<0.05 and less than hyperactive subtype at p<0.01

Discussion

The purpose of this study was to identify a motor subtyping scheme for delirium derived from existing schema by identifying features that best relate to altered activity levels in delirium. This scheme can provide a more consistent approach to defining motor subtypes in future work and allow greater comparability of studies. A major difficulty with previous approaches to subtyping is their reliance on a range of psychobehavioural disturbances that are of uncertain relevance to actual motor activity levels per se (e.g. perceptual and affective disturbances). One means of reducing the impact of such features is to limit subtyping to objective quantitative level of activity alone and ignore associated features that suggest motor disturbance.  The difficulty with such an approach is that the absolute quantity of motor activity alone is substantially impacted upon by multiple confounders such as level of physical morbidity and exposure to medications. As such, accounting for the complexity of motor disturbances in delirium requires a subtyping scheme that combines quantity and speed of activity with other associated features that reflect motor disturbance and are relatively specific for delirium. In this work, principal components analysis explored the inter-relationship between these features to assist in formulating an appropriate description of motor subtypes and features were selected according to their specificity for delirium and relationship with an independent assessment of motor activity provided by DRS items 7 and 8. 

We describe an approach to subtyping that derives from features that have been accumulated over many years of clinical observation of psychomotor features observed in patients with delirium though not including comparison with nondelirious controls in the same environments. We added measures of specificity for delirium and correlated with independent measures of motor function on a validated instrument designed specifically for delirium assessment. The resulting scale is relatively simple and based on a checklist that can be rated by nursing staff. Most patients fell into one of the three categories and patients of no motor subtype tended to have less severe (even questionable) delirium as rated by severity of disturbances noted on the DRS-98 and CTD, suggesting that it relates closely to the prevailing concept of delirium. It is hoped that the use of this scale in future studies of motor subtypes in delirium will allow for greater precision and consistency than the present body of work. Previous studies comparing non-motor symptoms of delirium suggest significant differences in frequency of psychosis but indicate that severity of overall cognitive impairment is similar across subtypes (Meagher et al, 2000). This important issue has not been studied with assessments that explore a range of separate neuropsychological domains which is an important issue for future work.

This work has limitations. The palliative care population studied were highly morbid and in many cases in the terminal phase of illness. The high exposure to medications that can impact significantly on the (motor) profile of delirium means that the use of a control population is an important aspect of this work. Nevertheless, it should be appreciated that palliative care populations typically have high levels of hypoactivity (Meagher et al, 2007) that impacts upon the frequency of hyperactive features and also motoric profile of the non-delirious control group. As such the principal components analysis was used as the primary means to detect items suitable for subtyping with the additional requirement of either significantly greater frequency vs controls (indicating relative specificity) or significant relationship to severity of motor disturbance measured on DRS-R98 motor activity items. The further subtype criterion that patients must have evidence of at least one ‘pure’ motor feature reduced the likelihood that a patient be incorrectly subtyped due to the presence of nonspecific disturbances of motor profile. Further work involving a range of clinical populations (e.g. general hospital inpatients) is required before these observations can be confidently extended to include delirium in general.   

The cross-sectional design limits the interpretation of these findings. To date there are no published data relating to longitudinal course of motor subtypes and as such little is known about the evolution of individual symptoms as well as actual motor subtypes over time. Lawlor et al (2000) suggest that subtypes are not stable over time but do not describe data to support this contention while other studies suggest hypoactivity is more enduring (Lam et al, 2003; Petersen et al, 2003).  The use of a separate measure of motor activity in the form of the independent rating with the DRS-R98 motor items is an important aspect of this work. This might be usefully extended to include actigraphic measurements as an objective ‘hard’ measure of motor activity. To date a single study has applied these methods to delirium and describes eight patients with concomitant dementia where different patterns of motor activity were distinguished (Honma et al, 1998). Further work in patients with delirium uncomplicated by dementia and including the type of motor ratings included herein should further advance our understanding of motor disturbance in delirium. 
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Abstract

Clinical subtyping of delirium according to motor-activity profile has considerable potential to account for the heterogeneity of this complex and multifactorial syndrome. Previous work has identified a range of clinically important differences between motor subtypes in relation to detection, causation, treatment experience and prognosis but studies have been hampered by inconsistent methodology, especially in relation to definition of subtypes. This article considers research to date, including a number of recent studies that have attempted to address these issues and identify a means of achieving greater consistency in approaches to subtyping. Possibilities for future work are discussed and a research plan for the field is outlined.

Introduction 

The classification in DSM III (American Psychiatric Association, 1980) of all acute and subacute generalised disturbances of cognition under the umbrella category of ‘delirium’ has brought greater cohesion to what was previously referred to by any of 30 or more synonyms (e.g. acute confusion, ICU psychosis, toxic encephalopathy), each reflecting delirium occurring in particular populations or treatment settings rather than robustly studied distinct scientific entities. This greater nosological consistency has allowed for a more systematic approach to research along with important developments in therapeutics and recognising the many different courses that delirium can follow. 

The concept of delirium as a unitary syndrome, however, requires further development in order to account for the considerable heterogeneity evident in clinical practice where delirious patients differ considerably in phenomenological profile, underlying causation, treatment response and prognosis. The identification of clinical subtypes is a mechanism by which this complexity can be accommodated within a unitary syndrome. A number of approaches to clinical subtyping (Table 1) have been considered but the bulk of effort has focused on subtypes defined according to alterations in motor activity profile which, by virtue of their frequency and high visibility, are especially suited as a means of identifying clinical subtypes in real-world settings.

Table 1. Characteristics that have been used to subtype delirium
Severity of delirium

Etiology

Whether caused by CNS or peripheral lesion

Comorbidity status with dementia

Presence of psychosis

Motor activity profile

Actigraphic profile

Altered motor activity in physically unwell patients with cognitive disturbance has been recognised for over two millennia with the terms  ‘lethargus’ and ‘phrenitis’ used by the ancient Greeks to denote decreased and increased activity profiles respectively. Lipowski (1983) suggested ‘hyperactive’ and ‘hypoactive’ as labels for delirium subtypes, before adding a third ‘mixed’ category to account for the observation that many patients experience elements of both within short time frames (1989). 

Table 2. Approaches to Motor subtyping of delirium

(a) Symptom checklists

Lipowski

Liptzin and Levkoff

O’Keefe and Lavan

(b) Motor Items from delirium rating scales 

DRS

MDAS

DRS-R98

(c) Other

Richmond Agitation and Sedation Scale (RASS)

Visual analogue scales

Electronic motion analysis

Clinical impression

Subsequent work has explored the clinical utility of subtypes defined by a range of different methods (listed in Table 2.) that incorporate a variety of motor and associated psychomotoric features as subtyping criteria (see Table 3.).  These studies have identified a range of clinically relevant differences between subtypes but are inconsistent in their findings. This is in part due to differences in treatment settings and populations studied, but also due to use of different subtyping methods. Recent work has highlighted this inconsistency in motor subtype definition such that four commonly used methods of subtyping concurred on motor subtype classification for only 34 of 100 consecutive cases of delirium (Meagher et al, 2008a). 

Table 3. Features used for motor subtype definitions

	HYPERACTIVE FEATURES



	(1) Increased activity levelsad                    

	(2) Increased speed of actionsb

	(3) Involuntary movementsa

	(4) Loss of control of activitycd

	(5) Restlessnessabcd

	(6) Wanderingabd

	(7) Increased speed of speechabc

	(8) Increased amount of speechb           

	(9) Loud speechab

	(10) Abnormal content of verbal outputab

	(11) Hyperalertness/hyperactivityabc    

	(12) Distractibilityab

	(13) Feara

	(14) Irritabilityab

	(15) Euphoriab

	(16) Uncooperativenessab

	(17) Combativenessab

	(18) Nightmaresb

	(19) Hallucinationsa

	(20) Persistent thoughtsb

	(21) Tangentiality / irrelevant talkb

	HYPOACTIVE FEATURES



	(1) Decreased amount activityabcd

	(2) Decreased speed actionsabcd

	(3) Apathy/listlessnessabcd  

	(4) Decreased amount speechabcd

	(5) Decreased speed  speechabcd

	(6) Decreased volume speecha

	(7) Decreased alertnessabd

	(8) Withdrawal/unawarenessabcd

	(9) Hypersomnolencea           


aLipowski criteria (1989); bLiptzin and Levkoff criteria (1992); cO’Keeffe and Lavan criteria (1999); dMeagher et al criteria (2008c)

The purpose of this review is to examine the literature relating to motor subtyping of delirium with particular attention to (1) clinically relevant differences between subtypes e.g. regarding subtype frequency in different populations, etiological underpinnings, treatment experiences, prognosis (2) critique existing methodologies for defining subtypes and consider the utility of different criteria, and (3) explore the basis for motor disturbances including the relationship to other elements of delirium and (4) consider important issues for future research both in relation to methodology and key questions that should be addressed.

Existing motor subtype studies

Since Koponen and colleagues (1989a) landmark work explored motor subtype frequency in an elderly Finnish population with delirium, there have been over two dozen additional studies exploring a range of populations, treatment settings and using a variety of methodologies (see Table 4 ).  This work has increased considerably in recent times such that the number of studies has more than doubled since a comprehensive review published at the turn of the millennium (Meagher and Trzepacz, 2000). These studies have indicated that subtypes defined by motor profile differ in relationship to a variety of important clinical parameters including frequency of nonmotor symptoms (Sandberg et al, 1999; Meagher et al, 2000; Gupta et al, 2005), etiology (Ross et al, 1991; Meagher et al, 1998, Morita et al, 2001; Gupta et al, 2005), pathophysiology (Balan et al, 2003; van der Cammen et al, 2006; van Munster et al, 2008), detection rates (Inouye et al, 2001), treatment experience (Meagher et al, 1996; Breitbart et al, 2002; Uchiyama et al, 1996; Boettger et al, 2007a; Boettger et al, 2007b), duration of episode and outcome (Olofsson et al, 1996; Liu et al, 1997; O’Keeffe and Lavan, 1999; Liptzin and Levkoff, 1992; Kobayashi et al, 1992; Marcantonio et al, 2002; Lam et al, 2003; Kiely et al, 2007; Meagher et al, 2008b).
While there appear to be many important differences between motor subtypes, other work has highlighted that subtypes share core elements of delirium with similar degrees of cognitive impairment and EEG profiles (Meagher et al, 2000; Koponen et al 1989b; Ross 1991). However, existing work has limited cognitive assessment to a single domain (i.e. using the DRS) and has not yet addressed whether similar profiles of disturbance occur for motor subtypes across the range of neuropsychological domains. In addition, exisiting EEG studies have not used quantitative EEG which appears to have greater utility in delirium detection (Jacobson and Jerrier, 2000; Thomas et al, 2007). As such, the present position is that motor subtypes of delirium do not differ in relation to the expression of the core cognitive elements of the syndrome and share the characteristic EEG picture (with the exception of substance-related delirium) but further studies using more detailed methodologies are warranted.

Table 4. Studies of motoric subtypes in delirium

	Study


	Subtyping method / n / pop
	Principal findings

	Koponen et al (1989)
	Lipowski description

51 Psychogeriatric admissions
	No difference between subtypes for EEG or MMSE

	Ross et al (1991)
	Visual analog scale

58 CL referrals
	Psychosis more common in hyperactive patients. Similar MMSE scores. Hepatic encephalopathy more likely to be hypoactive.

	Liptzin & Levkoff (1992)
	Liptzin & Levkoff criteria

125 Gen hospital admissions
	LOS and mortality lowest in hyperactive patients. Age and dementia frequency similar.

	Kobayashi et al (1992)
	Lipowski description

106 Neuropsychiatry referrals
	Recovery rate higher in hyperactive patients. Mortality higher in mixed subtype patients.

	Platt et al (1994a)
	DRS psychomotor item

22 Hospitalised AIDS patients
	Response to antipsychotic treatment similar in hypo and hyperactive patients

	Uchiyama et al (1996)
	Clinical Observation

62 Psychogeriatric admissions
	Greater response in hyperactive vs hypoactive patients to mianserin

	Meagher et al (1996)
	Liptzin & Levkoff criteria

46 CL referrals
	Both drug and non-drug interventions applied more commonly in hyperactive patients.

	Olofsson et al (1996)
	Clinical observation

90 CL referrals with cancer
	Outcome best for hyperactive subtype. Sepsis and medication etiologies common in hyperactive vs metabolic causes and hypoxia in hypoactive patients.

	Liu et al (1997)
	Liptzin & Levkoff criteria

96 CL referrals
	Hyperactive patients experienced a shorter duration and lower mortality rate than hypoactive and mixed patients. Mixed subtype had the highest in-hospital mortality rate.

	O’Keeffe & Lavan (1999)
	DAS score

94 Geriatric admissions
	Patients with hypoactive delirium were more medically morbid, had longer LOS, and higher rate of complications in hospital (falls)

	Okamoto et al (1999)
	DSI item

7 Gen Hospital admissions
	A small case series of patients responded to trazodone after 1-3 days.

	Camus et al (2000)
	Own Checklist

183 Geriatric admissions
	No significant difference in etiology or outcome between subtypes.

	Sandberg et al (1999)
	Own checklist

315 Elderly patients in various settings
	Psychosis more common in hyperactive vs hypoactive patients. Similar frequency of mood alterations for each subtype

	Lawlor et al (2000)
	MDAS item

56 Cancer patients
	Delirium in palliative care is predominantly hypoactive or mixed in motor profile.

	Morita et al (2001)
	MDAS item

130 hospice patients
	Delirium motor profile and recovery rates related to etiology

	Breitbart et al (2002a)
	MDAS item

154 Cancer patients
	Similar levels of psychosis and distress in patients with hypoactive and hyperactive delirium  

	Breitbart et al (2002b)
	MDAS item

79 Cancer patients
	Hypoactive patients respond less well to olanzapine

	Marcantonio et al (2002)
	MDAS item

122 Post hip-op patients
	Hypoactive delirium associated with better outcome

	Peterson et al (2003)
	Richmond agitation and sedation scale

400 ICU admissions
	Pure hypoactive delirium uncommon in MICU but mixed subtype most frequent. Mixed subtype more common in ventilated patients.

	Balan et al (2003)
	Liptzin & Levkoff criteria

31 Geriatric admissions
	Urinary 6-SMT lower in hyperactives and higher in hypoactives during delirium. No difference in mixed profile patients

	Lam et al (2003)
	MDAS item

33 Palliative care admissions
	Hypoactive delirium less reversible than mixed or hyperactive. Medication use less in hypoactive subtype.

	Gupta et al (2005)
	DRS-R98 motoric items

100 Gen Hospital patients
	Hyperactive patients had greater sleep-wake cycle disturbance and mood lability. Hypoactive patients had greater language disturbance

	Santana-Santos et al (2005)
	Lipowski criteria

19 Elderly post op patients
	Subtypes had similar age, comorbid dementia rate, and outcome.

	Fann et al (2005)
	MDAS item

90 Stem cell transplantation patients
	Hypoactive subtype was most dominant (86% of all 162 serial assessments) and tended to persist through course of a delirium episode.

	Gaudreau et al (2005)
	MDAS item

21 Oncology unit admissions
	Hypoactive subtype most frequent.

	Peterson et al (2006)
	RASS

112 MICU patients
	Older age associated with hypoactive delirium

	Van Der Cammen et al (2006)
	Clinical impression

17 Geriatric Unit admissions
	Hyperactive patients had higher plasma HVA levels than hypoactive patients.

	De Rooij et al (2006)
	DRS-R98

54 Hospitalized elderly
	Affective lability less prominent in hypoactive patients. DRS-R98 motor agitation item can exclude presence of hypoactive subtype.

	Pandharipande et al (2007)
	RASS

67 surgical and trauma ICU patients
	Hypoactive subtype was commonest 

	Kiely et al (2007)
	MDAS

457 postacute facility admissions
	One year mortality was elevated greatest in hypoactive patients independent of age, comorbidity, dementia and delirium severity

	Van Munster et al (2007)
	Liptzin & Levkoff

37 elderly hip operation patients
	Relationship between APOE genotype and motor subtype indicates a trend for APOE4 less frequent in hypoactive subtype (p=0.12)

	Meagher et al (2008a)


	Lipowski, Liptzin & Levkoff, O’Keeffe & Lavan, DRS-R98 

100 palliative care patients
	34% Concordance between all four methods 

	Meagher et al (2008b)
	Delirium Motor Subtype Scale

89 palliative care patients
	Mixed subtype patients had more severe sleep-wake cycle disturbance, disorientation and overall symptom fluctuation. Hyperactive delirium was shorter and more reversible.

	Van Munster et al (2008)
	Liptzin & Levkoff

28 elderly hip operation patients
	Interleukin levels differ with motor profile; IL-6 levels higher in hyperactive and mixed subtype.


Defining motor subtypes of delirium

Lipowski (1983) offered the first detailed description of motor subtypes of delirium that included a large range of associated psychomotoric features (fear, irritability, unco-operativeness, hallucinations). This description did not extend to explicit criteria and did not require a minimum of features to be present. As a result there have been varying interpretations, with some authors defining subtypes according to the presence of any features (Koponen et al, 1989a; Kobayashi et al, 1992) while others have required a minimal of three symptoms per subtype (Santana-Santos et al, 2005). Recognising the potential inconsistencies in this approach, Liptzin and Levkoff (1992) provided an operationalised definition of subtypes requiring a minimum of three of twenty suggested hyperactive features and/or four of eight suggested hypoactive features adapted from the Delirium Symptom Interview.  O’Keeffe and Lavan (1999) adapted items from the Brief Psychiatric Rating Scale and Cohen-Mansfield Agitation Inventory to constitute criteria for hyperactive subtype and adapted the motor retardation item of the Brief Psychiatric Rating Scale to define hypoactive subtype. In addition to these symptom checklists, other approaches have emerged (see Table 2.) ranging from the use of motor rating items from delirium severity rating scales (e.g. MDAS, DRS, DRS-R98) to simple ‘clinical impression’ (Van der Cammen et al, 2006).

An important area where methods of motor subtyping differ is in the extent to which they focus on alterations in actual motor activity versus the inclusion of a range of associated ‘psychomotoric’ symptoms with questionable direct relationship to activity levels (Meagher and Trzepacz, 2000). These symptoms are shown in Table 3.  where a distinction is made between so-called ‘pure’ motor disturbances that directly relate to physical activity versus associated psychomotoric features that include a range of verbal, affective, sleep, psychotic and other neuropsychiatric disturbances.  Meagher and colleagues (2008a) developed a checklist (Delirium Motoric Checklist : DMC) that captures all of the various elements that have been used to define motor subtypes by the different methods and therefore can be used to  subtype according to a range of methods. In a study addressing the relationship between these various symptoms (captured on the DMC) and independently assessed motor activity profiles (measured on the DRS-R98) that also compared  symptom frequency with non-delirious comparison subjects controlled for physical morbidity and medication exposure, focusing on the so-called ‘pure’ motor disturbances was identified as the optimal approach to identifying clinical subtypes that might be defined according to their relationship with an independent measure of motor activity as well as relative specificity for delirium (Meagher et al, 2008a).

Given the variety of existing methods for clinical subtyping and the lack of consistent subtype allocation when these are applied to a single population, it is important that future approaches be developed with validity and reliability as key attributes. The use of existing methods is founded principally upon their face validity as a means of capturing different patterns of motor activity that occur in delirious patients. The issue of whether in fact hyperactive patients do engage in greater activity than hypoactive is understudied. The use of electronic measurement methods such as actigraphy and / or accelerometry provides a means by which such concurrent validity can be addressed while also examining the pattern of changes over time (e.g. 24 hour cycle) and character of alterations (fast vs slow movements, brief vs sustained activities etc) that might provide important clues as to the pathophysiology of delirium and its subtypes (Leonard et al, 2007; Godfrey et al, 2008). 

Other work has considered the ability of individual clinical subtyping methods to identify patient groups that differ with regard to etiology, pathophysiology, treatment, and outcome but studies comparing methods are lacking. Inter-rater reliability has not been reported for any method and is a key consideration given the subjective nature of many criteria and range of healthcare professionals that are charged with the identification of delirium and its subtypes. Furthermore, the challenge of continuous monitoring to detect the fluctuating motor profile of delirium over sustained periods (e.g. 24 hours) is considerable. Clear guidance regarding how such information should be gathered is crucial in order to reduce the potential for underestimation of such variations with the associated inaccuracy in subtype attribution. Reliability can be enhanced by the provision of anchored descriptions of criteria with clear guidelines on rating that is supplemented by formal training. 

Finally, ease of use across a range of clinical settings and delirious populations is an important attribute for any method. The utility of methods that emphasize disturbances of gross movement (e.g. wandering ) is reduced in populations that often have limited mobility (e.g. ICU) while the inclusion of disturbances of verbal output (e.g. shouting, inappropriate verbal content) is unsuitable for intubated patients.  The ideal method should be brief, simple to rate and usable by a range of appropriate healthcare professionals who encounter delirium in diverse settings e.g. MICU and nursing homes. 

Table 5. Definition of Motor Subtypes (Meagher et al, 2008)

(a) HYPERACTIVE SUBTYPE if definite evidence in the previous 24 hours of (and this should be a deviation from pre-delirious baseline) of at least two of:

(1) Increased quantity of motor activity : Is there evidence of excessive level of activity 
e.g. pacing, fidgeting, general overactivity?



 

(2) Loss of control of activity : Is the patient unable to maintain levels of activity that are appropriate for the circumstances, e.g. remain still when required? 



(3) Restlessness : Does the patient complain of mental restlessness or appear  agitated?


(4) Wandering : Is the patient wandering, i.e. moving around without clear direction or purpose?











(b) HYPOACTIVE SUBTYPE if definite evidence in the previous 24 hours of (and this should be a deviation from pre-delirious baseline) two or more of* (:*Where at least one of either item 1- decreased amount of activity or item 2 - speed of actions is present)
(1) Decreased amount of activity : Does the patient engage in less activity than is usual or appropriate for the circumstances, e.g.sits still with few spontaneous movements? 

(2) Decreased speed of actions : Is the patient slow in initiation and performance of movements e.g. walking?










(3) Reduced awareness of surroundings : Does the patient show a relative absence of emotional reactivity to the environment, i.e. show a passive attitude to his/her surroundings?

(4) Decreased amount of speech : Does the patient have a reduced quantity of speech  in relation to the environment, e.g. answers are unforthcoming or restricted to a minimum?


(5) Decreased speed of speech :  Does the patient speak more slowly than usual, e.g. long pauses and slowing of actual verbal output?





(6) Listlessness : Is the patient less reactive to his/her environment, e.g. responses to activity in surroundings are slow or reduced in amount?




(7) Reduced alertness/withdrawal : Does the patient appear detached or lacking in awareness of his/her surroundings or their significance?

(c ) MIXED MOTOR SUBTYPE if evidence of both hyperactive and hypoactive subtype in the previous 24 hours
(d) NO MOTOR SUBTYPE if evidence of neither hyperactive or hypoactive subtype in the previous 24 hours.
A new subtyping scheme developed by Meagher et al (2008c) (see Table 5.) is simple, designed for use by non-medical as well as medical staff, and has clear descriptions for rating. It is derived from the DMC and emphasizes disturbances of motor activity rather than associated psychomotoric features. Moreover, preliminary work has provided evidence for concurrent and predictive validity (Leonard et al, 2007; Meagher et al, 2008b). Further work is needed to explore inter-rater reliability as well as applicability for use in a range of populations in addition to the palliative care setting reported to date.   

What is the clinical significance of motor subtypes?

Despite the issues with inconsistent methodology, research to date has indicated that subdividing delirious patients according to motor activity profile is relevant to key clinical issues such as detection, relationship to other neuropsychiatric differential diagnoses and comorbidities, etiological causation, pathophysiology, treatment experience, and outcome (see above) However, many practitioners still refer to  hyperactive patients as ‘delirious’ and those with hypoactive presentations as ‘confused’. Greater awareness of the various presentations of delirium is required since such misunderstandings significantly impact upon diagnostic efficiency and therapeutic effort.

Relevance to identification

One of the most important implications of the different motor presentations of delirium is their impact upon accurate detection. Between one half and two thirds of delirium cases are missed across clinical settings, reflecting misdiagnosis, late detection and in many cases completely missed diagnosis (Meagher and Leonard, 2008). The highly visible and often compelling behavioural disturbances of hyperactive patients tend to attract the attention of clinical staff, but for patients with hypoactive profiles the frequent absence of overt distress or disturbance means that they are more likely to be missed completely (Inouye et al, 2001). Misdiagnosis is a considerable problem with functional psychosis, hypomania, anxiety disorders and akathisia important differential diagnoses for hyperactive and mixed profile patients, while depression and dementia dominate as considerations in those with hypoactive delirium. 

Where delirium includes psychotic features these are typically simple and fleeting in nature, relating to the immediate environment or a sense of impending danger and thus contrast with the more complex, often systematised delusional experiences typical of major functional psychoses. Moreover, hallucinations in delirium are more frequently visual and / or somatic in nature. First rank symptoms are unusual in delirium. The perplexity of acute psychosis can mimic so-called clouding of consciousness but the nature of cognitive impairment is more generalised in delirium where disproportionate inattention in the context of acute onset, physical illness, and fluctuating course are characteristic. The significant hyperarousal and motor agitation of hyperactive delirium is typically more pervasive than that observed in acute psychosis, while akathisia and anxiety states are rarely accompanied by the cognitive impairment evident in delirium.

The distinction from mood disorders is complicated by the fact that anxiety and depressed mood are prodromal features of delirium (Matsushima et al, 1997) while a range of emotional alterations (depression, anxiety, fear, irritability, euphoria) are recognised as ‘associated features’ in ICD-10 (World Health Organisation, 1993) description of delirium. Lability of affective expression rather than altered mood content is emphasized as typical of delirium. Given the substantial overlap in symptoms, it is not surprising that delirium and mood disturbances are frequently misdiagnosed (Leonard et al, 2009). In particular hypoactive presentations are easily mistaken for depression, while more agitated presentations can mimic hypomania (Charlton and Kavanau, 2002). Farrell and Ganzini (1995) found that 42% of elderly general hospital patients referred for assessment of depressive symptoms had delirium. While some symptoms of major depression occur in delirium (e.g., psychomotor slowing, sleep disturbances, irritability), in major depression symptom onset tends to be less acute, mood disturbances tend to be more sustained and typically dominate the clinical picture, with cognitive impairments of depression characterised as “depressive pseudodementia.” Conversely, the overactive, disinhibited profile of some delirious patients can closely mimic similar disturbances encountered in patients with agitated depression or mania. Acute mania and delirium both can include emotional lability, perplexity, distractibility, inattention, jumbled speech, disinhibited behaviour, and psychotic symptoms (Charlton and Kavanau, 2002).  However, the more widespread and profound cognitive changes of delirium, along with the etiological backdrop and differing clinical course, usually enable a firm distinction.

Dementia is a key differential diagnosis for hypoactive delirium but can also be complicated by a range of neuropsychiatric symptoms that mirror hyperactive delirium. Hypoactivity and comorbid dementia are predictors of missed diagnosis in delirium (Inouye et al, 2001). The considerable overlap between these two conditions emphasises the need to exclude delirium before attributing symptoms to dementia. Studies comparing phenomenological profile between delirium and dementia indicate that when present, delirium tends to dominate the clinical picture and that the presentation of comorbid illness is similar to delirium alone but with relatively greater cognitive impairment. In general, rapidity of onset, perceptual disturbances, presence of physical illness, and altered motor behaviour favour a diagnosis of delirium. This should take diagnostic precedence since delirium is often an important marker of serious physical illness. 

Delirium is a state of consciousness between normal alertness/wakefulness and stupor or coma. Precise clinical delineation between severe delirium and stupor is difficult when the delirium presents as hypoactive while emergence from coma typically involves a period of diagnosable delirium before normal cognitive function returns (McNicoll et al, 2003). Delirium can be diagnosed where a patient has a testable cognitive deficit that is generalised and of acute / subacute onset.  

Greater awareness of the motor activity alterations that occur in delirium can assist in more timely detection of full blown episodes where observable motor changes are almost invariably present (Meagher et al, 2007; Marquis et al, 2007) but also offer the potential for earlier detection of emergent delirium where motor activity changes are occurring as part of a prodromal phase.  Although studies of prodromal features of delirium are somewhat conflicting, a substantial number of patients experience either restlessness or reduced activity along with a sense of ‘not feeling their normal self’ for 24-72 hours prior to emergence of full-blown delirium (Levkoff et al, 1994; Duppils and Wikblad, 2004). As such these features should heighten awareness of possible emergent delirium and emphasise the need to monitor ongoing mental state carefully.

Pathophysiology of motor behaviour in delirium

Studies of causation of delirium indicate some consistent differences regarding underlying pathophysiology for motor subtypes. For example, alcohol withdrawal delirium, which is generally hyperactive, is associated with increased beta EEG activity (on a background of slowing), while other causes of delirium are typically associated with diffuse EEG slowing, regardless of motor presentation (Trzepacz 1994). Similarly, functional neuroimaging studies of delirium indicate increased cerebral blood flow in alcohol withdrawal delirium (Hemmingsen et al 1988), compared with more widespread reduction in global or frontal cerebral blood flow in other causes of delirium irrespective of motor subtype (Trzepacz 1994; Yokota et al, 2003). These differences have resulted in alcohol-withdrawal delirium being classified and studied as a distinct entity even though it is phenomenologically similar to hyperactive delirium due to other causes. However, even where alcohol-related problems are established as a cause for delirium, other etiologies are often relevant. As such the relevance of the sizeable body of research in alcohol delirium, including multiple studies of genetic factors (Van Munster et al, 2007a), to delirium due to other causes is largely unknown. 

Figure 1. Neurotransmitter interactions with motor activity levels






Evidence regarding the neurobiological underpinnings of delirium can be extrapolated from evidence regarding the motor effects of key neurochemical systems as well as neuropsychiatric syndromes that involve prominent disturbance of motor activity. Cholinergic toxicity (e.g. due to physostigmine) is associated with relative hypoactivity while anticholinergic agents typically produce a state of hyperactivity (Meagher and Trzepacz, 2000). However, Tune et al (1993) studied serum anticholinergic activity (SAA) and did not identify any pattern with regard to motor profile. However, more recent work has challenged the usefulness of SAA as a measure as levels did not correlate with either delirium or EEG changes (Plaschke et al, 2007). Hypodopaminergic states are typically associated with hypoactivity (e.g. bradykinesia with Parkinson’s disease) while prodopaminergic drugs can induce agitation (see figure 1). Dopaminergic activity diminishes with age and may be a factor that contributes to the propensity for more hypoactive presentations with increasing age (Yurek et al, 1998). However, the occurrence of akathisia with dopamine blockade highlights the complex nature of the relationship between dopaminergic tone and activity levels, while increasing recognition of the more complex effects of dopamine partial agonists and contrasting impact of dopamine agents in different brain regions suggests that simple associations do not adequately explain the role of dopamine in motion and arousal. Other evidence indicates a significant interaction between dopaminergic and cholinergic systems, such that D2 blockade can promote, while D1 blockade inhibits, acetylcholine release (Ikarashi, 1997). In a biperiden-induced animal model of delirium, treated rats demonstrate hyperactive and hypoactive behaviours, both of which are associated with EEG slowing (Tamura et al, 2006). Moreover, the increasing recognition of serotonergic effects of antipsychotic agents further highlights the dynamic neurochemical state that underpins central nervous system functions, including motion and arousal. Van der Cammen et al (2006) compared patients with dementia and comorbid delirium dementia and found greater disturbance of plasma Homovanillic Acid ( a dopamine metabolite) levels in comorbid delirium dementia patients and that hyperactive patients had higher HVA levels than hypoactive patients. The motor subtypes of delirium are a target for future neurochemical study.

Recent work has explored the relevance of inflammatory mechanisms in delirium and its motor subtypes. Different cytokine profiles are associated with different symptoms of sickness behaviour which in turn may be reflected in different motor activity levels. Animal studies indicate that proinflammatory cytokines are linked to reduced cholinergic activity which is associated with hyperactivity (Eikelenboom et al, 2002). Van Munster and colleagues (2008) studied cytokine levels and motor subtype in 28 elderly hip operation patients and found that IL-8 levels peaked just prior to a delirium episode while IL-6 levels peaked during the episode. IL-6 levels were greater in patients with hyperactive and mixed motor subtype compared to those with hypoactive subtype, although the numbers in the latter category were small (n=3). Further similar work that controls for other factors that confound this association (e.g. frailty) is warranted.

The prominent disturbances of sleep-wake and diurnal rest-activity cycle that occur in both the prodromal and full syndromal phases of delirium point towards  delirium as a syndrome of circadian rhythm disturbance. As a consequence, some work has focused on examining melatonergic metabolic pathways in delirium. In addition to its regulatory role in the sleep-wake cycle, melatonin is also involved in regulation of immune response and aging, and its secretion is increased by immobilization and decreased during the daytime by light exposure. Shigeta et al (2001) examined melatonin secretion patterns in delirious patients with and without complications after major abdominal surgery. Patients with uncomplicated delirium had reduced melatonin levels while those with complications such as infection or cardiac failure had markedly elevated melatonin levels. Balan et al (2003) found that levels of the melatonin metabolite 6-SMT correlated closely with motor presentation during the delirium episode, with highest levels in hypoactive patients, followed by mixed motor presentation, and lowest levels in those with hyperactivity. Lewis and Barnett (2004) propose that administration of melatonin in delirium may restore tryptophan levels by reducing its breakdown and thereby treat not only hypoactive but also hyperactive forms by inhibiting an alternate metabolic pathway for tryptophan that produces an abnormal metabolite linked to excitatory symptoms. Controlled studies of melatonin treatment for delirium are lacking at present but some anecdotal evidence supports this putative role in restoring circadian rhythms in the treatment of delirium (Bourne and Mills, 2006). Jacobson et al (2008) compared actigraphy readings over 72 hrs between elderly patients with and without delirium and found that delirium was associated with significant disruption of diurnal rest-activity cycle indicative of a state of ‘pathologic wakefulness’.  A recent study of elderly non-demented hospital admissions has highlighted that participation in regular exercise is significantly protective against delirium perhaps by consolidating rest-activity patterns but also reflecting level of frailty (Yang et al, 2008).

The relationship between predisposing risk factors, medical etiologies and motor subtypes of delirium

There has been very little systematic examination of the relationship between predisposing factors and motor profile although some evidence suggests that certain risk factors (e.g. pre-existing cognitive impairment, older age) may be more common in those who experience hypoactive delirium (O’Keeffe and Lavan, 1999; Peterson et al, 2006). Etiological studies of delirium subtypes have been hampered by the tendency to consider etiology as a unifactorial issue (e.g. single most likely cause) rather than account for the possibility of multiple interacting etiologies in a single case. Studies that have considered etiology as a multifactorial issue indicate an average of  3-4 significant etiological factors per case (Meagher et al, 1996; O’Keeffe and Lavan,1999). A number of studies suggest that delirium occurring in the context of metabolic factors or organ failure is more frequently hypoactive in presentation while that due to substance intoxication or withdrawal is more typically hyperactive (Ross et al, 1991; Meagher et al, 1998; Morita et al, 2001; Gupta et al, 2005).  The extent to which such associations reflect the direct influence of different causes of delirium or the impact of treatment exposures is unclear. Large studies are needed (e.g. International Multisite Delirium Etiology Phenomenology Collaboration : IMDEP see footnote) to clarify the relationship between etiology and motor activity profile. 

Treatment

In real world clinical practice the different motor presentations of delirium are managed quite differently despite the lack of evidence to support such clinical decisions. Many clinicians attribute the beneficial effects of antipsychotic medications to sedative effects and avoid the use of such agents in patients with hypoactive presentations (Inouye, 2006; British Geriatrics Society and Royal College of Physicians, 2006). As a consequence, medication use is often prompted by behavioural problems (including hyperactivity) rather than the core cognitive disturbances of delirium (Meagher et al, 1996; O’Keefe and Lavan, 1999). However, antipsychotic treatment studies indicate that the anti-delirium effect does not appear to correlate closely with sedative potential (Breitbart et al, 1996; Hua et al, 2006) or follow the temporal pattern one would associate with an antipsychotic effect (Meagher and Leonard, 2008) and may relate more closely to their impact upon the relatively hyperdopaminergic state that appears to underpin many delirious states.  

The majority of treatment studies in delirium have not been designed to assess response or effectiveness for different motor subtypes and until recently the only notable study addressing this important issue found similar response rates to haloperidol in a small number (n=22) of delirious medical patients (Platt et al, 1994). More recently, small prospective studies have compared responsiveness to atypical agents. Liu et al (2004), found similar response rates for patients with both hypoactive and hyperactive subtype in a retrospective study of risperidone treatment for delirium (n=41). Breitbart and colleagues (2002) found that hypoactive patients were somewhat less responsive to olanzapine in an uncontrolled open trial involving 79 hospitalized cancer patients, though patients from both subtypes responded and age and comorbid dementia may have been confounding factors.  Two recent small prospective studies have explored response rates to atypical agents; Boettger et al (2007a) found a higher response rate to aripiprazole (n=21; mean dose 18mg) in hypoactive patients vs hyperactive patients (100% vs 58%). While a second study (Boettger et al, 2007b) found a trend towards higher response for hypoactive patients to low-dose risperidone (n=32; mean dose 1.3mg per day). 

Overall, the relationship between motor subtype and treatment remains uncertain but existing studies do suggest that a substantial percentage of both hyperactive and hypoactive patients respond when given  antipsychotic treatment. The differing needs of hypoactive versus hyperactive patients are increasingly recognised in drug-treatment algorithms for delirium along with suggestions for monitoring response and tolerability (Meagher and Leonard, 2008). Future studies need to consider the relationship between motor presentation and drug treatment response, including the influence of underlying etiology and comorbid dementia, as well as the extent to which benefits relate to sedative effects, control of psychosis, and reduction of complications. Other work is needed to explore the relevance of motor subtype to treatment with non-pharmacological interventions. 

Prognosis and outcome

A range of studies have linked psychomotor profile and motor subtypes to outcome of delirium. Treloar and McDonald  (1997) found that relative hyperactivity was associated with greater reversibility of delirium in elderly medical patients but did not consider actual subtypes or account for delirium etiology or medication exposure as confounding factors. Studies that have specifically considered motor subtypes indicate conflicting results. Studies of elderly medical admissions, neuropsychiatry referrals, cancer patients and those receiving care in post-acute facilities suggest better outcomes (e.g. LOS, reversibility, mortality rates, survival time) in those with hyperactive subtype (Kobayashi et al, 1992; Liptzin & Levkoff, 1992; Olofsson et al, 1996; Kiely et al, 2007; Meagher et al, 2008b). However, these differences may reflect differences in underlying causes, recognition rates, and/or treatment practices. Late detection and misdiagnosis, for example, are especially common in hypoactive patients (Inouye et al, 2001).  O’Keefe and Lavan (1999) reported greater use of neuroleptics and shorter hospital stays in hyperactive patients but attributed this to less severe illness at the onset of delirium and a lower incidence of hospital acquired infections and bed sores in those who were hyperactive.  Kiely et al (2007) considered these issues in a study of post acute facility admissions with delirium and found elevated mortality in patients with any motor disturbances but especially hypoactive patients. These effects were Independent of age, gender, comorbidity, dementia, and delirium severity.

Still other work has found similar outcomes in the different motor groups (Camus et al 2000; Santana-Santos et al, 2005) or better prognosis with hypoactive presentations (Marcantonio et al, 2002). The temporal relationship between delirium symptoms and poor outcomes in delirium was studied by Saravay and colleagues (2004) who found that behavioural problems (including those associated with altered motor activity levels such as removal of lines and need to use restraints) followed cognitive disturbances and predicted poor outcomes including prolonged length of stay. It would appear that both variants of motor activity disturbance can contribute to poor outcomes by virtue of interfering with ability to co-operate with treatment, development of pressure sores and hypostatic infections with hypoactive presentations and with falls and interfering or refusing necessary treatment in hyperactive delirium. Overall, the balance of evidence suggests that hypoactivity is associated with a relatively poorer prognosis.  

Why do patients experience motor activity disturbance in delirium? 

The origin of motor activity changes in delirium remains unclear.  In considering this issue it is important to note that such changes are almost invariable in delirium and are therefore considered as core features of the syndrome. Among the possible explanations are : 

(1) Delirium involves generalised disturbance of CNS function with motor activity one of the functions affected.  The neurochemical disruptions that are thought to underpin delirium in general (e.g. dopaminergic-cholinergic imbalance) also produce alterations to motor activity profile. The absence of gross motor or sensory signs suggests that disruptions are focused on subcortical regions 

(2) Motor alterations of delirium relate to changes in arousal and / or  vigilance. Disturbances of these functions feature prominently in subtyping criteria (e.g. reduced or heightened alertness, awareness and responsiveness to environment). The specific association between altered arousal and motor activity has not been directly studied but motor activity levels may be a highly visible proxy for altered arousal occurring in particular patients.  

(3) Motor activity disturbances may occur as a response to other symptoms of delirium (e.g. agitation secondary to psychosis or affective change) although the pattern is far from straightforward with hypoactivity also common in patients with psychosis. Moreover, studies indicate a limited correlation between psychosis and motor profile (Meagher et al, 2007; Stagno et al, 2004) and it is relevant that motor disturbances are much more frequent than both affective and  psychotic features and occur where these symptoms are absent. 

(4) Motor activity profile is also shaped by the underlying cause of delirium. For example,  patients experiencing stimulant intoxication or substance withdrawal are more likely to exhibit autonomic disturbances that are linked to hyperactive behaviours while those with sedative-hypnotic or opiate intoxication or delirium in the context of terminal illness or organ failure are likely to present with reduced activity and arousal 

(5) Similarly, a range of other medications (e.g. steroids, antipsychotics, antihistamines) and other treatments can influence motor profile, but their role has been poorly documented. 

(6) The particular symptom profile of delirium may also be influenced by individual patient predispositions, such as genetic factors and premorbid temperament although this has received very little consideration in non-substance-related delirium. Studies of alcohol withdrawal delirium have identified particular genetic polymorphisms that are associated with greater risk of delirium in alcohol dependent patients but that are also associated with delirium characterised by features such as psychosis. Visual hallucinations during alcohol-withdrawal delirium are more frequent in subjects with the A9 allele of the dopamine transporter gene (Limosin et al, 2004), CCK A receptor (Okubu et al, 2002) and promoter gene polymorphisms (Okubu et al, 2000), COMT polymorphisms (Nakamura et al, 2001), and NRH-quinone oxidoreductase 2 polymorphisms (an enzyme involved in alcohol metabolism) (Okubu et al, 2003). Apolipoeprotein ε4 allele is associated with reduced cholinergic activity (Allen et al, 1997) and greater sensitivity to anticholinergic medications (Pomara et al, 2004). Van Munster and colleagues (2007b) considered the association between apolipoprotein genotype and motor subtype in 37 elderly post operative patients, and despite the relatively small numbers, found the ε4 allele less common in hypoactive patients, although this did not reach statistical significance (p=0.12). 

(7) The motor activity changes may represent diurnal-rest-activity cycle disruption as part of a more general circadian rhythm disorder (see above)

(8) Motor profiles may reflect the influence of particular pathophysiological events. Different patterns of cytokine activation are associated with different symptoms of sickness behaviour which in turn may be reflected in motor profiles. Moreover, such effects may operate through the interaction of inflammatory mechanisms with neurotransmission – proinflammatory cytokines are associated with reduced cholinergic activity which in turn is linked to relative hyperactivity. Preliminary work indicates that interleukin levels (specifically IL-6) are higher in patients with hyperactive and mixed motor subtype (van Munster et al, 2008)

Why does motor activity profile vary in patients with delirium?

Motor activity disturbances in delirium vary in both character (hypoactive vs hyperactive vs mixed) as well as consistency over time. As outlined above, the factors that underpin these variations are not well studied but may reflect the influence of differing etiologies, treatment exposures, and a range of individual patient characteristics such as genetics, frailty, age and prior cognitive functioning. Particular etiologies are associated with differing motor activity profile while other work has highlighted differences between motor subtypes in the degree of sleep-wake cycle disruption and metabolic pathways relevant to circadian rhythms. Studies suggest that relative hypoactivity is associated with a range of factors including frailty, severity of physical illness, comorbid dementia, and older age (O’Keeffe and Lavan, 1999; Peterson et al, 2006) [see figure 2.]

Figure 2. Determinants of motor profile in delirium.



The stability of motor subtypes over the course of a delirium episode is poorly studied with virtually no longitudinal data apart from studies of motor symptoms rather than actual subtypes. The extent to which varying motor profile reflects the inherent fluctuating course of delirium in general is unclear, but it is thought that with increasing chronicity of symptoms or approaching death patients become more hypoactive. This is in keeping with the notion that increasing frailty and physical incapacity is a factor in hypoactivity. However, longitudinal studies are needed to assess the extent to which motor activity profile alters as medication exposure or etiological causation change – it is widely believed that sedative medications can cause a transition from relative hyperactivity to hypoactivity.  The few existing studies that have examined motor activity over time suggest that motor profile is relatively stable over the course of an episode. Fann et al (2005) studied motor symptom profile in 90 patients  pretransplantation to 30 days post stem cell transplantation and found that psychomotor disturbance was consistently hypoactive (in 86%) throughout a delirium episode. Marcantonio et al (2003) studied delirium symptom persistence over a week in elderly patients admitted to post-acute facilities and found that, when present, both lethargy and restlessness remained stable in the majority (95%) of patients. Peterson et al (2003) used the Richmond Agitation and Aggression Scale (RAAS) to rate MICU delirium patients by nurses three times per shift for an average of 6 days. They found that most assessments indicated mixed (n=255) or pure hypoactive (n=138) features while very few patients had evidence of ‘pure’ hyperactive delirium (n=4).

The extent to which motor subtypes represent three distinct categories is unclear. Mixed profile may represent a variant of hyperactive subtype rather than an entirely distinct category. In many reports, up to 50% of patients present with mixed motor subtype during their episode.  These mixed cases may reflect the impact over time of different etiologies or may be a transitional phase as patients are shifting between hypoactive and hyperactive subtype (e.g as a consequence of therapeutic interventions). Preliminary evidence from cross-sectional studies suggests that mixed patients share the cognitive profiles of the other subtypes, but may have disproportionate sleep-wake cycle disturbance (Meagher et al, 2008b) and some work suggesting that mixed profile patients have the worst prognosis (Liu et al, 1997). Again, longitudinal studies can clarify the extent to which mixed profile is consistent over a delirium episode as well as the relationship to other subtypes where transition occurs. 

The motor subtypes of delirium occur at differing frequencies in different populations (see Table 6 ). Hypoactive subtype is reported at higher frequency in palliative care and Intensive Care (ICU) populations while consultation-liaison populations appear to experience relatively more hyperactivity and ICU patients have high rates of mixed subtype. The wide range in reported frequencies highlights the lack of consistency in findings which, in part, reflects methodological issues. Most studies do not consider the possibility of delirious patients having  ‘no subtype’ but in those that do, typically around 15% of patients fit into this category although the method of subtype determination is key. Detection is a confounding factor such that without active screening the frequency of hypoactive subtype in particular is likely to be underestimated. Similarly, etiological underpinnings, demographic profile, and medication exposure differ across populations and may also contribute to these observed differences.  

Table 6. Frequency of motor subtypes in studies of different populations 

	
	Studies

(total N)
	Motor Subtype frequency (Range)

	
	
	Hypoactive
	Mixed
	Hyperactive
	No subtype

	Elderly
	14 (1595)
	32% (13-46%)
	28% (12-52%)
	25% (10-81%)
	15% (0-31%)

	Cancer / HIV
	11 (865)
	51% (10-84%)
	15% (5-64%)
	31% (3-71%)
	3% (0-19%)

	CL referrals
	6 (413)
	15% (0-32%)
	26% (15-48%)
	59% (36-79%)
	----

	ICU
	3 (567)
	46% (38-92.5%)
	53% (6-61%)
	1% (0-1.6%)
	----


Balan et al, 2003; Breitbart et al, 2002a; Breitbart et al, 2002b; Camus et al, 2000; De Rooij et al, 2006; Fann et al, 2005; Gaudreau et al, 2005; Gupta et al, 2005; Kiely et al, 2007; Kobayashi et al, 1992; Koponen et al, 1989; Lam et al, 2003; Lawlor et al, 2000; Liptzin and Levkoff, 1992; Liu et al, 1997; Marcantonio et al, 2002; Meagher DJ et al, 1996; Meagher et al, 2008a; Meagher et al, 2008b; Morita et al, 2001; Okamato et al, 1999; O’Keeffe and Lavan, 1999; Olofsson et al, 1996; Pandharipande et al, 2007; Peterson et al, 2003 ; Peterson et al, 2006; Platt et al, 1994; Ross et al, 1991; Sandberg et al, 1999; Santana-Santos et al, 2005; Uchiyama et al, 1996; Van der Cammen et al, 2006; Van Munster et al, 2007; Van Munster et al, 2008.  
Future directions

The study by Meagher et al (2008a) emphasises the difficulties posed by the use of a range of unvalidated methods to define motor subtypes with a resulting lack of comparability between studies. Greater consistency in subtype definition, including the use of reliable and validated methods is fundamental to progressing our understanding of motor subtypes. It will also be important to clarify the features that are best suited for use as criteria for subtyping - the increasing recognition that psychosis is common in hypoactive patients (Stagno et al, 2004) and evidence that psychomotoric symptoms are common in non-delirious control populations (Meagher et al, 2008a) highlight the need to focus on disturbances that directly reflect motor activity rather than associated features. Studies need to explore the concurrent validity of methods as well as their inter-rater reliability when used by the variety of healthcare professionals across the range of treatment settings where delirium occurs. 

Studies need to account better for the role of medications, comorbid problems (especially dementia), and underlying etiological burden in shaping motor profile in delirium. In addition, the increasing availability of instruments that allow assessment of a broad range of cognitive and non-cognitive elements of delirium should allow for better understanding of the relationship between different symptoms. Sleep and motor disturbances are the most prominent non-cognitive features, but their relationship over the course of a delirium episode needs closer scrutiny. Similarly, the relationship of motor activity profile to arousal and vigilance remains poorly studied but it is possible that motor disturbances reflect the expression of acute cognitive disturbance in the context of differing levels of arousal. 

Longitudinal studies are needed to address the stability of subtypes over time. Such work can help our understanding of whether subtypes are distinct entities or merely different representations of delirium shaped, for example, by factors such as those depicted in figure 2. Such studies are also likely to illuminate the pathophysiology of delirium and its subtypes.  

The problem of non-detection of delirium remains a key issue for both clinical and research efforts. The challenges for detection posed by different motor profiles warrant that the definition of hypoactive delirium needs to be simple and user-friendly in order to encourage greater awareness and easier recognition in real-world practice. Moreover, certain symptoms (e.g. disorganised thinking) are difficult to demonstrate in hypoactive patients (Cole et al, 2003). DSM and ICD definitions of delirium need to be sensitive to the complexities of diagnosis posed by hypoactive delirium (Meagher et al, 2008d).

Overall, studies of motor subtypes of delirium suggest considerable potential but research has been fraught with methodological problems with inconsistency in subtyping methods a key concern. The emergence of more robust methods to define subtypes, with better account of the clinical heterogeneity of delirium, in studies that include longitudinal assessments offers the prospect of more targeted studies in the domains of pathophysiology, treatment, and prognosis.
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Abstract

Studies using composite measurement of cognition suggest that cognitive performance is similar across motor variants of delirium. We assessed neuropsychological and symptom profile in 100 consecutive cases of DSM-IV delirium allocated to motor subtypes in a palliative care unit : hypoactive (n=33), hyperactive (n=18), mixed (n=26), and no alteration motor groups (n=23). The mixed group had more severe delirium (p<0.01) with highest scores for DRS-R98 sleep-wake cycle disturbance, hallucinations, delusions, and language abnormalities.  Neither total CTD nor its 5 neuropsychological domains differed across hyperactive, mixed and hypoactive motor groups.  Most (70%) patients with no motor alteration had DRS-R98 scores in the mild or subsyndromal range even though they met DSM-IV criteria.  Motor variants in delirium have similar cognitive profiles but mixed cases differ in expression of several non-cognitive features. 

Introduction

Delirium is an acute neuropsychiatric syndrome of impaired consciousness comprised of inattention, impaired higher level thinking and circadian disturbances.  Despite a wide variety of etiologies, delirium has a characteristic constellation of symptoms that suggests a final common neural pathway.  Motor disturbances are core symptoms of delirium and occur frequently as do cognitive impairments and sleep-wake cycle disturbance (Meagher and Trzepacz, 2009). 

Disturbances of motor behaviour are highly visible and an almost invariable feature of delirium (Meagher et al, 2008a), and have been used to define clinical subtypes of delirium. A requirement of clinically meaningful subtypes of any disorder is that certain associated features clearly separate subtypes and that subtypes have predictive value for some underlying physiology or outcome. To date, studies of delirium motor subtypes have employed many different assessment methods not all of which have been focused on motor features specifically. Using these various classifications, motor variants have been reported to differ regarding non-motor symptoms (Meagher et al, 2000) , etiology (Ross et al, 1991; Meagher et al, 1998) pathophysiology (Balan et al, 2003; van der Cammen et al, 2006), detection rates (Inouye et al, 2001) , treatment response (Meagher et al, 1996; Breitbart et al, 2002; Liptzin et al, 1992), duration of episode and outcome (Liptzin et al, 1992; O’Keeffe and Lavan, 1999; Treloar and Macdonald, 1997; Marcantonio et al, 2002). To date studies have been conducted among heterogenous patient populations yielding inconsistent patterns.  For example, better prognosis has been reported in some studies in hypoactive patients (Marcantonio et al, 2002), whereas others report better prognosis in hyperactives (Liptzin and Levkoff, 1992; Olofsson et al, 1996) .  Studies of cognitive profile suggest that it is comparable across variants, as are EEG abnormalities (Meagher, 2009), although those studies used a composite measure of cognition rather than comparing individual neuropsychological domains. 

 Drawing conclusions from the existing literature is challenging due to inconsistent  approaches to defining motor presentation where many include psychomotor features that are not specific to delirium, such as singing, shouting, laughing, difficult to manage behaviors, combativeness, and where the threshold for categorization might only require a single symptom be present.   Instruments vary in structure - long psychomotor checklists, ‘clinical impression’, visual analogue scale, and motor items taken from standardized delirium rating instruments (Meagher, 2009) . These issues are highlighted by a recent study of delirium which found only 34% concordance across four commonly used motor subtype methods applied to the same study population, three of which were psychomotor checklists (Meagher et al, 2008a) . More recently, motor variants were redefined (Meagher et al, 2008b) in a controlled study by analyzing data using the 30-item Delirium Motor Checklist which was comprised of all non-redundant items taken from combining three popular psychomotor schemas (Lipowski, 1983; O’Keeffe, 1999; Liptzin and Levkoff, 1992) . The resultant new motor scale, is more concise, data-derived, focused on motor disturbances, and relatively specific for delirious patients as compared with nondelirious controls in the same setting (Meagher et al, 2008b) . Further, this new scale has been validated against objective motor activity measurements using accelerometry (Leonard et al, 2007; Godfrey et al, 2008). Use of this validated motor-focused scale should enable more accuracy and clarity when applied to research in delirious patients to verify whether, indeed, there exist motor subtypes and what constitutes their clinical meaningfulness.  Much of the previous literature on motor subtypes in delirium may, in fact, need to be interpreted with some degree of scepticism. 

We studied phenomenological and neuropsychological profiles in delirious patients categorized into groups defined by the new motor scale to determine whether cognitive and noncognitive features of delirium were different across motor groups (hyperactive, hypoactive, and mixed) when compared to delirious controls without motor alterations. 

Methods

Subjects and Design

Work was conducted at Milford Care Hospice where all patients are screened with the Confusion Assessment Method (CAM: Inouye et al, 1990) as part of the admission procedure and on daily rounds by the palliative care team. Patients with an altered mental state as per the CAM were referred to liaison psychiatry and assessed within 24 hours to confirm DSM-IV (APA, 1994) delirium. Patients meeting DSM-IV criteria for delirium underwent a detailed delirium assessment of demographics, phenomenological profile, dementia status, and course of delirium (see below for assessment methods used). These procedures were developed as part of a validation study of the CAM in palliative care settings (Ryan et al, 2008).  Patients diagnosed with delirium by the treating medical team were excluded if they were imminently near death or where circumstances were too difficult to allow assessment (as per opinion of the treating medical team) which resulted in the exclusion of 12 patients. One hundred and twenty one consecutive cases of DSM-IV delirium were assessed of whom 100 underwent at least two assessments and were included in a larger serial analysis study. For the purpose of this paper, we describe the phenomenological and neuropsychological profile across motor variants in the first assessment of these 100 patients. 

Because of the non-invasive nature of the study, Limerick Regional Ethics Committee approval was given to augment patient assent with proxy consent from next of kin (where possible) or a responsible caregiver for all participants in accordance with Helsinki Guidelines for Medical research involving human subjects (World Medical Association, 2004).

Procedures
Demographic profile, duration of delirium symptoms at referral, and possibility of underlying dementia (noted by history or investigation) were documented for each patient. All medication prescribed for the patient during the previous 24 hour period of study was noted and dose equivalents of opioids, antipsychotics, steroids and benzodiazepines were calculated according to standard equivalents.

Delirium symptoms over the previous 3-4 day period were assessed with the Delirium Rating Scale-Revised-98 (Trzepacz et al, 2001) and neuropsychological performance at the time of assessment was tested using the Cognitive Test for Delirium (Hart et al, 1996). Assessments were conducted by raters previously trained and highly experienced in the administration of these instruments (ML, DM). To further enhance interrater reliability, difficult ratings were discussed and rated by consensus between raters.

Delirium Rating Scale-Revised-98 (DRS-R98):  The DRS-R98 (Trzepacz et al, 2001) is a widely used instrument to measure symptom severity as well as to diagnose delirium.   It is a 16-item clinician-rated scale with 13 severity and 3 diagnostic items and is a valid measure of delirium severity over a broad range of symptoms. The 13-item severity section can be scored separately from the 3-item diagnostic section; their sum constitutes the total scale score. The severity of individual items is rated from 0 to 3 points and each item is anchored by text descriptions as guides for rating along a continuum from normal to severely impaired.  Thus, DRS-R98 severity scores range from 0-39 with higher scores indicating more severe delirium and a cut-off score >15 consistent with a diagnosis of delirium. The total scale can be scored initially to enhance differential diagnosis by capturing characteristic features of delirium, such as acute onset and fluctuation of symptom severity. Two items of the DRS-R98 assess motor presentation (item 7 agitation, item 8 retardation). Although the instrument can be used to rate symptoms over variable periods from hours to weeks, it is ideally used to rate delirium over 24 hours to improve recognition of intermittent symptoms but can also be used to rate symptoms over variable periods from hours to weeks and for the purposes of this study was applied biweekly to encompass the previous 3-4 day period since the previous assessment.  It has high interrater reliability, validity, sensitivity and specificity for distinguishing delirium from mixed neuropsychiatric populations including dementia, depression, and schizophrenia (Trzepacz et al, 2001) .  

Cognitive Test for Delirium (CTD) (Hart et al, 1996): This is a relatively brief (15-20 minutes) test of neuropsychological function that emphasises visual abilities and is suitable for assessing a broad range of delirious patients including those that are intubated or cannot speak. Originally validated in severely ill ICU patients, responses can be nonverbal (pointing, nodding head, raising hand).  The CTD comprises 5 neuropsychological domains (orientation / attention /memory /comprehension /vigilance) and generates a score from 0 to 30, with higher scores indicating better cognitive function. An optimal cut-off score to discriminate delirium from other disorders is <19, however it can be used as a continuous, uni-dimensional measure of cognition in delirium. It distinguished delirium from dementia, schizophrenia and depression.

Categorization into motor groups: Staff nurses completed the 30-item Delirium Motor Checklist (DMC) independently of the psychiatrist for the same 24-hour period that the DRS-R98 was rated for. These results were used to categorize patients into hyperactive, mixed, hypoactive or no motor subtype groups based on the new data-based motor scale (Meagher et al, 2008b) . Presence of at least two of four hyperactive items (increased quantity of motor activity, loss of control of activity, restlessness and wandering) and /or two of seven hypoactive items (decreased amount of activity, decreased speed of actions, reduced awareness of surroundings, decreased speed and amount of speech, listlessness and reduced alertness/withdrawal) were required for classification. Mixed motor subtype criteria was met provided patients had evidence of both hyperactive and hypoactive subtype in the previous 3-4 days.  

Assessment of Ease of Ward Management: Nurses completed a four point checklist outlining the ease with which patients can be nursed on the unit – the so-called Ease of Ward Management Scale (EOWM)(Meagher et al, 2007):

1. The patient’s behaviour poses little or no difficulty, they are co-operative with treatment and require only routine observation.

2. Some problems exist with the patient’s behaviour but they are generally compliant with treatment and manageable with observation or minimal sedation (e.g. once off low-dose medication).

3. Significant problems exist in the management of the patient’s behaviour, necessitating more than minimal medication and or special measures (eg close observation).

4. The patient’s behaviour poses a major problem (e.g. is a significant risk to self or others) requiring sedation and or restraints and or special nursing care.

Etiological assessment: The Delirium Etiology Rating Checklist (Meagher and Trzepacz, 2009) allows for the multifactorial assessment of delirium etiology by rating 12 categories of contributing etiologies according to the likelihood of their being a cause for delirium (rated on a five-point scale ranging from ruled out/not present/not relevant (0) to definite cause (4). 

Statistical Analyses

Data analysis was conducted by using the Statistical Package for the Social Sciences for Windows 14. Continuous variables for demographic and rating scale scores were expressed as means and standard deviations (SD). Continuous variables were compared using one way ANOVA followed by pairwise comparisons. Non-normal data was compared with non-parametric tests by using the Kruskal-Wallis for all 4 groups and Mann-Whitney U tests for between group comparisons.  Statistical significance was for p<.05. 

RESULTS

Demographic and clinical values by motor group are shown in Table 1. Mean age was 70.3 ± 10.5 years (range 36-90) and 49% were female.  There were no significant age or sex differences among the groups. 

Thirty-three patients were classified as hypoactive, 26 patients mixed, 18 hyperactive and 23 did not meet any criteria (‘no-subtype’). Hyperactive and mixed groups had significantly higher mean EOWM scores than the other two groups. Groups were comparable for the number of contributing aetiologies with drug intoxication, metabolic-endocrine disturbances and systemic infection the most commonly implicated aetiologies.

Table 1. Demographic and clinical characteristics of 100 delirious patients classified into motor variant groups. Data expressed as means (SD) or n. 
	
	Hyperactive

(n=18)
	Mixed

(n=26)
	Hypoactive

(n=33)
	No Subtype

(n=23)

	Age, years


	66.5 ± 9.0


	67.6 ± 12.5
	71.6 ± 10.0
	73.9 ± 8.6

	Gender, male/female
	10/7
	17/9
	13/20
	10/13

	Comorbid Dementia
	3/17
	6/26
	8/33
	5/17

	Duration of symptoms at assess (days) 
	17.0 ± 30.1
	9.9 ± 9.6
	8.3 ± 8.2
	17.6 ± 38.1

	*Ease of ward Management 
	2.4 ± 0.9
	2.5 ± 0.8
	1.8 ± 0.6a
	1.8 ± 0.8a

	Number of aetiological categories
	3.0 ± 1.0
	3.2 ± 1.2
	2.9 ± 1.1
	2.8 ± 0.8


* ANOVA  p=0.001; Pairwise comparisons :  aHypoactive and no subtype < hyperactive and Mixed;  p<0.05 

Table 2 lists DRS-R98 scale and subscale scores for motor groups. Mean scores across all four groups were significantly different for all comparisons. This difference was primarily driven by the no subtype group that was significantly less impaired than the other groups on all comparisons, scoring in the mild to subsyndromal range.  In addition, the mixed group scored significantly higher than hypoactive and hyperactive groups for overall severity of delirium and for the non-cognitive subscale, including whether or not the motor items were removed (so-called ‘non-cognitive non-motor subscale’).  However, the three motor groups did not differ across the DRS-R98 cognitive subscale (items 9-13).  

Table 2. Comparison of DRS-R98 scale and subscale scores (mean + SD) in 100 delirious patients classified by motor subtypes.

	
	Hyperactive

(n=17)
	Mixed

(n=26)
	Hypoactive

(n=33)
	No subtype

(n=23)

	DRS-Total score (items 1-16) *
	20.3 ± 5.9a
	25.4 ± 5.6
	20.3 ± 5.9a,b
	15.6 ± 3.9a

	DRS severity score

(items 1-13) *
	15.7 ± 6.7a
	20.8 ± 5.4
	15.9 ± 5 .9a,b
	11.8 ± 3.9a

	Non-cognitive subscale (items 1-8 ) *
	8.2 ± 4.1a
	11.4 ± 3.8
	7.9 ± 3.6a,b
	5.2 ± 2.2a

	Non-cognitive non-motor subscale‡ 

(Items 1-6)  *
	6.3 ± 3.4a
	8.6 ± 3.0
	5.9 ± 3.08a
	4.3 ± 2.02a

	Cognitive subscale 

(Items 9-13)**
	7.5 ± 3.3
	9.2 ± 2.9
	8.1 ± 3.2
	6.3 ± 3.07a


‡motor items removed for this analysis

ANOVA :   * p< 0.001; **p=0.01.

Pairwise comparisons : a < Mixed at p<0.05; b >None at p<0.05

Mean DRS-R98 item scores are shown in Table 3. Attention, short term memory, visuospatial ability and thought process abnormality were not significantly different across all four groups.  Pairwise comparisons revealed some differences for other items among the motor groups. Mean scores in the mixed group were significantly more impaired than the hyperactive group for language, motor retardation, orientation, and long term memory, and significantly more impaired than the hypoactive group for sleep-wake cycle, perceptual disturbances, and motor agitation.  There were no differences for all other items across the three motor groups, except for the expected significant differences for more impaired motor agitation in the hyperactive group vs. the hypoactive group, and visa versa.

Table 3. DRS-R98 severity scale item scores (mean ± SD) in 100 delirious  patients classified by motor subtypes  and frequencies for total cohort (where present is for any nonzero item score) 

	DRS-R98 item
	Hyperactive

(n=17)
	Mixed

(n=26)
	Hypoactive

(n=33)
	No Subtype

(n=23)
	Frequency for total cohort

	Sleep-wake cycle disturbance* 
	1.7 ± 0.8


	2.0 ± 0.5

	1.5 ± 0.7a


	1.1 ± 0.7a


	92%

	Perceptual and hallucinations*
	1.0 ± 1.2


	1.7 ± 1.3

	0.6 ± 1.0a


	0.7 ± 1.1a


	46%

	Delusions** 
	0.5 ± 1.0


	0.9 ± 1.2

	0.4 ± 0.8


	0.1 ± 0.3a


	29%

	Affective lability*
	0.8 ± 0.7


	1.0 ± 0.8

	0.8 ± 0.8

	
0.3 ± 0.5a,c


	       56%

	Language **
	0.8 ± 0.9a


	1.3 ± 0.5

	1.1 ± 0.8

	0.8 ± 0.7


	77%

	Thought process
	1.3 ± 1.0


	1.5 ± 0.9


	1.4 ± 1.1


	1.3 ± 0.9


	81%

	Motor agitation*
	1.4 ± 0.8


	1.5 ± 0.8


	0.6 ± 0.7a,b


	0.3 ± 0.6a,b


	62%

	Motor retardation*
	0.4 ± 0.6a,c


	1.3 ± 0.9


	1.3 ± 0.8


	0.6 ± 0.6a,c


	68%

	Orientation*
	0.9 ± 0.8a


	1.6 ± 0.6,


	1.3 ± 0.7


	0.9 ± 0.8a


	81%

	Attention
	1.8 ± 0.9


	2.1 ± 0.8


	2.0 ± 0.7


	1.8 ± 1.0


	97%

	Short term memory
	1.8 ± 1.1


	1.8 ± 1.0


	1.7 ± 1.1


	1.1 ± 1.1


	81%

	Long term memory*
	1.0 ± 0.9a


	1.6 ± 0.8

	1.1 ± 0.8


	0.8 ± 0.7a


	77%

	Visuospatial ability 
	2.0 ± 0.9


	2.0 ± 1.1


	1.9 ± 1.1


	1.6 ± 1.0


	88%


ANOVA across four groups * p<.005; **p<.05. 

Pairwise comparisons : a< Mixed at p<0.05;  b < Hyper at  p<0.05;  c < Hypo at  p<0.05

Mean item score for DRS-R98 motor agitation was comparably impaired between mixed and hyperactive groups and motor retardation comparable between the mixed and hypoactive groups, where the mixed group would be expected to represent components of each motor presentation. These data provide some cross-validation between the DRS-R98 and the new motor classification scale. 

Frequencies for DRS-R98 items across the whole cohort showed that inattention and  sleep-wake cycle occurred in more than 90% of patients. While 23% of the 100 patients did not reach motor subtype criteria according to the Meagher et al method (2008), many of these patients did have evidence of motor alterations as measured on the DRS-R98 where 92% of the cohort scored ≥ 1 on items 7 or 8, while only 45% scored ≥ 2 on either of these items. In addition, 12 of the 23 patients who did not meet subtype criteria according to the Meagher et al method did have at least some of the motor disturbances albeit not at full subtype criteria.

Table 4. CTD total and item scores (Mean and SD) for Motor Subtypes and frequencies (where present is for any nonzero item score) for total cohort
	CTD item
	Hyper

(n=18)
	Mixed

(n=26)
	Hypoactive

(n=33)
	No subtype

(n=23)
	Frequencies for total cohort

	Orientation* 
	4.1 ± 2.6
	2.7 ± 2.2
	3.0 ± 2.2
	4.38 ± 2.06a
	67%

	Attention*
	2.9 ± 1.8a
	1.4 ± 1.6
	1.6 ± 1.6
	2.7 ± 1.8
	96%

	Memory*
	3.2 ± 2.3
	2.1 ± 2.1
	3.0 ± 1.9
	4.4 ± 2.0a
	78%

	Comprehension*
	4.0 ± 1.4
	3.7 ± 1.6
	4.0 ± 2.0
	5.1 ± 0.9a
	77%

	Vigilance
	2.0 ± 2.1
	1.1 ± 1.7
	1.9 ± 2.0
	2.1 ± 2.2
	92%

	*CTD total
	16.3 ± 5.7
	11.1± 7.5
	13.6± 7.5
	18.8 ± 7.1a,b
	


*ANOVA p<.05;   

Pairwise comparisons :   a   > Mixed at p<0.05;   b    > Hypo at p <0.05
CTD scores for motor groups are shown in Table 4.  Total CTD scores and all item scores except vigilance were significantly different across all four groups. However, these differences were driven largely by the no subtype group. Cognitive function  was not significantly different across motor groups for any neuropsychological domain except attention that was more impaired in hyperactive than mixed cases.     

Medication exposure, including diazepam, morphine and chlorpromazine equivalents is shown in Table 5. All delirium patients were receiving at least one psychotropic medication. Hypoactive and mixed subtypes differed in relation to chlorpromazine equivalent doses (p=0.002). There was no significant difference in morphine or diazepam equivalent doses prescribed for each of the motor subtypes.

Table 5. Comparison of prescribed medication among the motor subtypes

	
	Hyper 

(n=17)
	Mixed

(n=26)
	Hypoactive

(n=33)
	No Subtype

(n=23)

	Number of Meds
	8.6 ± 3.0
	10.5 ± 3.8
	10.7 ± 4.2
	10.6 ± 3.5

	Number of    Psychotropics 
	3.1 ± 1.2
	3.5 ± 1.9
	3.2 ± 1.2
	3.0 ± 1.5

	Diazepam equivalents
	4.9 ± 6.0
	7.4 ± 10.0
	4.2 ± 5.0
	3.5 ± 4.3

	Morphine equivalents
	119.1 ± 215.0
	101.5 ± 164.3
	112.4 ± 147.3
	91.3 ± 154.5

	Chlorpromazine* equivalents
	68.2 ± 99.5
	166.4 1± 237.3
	34.5 ± 64.9a
	26.7 ± 65.7a


ANOVA *p=.001

a <Mixed at  p<0.05

Discussion

Delirium occurs commonly in palliative care settings with rates of up to 85% reported (Massie et al, 1983) yet there is a relative paucity of literature addressing the assessment of motor subtypes of delirium in this setting. This may in part be explained by the considerable ethical challenges posed by studying such a frail and often seriously ill population including those with so-called terminal restlessness. In cases with refractory symptoms, deeper or ‘palliative’ sedation may be required (Leonard et al, 2008). The majority of these patients are receiving opiates for their underlying condition and midazolam is widely prescribed. The degree to which these medications act as confounding factors in the study of motoric subtypes is unclear. In this study it is noteworthy that no significant difference occurred in morphine equivalents across the motor subtypes suggesting morphine does not play a significant role. Our population was younger with less dementia and with greater medical morbidity than perhaps in a general hospital population. In an ongoing study we aim to replicate this work in a general hospital population and this will allow direct comparison between the two populations.  

This study investigated the phenomenology and neuropsychological domains across  motor variants in delirium as defined by a new data-based motor scale which focuses on motor symptoms that are relatively specific for delirium (Meagher et al, 2008b) . This new motor scale has demonstrated concurrent (Leonard et al, 2007)  and predictive validity (Meagher et al, 2008c), with recent validation against objective motor monitoring using electronically measured accelerometry. This work is the first to compare specific cognitive and non-cognitive features using widely used standardized delirium instruments in three motor variant groups as compared to a no motor variant delirium group.  The pattern of DRS-R98 motor items scores added another aspect of validation to the new motor subtyping scale because scores were comparable and higher for motor agitation in hyperactive and mixed groups than hypoactive, and the converse for hypoactive and mixed groups for the motor retardation item.

Previous work has measured cognition as a single composite score and reported that cognitive impairment is comparable despite motor presentation of delirium. This finding is confirmed by our work and affirms that delirium is primarily a cognitive disorder. Unlike prior work, however, we found that the mixed group was often more impaired for certain noncognitive symptoms of delirium and also had the worst overall level of impairment. 

Other subtype scales (Lipowski, 1983; O’Keeffe, 1999; Liptzin and Levkoff, 1992) include a variety of noncognitive symptoms (speech disturbances, combativeness, fear), however in a recent study Meagher et al (2008a) concluded that only 6 of 22 non-motor symptoms differed suggesting nonspecificity for delirium. There was greater similarity between mixed subtype and hyperactive rather than hypoactive subtype for several noncognitive symptoms - sleep-wake cycle disturbances, hallucinations, and agitation - suggesting that these symptoms are particularly associated with mixed and hyperactive delirium.  A recent factor analysis of the DRS-R98 found two factors, cognitive and psychosis/agitation, where sleep-wake cycle, thought process and attention loaded onto both factors but the agitation factor loaded motor agitation along with delusions, perceptual disturbances, affective lability and fluctuation of symptoms (Franco et al, 2009 ). It is likely that those symptoms are driven together by some underlying neuropathophysiological mechanism to co-occur in the motor agitated state in delirium. Conversely but consistent with these data for hyperactive symptoms, Meagher et al (2000) found that the hypoactive group scored lower for sleep wake cycle disturbances, delusions, variability of symptoms, and mood lability. Franco et al (2009) found motor retardation loaded on the factor with language and cognitive items.  

These data on different patterns of non-core, noncognitive symptoms have implications for understanding neural underpinnings of delirium. The confirmation of the finding that cognitive impairment is essentially the same across all three subtypes, also has important clinical implications. Hypoactive patients are commonly misdiagnosed or detected late (Farrell and Ganzini, 1995) and have poorer overall outcomes (O’Keeffe and Lavan, 1999; Kiely et al, 2007) because they are less noticeable than hyperactive or mixed presentations of delirium, despite similar levels of cognitive disturbance. This strongly suggests the need for routine formal cognitive assessment of patients to allow improved detection of delirium. 

Twenty three patients with DSM-IV delirium did not meet criteria for any motor subtype according to the new method, raising concerns regarding its inclusiveness given that previous work has indicated that motor activity disturbances are almost invariably present in delirium (Meagher et al, 2008a). However, these patients had significantly less severe delirium rated according to the DRS-R98, where only six of these patients had scores above the suggested diagnostic cutoff point of 15. These findings concur with de Jonghe et al’s (2007) study of prodromal delirium where non-motor features were prominent early indicators of delirium and suggest that motor disturbances are more prominent in full syndromal delirium rather than during subsyndromal phases.  

Previous work using the original ten item Delirium Rating Scale Trzepacz et al, 1988), found that overall DRS scores were highest in the hyperactive group, intermediate in the mixed group and lowest in the hypoactive group (Meagher et al, 2000). This present work found that patients with mixed subtype had greater overall severity of symptoms measured on the DRS-R98 and that this reflected more severe non-cognitive rather than cognitive disturbances and suggesting similar levels of cognitive dysfunction regardless of motor presentation. The relevance of these findings to prognosis remains uncertain but some work has indicated poorer prognosis for mixed subtype (Kobayashi et al, 1992; Liu et al, 1997) although most studies suggest poorer prognosis is associated with hypoactive presentations (Meagher, 2009). It has been suggested that mixed presentations might reflect the varying impact of multiple etiologies for delirium and that mixed subtype is associated with more complex etiological underpinnings, but our work indicates similar levels of etiological burden across motor subtypes.  

Inattention, impaired vigilance, and sleep-wake cycle disturbance were the most consistently impaired symptoms on the DRS-R98 and/or CTD, each occurring with a frequency of more than 90 % of all patients.  Language and thought process abnormalities and impaired comprehension were in the next most common grouping with a frequency of over 70%, along with the other cognitive items.  These data support the proposal that there are three core domains of delirium: attention (plus other cognitive areas), circadian disturbance (sleep-wake cycle and possibly also motor alterations), and higher level thinking (comprehension, language and thinking processes) (Meagher and Trzepacz, 2009; Franco et al, 2009). Motor disturbances were also highly prevalent by both DRS-R98 (92%) and Meagher et al subtype criteria (89%) which suggests motor disturbances are very common and may be invariably present when measured over the course of a delirium episode rather than cross-sectionally as per this work. Sleep and motor behaviour are influenced by circadian rhythms and influenced by the hormone melatonin. Balan and colleagues (2003) found that levels of a melatonin metabolite (6-SMT) correlated closely with the motor presentation during the delirium episode with highest levels recorded in hypoactive patients. Further work exploring the relationship between circadian rhythm disturbance and cognition may provide important insights into the pathobiology of delirium.  

Similar to previous reports (Meagher et al, 1996; Breitbart et al, 2002) patients with both hyperactive and mixed subtypes received greater nursing attention and antipsychotic medication than their hypoactive counterparts. In part this reflects the varying challenges that motor subtypes pose in real world management, but it has also been suggested that hypoactive presentations are less energetically managed because their problems are perceived as less compelling. In support, studies have highlighted relatively less use of both drug and environmental manipulations to manage hypoactive patients (Meagher et al, 1996; O’Keeffe and Lavan, 1999) even though available evidence indicates that patients with a variety of motor presentations respond to antipsychotic treatment (Meagher, 2009). 

More detailed longitudinal study of delirium symptoms in a range of different populations (eg. elderly medical, post-operative, ICU) is needed to illuminate underlying etiologies and prognostic implications of motor subtypes of delirium. In addition, studies need to clarify the stability of motor subtypes over the course of a delirium episode. The performance of the CAM is dependent on the skill of the operator (Inouye et al, 2001; Ryan et al, 2008). Better detection of the different motor subtypes of delirium can occur with more routine systematic assessment of cognition which in turn may be assisted by developments in human-computer interaction technology allowing more reliable assessment of the cognitive domains most affected by delirium (Exton and Leonard, 2009). 
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Abstract

Purpose : Motor defined subtypes are a promising means of identifying clinically relevant patient subgroups but little is known about their course and stability during a delirium episode.

Methods : 100 consecutive adults with DSM-IV delirium were assessed biweekly throughout their delirium episode using the Delirium Motor Subtype Scale (DMSS), Delirium Rating Scale Revised-98 (DRS-R98) and Cognitive Test for Delirium (CTD).  DMSS subtypes were assigned for each assessment and analyzed for stability within patients during episodes.

Results : Delirious patients [mean age 70.2 ±10.5, 51 male, mean DRS-R98 total score=20.1±7.4. mean CTD=3.8 ± 8.0] underwent 303 longitudinal assessments (range 2-9). Across all assessments, DMSS subtype occurrence was hypoactive (35%), mixed (26%), hyperactive (15%) and no subtype (24%). “No subtype” was associated with significantly lower DRS-R98 Severity scores, of which  80% were subsyndromal, whereas mixed subtype assessments were the most impaired on the DRS-R98 and CTD.  Subtypes were stable within delirium episodes in 62% of patients:  29% hypoactive, 18% mixed, 10% hyperactive and 6% no subtype.  Subtypes were variable during episodes in 38%,where delirium duration was significantly longer (p<0.001) than in stable subtype groups. The DRS-R98 noncognitive subscale scores differed across groups whereas cognitive subscale scores did not (p<0.001).

Conclusions : Motor activity disturbances meeting DMSS criteria occur in nearly all patients with full syndromal delirium, whereas no motor subtype was associated with subsyndromal delirium. Motor subtypes were stable during delirium episodes in 62% of patients. Subtypes were distinguished by their non-cognitive symptom severity, with comparable cognitive impairment, supporting the importance of cognitive testing  in delirium detection. 

Background

Although delirium is considered a unitary syndrome with prevalent core symptoms, it is a highly heterogenous condition in causation and outcome, especially in the elderly. The motor presentation is also quite variable where those with hyperactivity tend to be more readily recognised.  Meagher (2009) reviewed the evidence that delirium patients described according to motor subtypes are distinguished across a range of important parameters; subtype criteria, incidence and outcomes are inconsistent across studies and confounded by poorer recognition of hypoactive patients especially where studies do not include active screening.  Treatment differences have been reported in only a few studies where psychomotor subtype had been addressed. Moreover, interpretation of the existing literature is hindered by a lack of consistency in methodology, especially subtype criteria where many have used definitions that include psychomotor symptoms, may only require one symptom that might not be specifically motor in nature, and have not been validated against controls or objective motor measures.  Meagher et al (2008a) validated a new motor subtype scale, the Delirium Motor Subtype Scale (DMSS), focused only on motor features. Moreover, subsequent work has indicated that DMSS defined subtypes match objective (electronic) measures of motion (Godfrey et al, 2009). Subtypes identified cross-sectionally using the DMSS had comparable neuropsychological profiles but differed for non-cognitive symptoms of delirium (Leonard et al, 2011). Furthermore, preliminary work has suggested that the DMSS has predictive validity for outcome in delirium (Meagher et al, 2008b).

Most phenomenological research describes cross-sectional assessment of delirium and therefore little is known about the stability of motor symptoms and subtypes over the course of a delirium episode within an individual (Meagher, 2009). The nature of delirium – as a highly fluctuating condition – mandates that in order to fully capture the character of the syndrome phenomenological issues must be explored with longitudinal studies that assess clinical profile over the full duration of an episode. Motor symptoms may reflect endophenotypic differences such as differential activity at dopamine D3 and D4 receptors in striatum, brain connectivity differences, or genetic polymorphisms. Alternatively, deliriogenic etiologies occurring during an episode might contribute differentially to motor presentations - delirium occurring in the context of metabolic factors or organ failure is more frequently hypoactive in presentation while that due to substance intoxication or withdrawal is more typically hyperactive (Gupta et al, 2005; Meagher et al,1998; Morita et al, 2001).
We describe 100 consecutive cases of delirium occurring in a palliative care setting that were assessed for motor profile, cognition and delirium phenomenology longitudinally for up to three weeks during the course of their delirium episodes. The specific aim was to explore how motor profile and subtype classification using the DMSS evolve during a delirium episode and relate to delirium severity, using well-validated tools. 

Methods

Subjects and Design

We conducted a prospective, longitudinal study of phenomenological profile in consecutive adult cases of delirium occurring in a palliative care inpatient service. Cases with altered mental state were identified on daily rounds by the palliative care medical team and consecutively referred for delirium diagnosis according to DSM IV criteria by the research team.  Assessments were conducted by trained, experienced raters in the use of the Revised Delirium Rating Scale (DRS-R98) (Trzepacz et al, 2001) and Cognitive Test for Delirium (CTD) (Hart et al, 1996)(ML or DM) and to further enhance interrater reliability, difficult ratings were discussed and rated by consensus between both raters. The DMSS ratings were conducted by key nursing staff familiar with the patients motor activity profile during the previous 24 hours. 

Dementia was defined as the presence of persistent cognitive impairment for at least 6 months prior to the assessment and per DSM-IV criteria based on all available information at the time of assessment including clinical case notes and collateral history from family and / or carers. 

Each case was then assessed biweekly for up to three weeks and until either discontinuation from the study or resolution of the delirium episode. The DRS-R98 was administered just prior to the CTD. The DRS-R98 rated the preceding 72 hour period whereas the CTD measured cognition at the time of its administration.  CTD responses were not used to rate DRS-R98 items.  Both the DRS-R98 and the CTD are well validated instruments, highly structured and anchored for rating and scoring. 

Informed Consent  

The procedures and rationale for the study were explained to all patients but because many patients had cognitive impairment at entry into the study it was presumed that most were not capable of giving informed written consent. Because of the non-invasive nature of the study ethics committee approval was given to augment patient assent with proxy consent from next of kin (where possible) or a responsible caregiver for all participants in accordance with the Helsinki Guidelines for Medical research involving human subjects (World Medical Association, 2004). 

Assessments

Demographic data, medical diagnoses, and medication at the time of the assessment were recorded.  All available information from medical records and where possible collateral history was used. Nursing staff were interviewed to assist rating of symptoms over each previous 72 hour-period.  
The Delirium Rating Scale-Revised-98 [DRS-R98](Trzepacz et al, 2001) is designed for broad phenomenological assessment of delirium. It is a 16-item scale with 13 severity and 3 diagnostic items with high interrater reliability, sensitivity and specificity for detecting delirium in mixed neuropsychiatric and other hospital populations (9). Each item is rated 0 (absent/normal) to 3 (severe impairment) with descriptions anchoring each severity level.  Severity scale scores range from 0-39 with higher scores indicating more severe delirium. Delirium typically involves scores above 15 points (Severity scale) or 18 points (Total scale) when dementia is in the differential diagnosis.  For determination of item frequencies in this study, any item score > 1 was considered as being “present”. DRS-R98 items can be divided into cognitive (#9-13) and non-cognitive (#1-8) subscales based on construct validity. Motor activity profile was also assessed according to scores on item 7 (agitation) and item 8 (retardation) of the DRS-R98.

The Cognitive Test for Delirium [CTD](Hart et al, 1996) was specifically designed to assess hospitalized delirium patients, in particular those who are intubated or unable to speak or write.   It assesses five neuropsychological domains (orientation, attention, memory, comprehension, and vigilance) emphasizing nonverbal (visual and auditory) modalities.  Tests are components of standardized and widely used neuropsychological tests.  Each individual domain is scored from 0-6 by 2 point increments, except for comprehension (single point increments). Total scores range between 0-30 with higher scores indicating better cognitive function and scores of less than 19 consistent with delirium.  It reliably differentiates delirium from other neuropsychiatric conditions including dementia, schizophrenia and depression (Hart et al, 1996). 

The Delirium Motor Subtype Scale (DMSS) (Meagher et al, 2008a) is a scale using 11 motor items derived from items used in previous motor subtyping methods but with relative specificity for delirium and demonstrated correlation with objective measures of motor behaviour (Godfrey et al, 2010). It can be rated by any healthcare professional who is familiar with patient behaviour and can be used to rate the previous 24 hours or more. Each of the eleven symptoms (4 hyperactive and 7 hypoactive features) are rated as present or absent   where at least 2 symptoms must be present from either the hyperactive or hypoactive list to meet subtype criteria. Patients meeting both hyperactive and hypoactive criteria are deemed mixed subtype (see Table 1).  

Statistical Analyses

Statistical analysis was conducted using the SPSS-14.0 package. Demographic and rating scale data were expressed as means plus standard deviation. Continuous variables (e.g. age, total DRS-R98, DRS-R98 subscale and total CTD scores) were compared by one way ANOVA, followed by pairwise comparisons. Mann-Whitney U tests were used to compare the number of assessments conducted over the course of the episode for patients with a variable subtype course versus those with a stable subtype pattern over assessments. The frequency of subsyndromal delirium in no subtype vs other subtypes was compared using chi-squared tests. A Bonferroni correction level of p<0.01 was applied where multiple comparisons were made.  

Table 1. The Delirium Motor Subtype Scale (DMSS).

Hyperactive subtype if definite evidence in the previous 24 hours of (and this should be a deviation from pre-delirious baseline) of at least two of:

1. Increased quantity of motor activity: Is there evidence of excessive level of activity, e.g. pacing, fidgeting, general overactivity?

2. Loss of control of activity: Is the patient unable to maintain levels of activity that are appropriate for the circumstances, e.g. remain still when required?

3. Restlessness: Does the patient complain of mental restlessness or appear agitated?

4. Wandering: Is the patient moving around without clear direction or purpose?

Hypoactive subtype if definite evidence in the previous 24 hours of (and this should be a deviation from pre-delirious baseline) two or more of* (:*Where at least one of either decreased amount of activity or speed of actions is present)

1. Decreased amount of activity: Does the patient engage in less activity than is usual or appropriate for the circumstances, e.g. sits still with few spontaneous movements?

2. Decreased speed of actions: Is the patient slow in initiation and performance of movements e.g. walking?

3. Reduced awareness of surroundings: Does the patient show a relative absence of emotional reactivity to the environment, i.e. show a passive attitude to his/her surroundings?

4. Decreased amount of speech: Does the patient have a reduced quantity of speech in relation to the environment, e.g. answers are unforthcoming or restricted to a minimum?

5. Decreased speed of speech: Does the patient speak more slowly than usual, e.g. long pauses and slowing of actual verbal output?

6. Listlessness: Is the patient less reactive to his/her environment, e.g. are responses to activity in surroundings slow or reduced in amount?

7. Reduced alertness/withdrawal: Does the patient appear detached or lacking in awareness of his/her surroundings or their significance?

Mixed motor subtype if evidence of both hyperactive and hypoactive subtype in the previous 24 hours.

No motor subtype if evidence of neither hyperactive or hypoactive subtype in the previous 24 hours.
Results 

General 

121 cases of delirium were identified during the study period but this analysis is restricted to those who were assessed on at least two occasions (n=100). These patients were assessed on a total of 303 occasions with a range of 2-9 assessments per case across the population (see Figure 1). Reasons for discontinuing from the study were: death (55), delirium recovery (30), declined further participation (12), discharged (3). The baseline clinical and demographic characteristics of the 100 cases of delirium are shown in Table 2. Comorbid dementia was present in 27 cases; 10 vascular, 7 Alzheimer’s, 5 alcohol-related, 4 unspecified, and 1 malignant CNS neoplasm. 

Figure 1. Numbers of patients evaluated at each assessment visit over time, occurring biweekly up to 3 weeks

Overall frequency of subtypes 

Of the 303 assessments that occurred across all cases over the course of the study, the frequency of motor subtypes was 35% hypoactive (ie, at 105 assessments), 26% mixed (77), 15% hyperactive (47) and 24% no subtype (74).
Figure 2. Percentage of patients meeting DMSS subtype criteria at each assessment visit.
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The percentage of patients meeting each subtype by assessment visit is shown in Figure 2. This indicates that the distribution of subtypes was relatively stable over time but with a modest decrease in hypoactive subtype frequency. There was no significant difference in the estimated duration of delirium at first assessment across the different subtype. 

Table 2. Baseline clinical and demographic characteristics of the DSM IV delirious population (n=100).

	Variable
	

	Mean age (years)
	70.2 ± 10.5 (range 36-90)

	Male / female (n)
	51 / 49

	Comorbid dementia* (n)
	27

	Prevalent / incident (%)
	65 / 35

	Mean DRS-R98 total score 
	 20.1 ± 7.4

	Mean DRS-R98 severity score
	16.2 ± 5.7

	Mean CTD total score 
	13.8 ± 8.0


*10 vascular, 7 Alzheimer’s, 5 alcohol-related, 4 unspecified, and 1 malignant CNS neoplasm
Table 3 compares DRS-R98 and CTD scores for the four subtype categories. Assessments that were no subtype were significantly less impaired scores for all measures while mixed subtype had significantly greater impairment. More specifically, of the 74 assessments with no subtype, 59 had DRS-R98 scores less than the diagnostic cutoff of 16. Although these patients met DSM IV criteria for delirium, they did not reach full syndromal cutoffs for DRS-R98. The no subtype category included significantly more ratings that were subsyndromal in severity compared with the other subtype categories (71% vs 25%; p<0.001; df =1; Χ2 =42.5). These patterns were evident even when DRS-R98 scores were calculated with the items that score motor agitation and retardation subtracted, indicating that no subtype reflected less severe overall delirium, including motor activity profile, while mixed reflected more severe delirium.

Table 3. Comparison of DRS-R98 and CTD scores according to cross-sectional DMSS subtype assessments (n=303 assessments occurring in 100 patients).
	
	Total DRS-R98 scoreab
	Total DRS-R98 score minus motor itemsbc
	CTD Totalac
	DRS-R98 cognitive subscale scorea
	DRS-R98 non-cognitive subscale scorebd

	No subtype
	14.3 ± 6.6
	13.5 ± 6.1
	18.6 ± 7.7
	5.8 ± 3.7
	5.2 ± 2.3

	Hypoactive
	20.8 ± 6.7
	18.8 ± 6.2
	13.1 ± 7.5
	8.9 ± 3.7
	7.8 ± 3.6

	Mixed
	24.6 ± 6.2
	21.8 ± 5.8
	9.8 ± 7.4
	9.4 ± 3.2
	11.5 ± 3.8

	Hyperactive
	20.1 ± 7.4
	18.6 ± 5.2
	13.7 ± 8.0
	8.7 ± 3.4
	7.5 ± 3.1


aNo subtype vs. other groups at p<0.001

bMixed vs. other groups at p<0.001

cMixed vs hyperactive and hypoactive at p<0.01

dNo subtype vs hypoactive at p<0.01

Subtype classification over delirium episodes 

Table 4 shows the categorization of patients according to motor subtype profile over the course of an episode. Almost two-thirds (62%) of patients exhibited the same motor subtype profile throughout the episode while 38% varied. The most common stable pattern was for hypoactive subtype (29%), followed by mixed subtype (18%) and hyperactive subtype (10%). Only 6% of patients did not meet any subtype criteria at any point in their episode. Of those with variable subtype expression, only four cases became more hypoactive over time (i.e. transitioned from hyper or mixed to hypoactive as delirium became more prolonged). This is reflected in relative stability in the frequency of hypoactive subtype over assessments such that hypoactive subtype accounted for a diminishing percentage of subtypes over time (see Figure 2). The other 34 cases followed a highly variable motor subtype pattern that did not readily fit categorisation. The individual assessments for these variable course patients indicated that 34% were hypoactive, 33% were mixed, 16% were hyperactive and 17% were no subtype. 

Table 4. Clinical profile according to DMSS subtype for each patient’s entire delirium episode.

	
	No subtype Throughout


	Hypoactive subtype throughout
	Mixed subtype throughout
	Hyperactive subtype throughout
	Variable course

	Number of patients
	6
	28
	18
	10
	38

	Age
	75.5 ± 4.6
	71.6 ± 10.8
	68.8 ± 10.4
	66.2 ±10.0
	70.2 ±10.9

	Comorbid dementia
	3/6
	5/28
	4/18
	3/10
	12/38

	Number of assessments
	2.3 ± 0.5
	3.1 ± 1.3
	2.5 ± 0.9
	2.4 ± 0.5
	4.1 ± 2.2

	DRS-R98 severity score*
	10.5 ± 3.7
	15.7 ± 4.8
	20.4 ± 5.4
	12.4 ± 4.7
	16.4 ± 5.6

	CTD total score***
	18.0 ± 4.4
	15.0 ± 5.2
	11.9 ± 8.5
	17.6 ± 6.7
	13.5 ± 5.6

	DRS-R98 non-cognitive subscale**
	3.4 ± 2.1
	7.5 ± 2.6
	11.2 ± 3.1
	6.5 ± 1.9
	8.1 ± 2.7

	DRS-R98 non-cognitive and   non-motor scores****
	3.0 ± 1.0
	5.8 ± 2.4
	8.5 ± 2.5
	5.1 ± 1.4
	6.0 ± 2.2

	DRS-R98 cognitive subscale
	6.9 ± 2.3
	8.0 ± 2.7
	9.1 ± 3.1
	6.7 ± 3.7
	8.4 ± 3.1


* p<0.001; Mixed subtype throughout > all other categories at p<0.01; no subtype < Hypoactive and variable course throughout at p<0.05.

** p<0.001; Mixed subtype throughout > all other categories at p<0.001; no subtype < Hypoactive, mixed and variable course throughout at p<0.001 and < Hyperactive course throughout at p<0.05.

*** p<0.05; mixed subtype throughout < no subtype and hyperactive subtype throughout

**** p<0.001; Mixed subtype throughout > all other categories at p<0.001 and no subtype < rest except hyperactive subtype throughout at p<0.01
The subtype course categories did not significantly differ in relation to age or frequency of comorbid dementia. Patients with a variable subtype profile over the course of their delirium had significantly more delirium assessments (P<0.001) than those from the stable subtype category. The subtype course categories differed significantly in relation to DRS-R98 severity scores (p<0.001) and for the non-cognitive subscale scores (p<0.001) rather than cognitive subscale scores or total CTD scores. For specific category comparisons, patients with mixed subtype throughout the course of delirium scored significantly higher than all other categories for the DRS-R98 severity score and the non-cognitive subscale score, while scores on the DRS-R98 cognitive subscale and total CTD score did not reach statistical significance after correction for multiple comparisons. Differences in non-cognitive subscale scores were still evident when scores for the two motor items were removed (i.e. DRS-R98 non-cognitive and non-motor subscale scores). The no subtype group scored the lowest on the noncognitive subscale and this was still evident when the scores for motor items were extracted. 

Six patients in total did not meet motor subtype criteria during any of the assessments of their delirium. Four of these patients scored one or more on either the agitation or retardation item of the DRS-R98 on at least one occasion during their delirium. The other two patients did not exhibit discernible motor activity disturbances at any point and remained at subsyndromal severity throughout their delirium with mean DRS-R98 severity scores of 7.0 ± 3.0 and 8.5 ± 0.5 respectively. 

Discussion 

Longitudinal studies are crucial to gaining a more complete understanding of delirium phenomenology as it fluctuates over the course of an episode. Such studies are seriously lacking with very limited study of the longitudinal course of motor profile in delirium and no studies of the stability of actual motor subtypes over time. While some work (Marcantonio et al, 2002; Fann et al, 2005) has suggested that motor profile is relatively stable over the course of delirium episodes, we believe this to be the first study to describe motor activity subtypes in detail serially over an episode. Our work, using the first validated motor subtype scale (DMSS), indicates that delirium motor subtypes are relatively stable for the majority of patients, including those with mixed presentations. As such motor profile seems to be an aspect of delirium phenomenology that is likely to relate to some enduring characteristic of the individual patient. Meagher (2009) has suggested a range of factors that may shape motor profile, including etiological factors, medication exposure, and associated delirium phenomenology (e.g. psychosis) [described in chapter 14].  It is interesting that in this report neither age nor comorbid dementia status significantly differed across groups. 
Two extremes of motor activity disturbance in delirium have been recognised since ancient times as lethargus and phrenitis respectively (Lipowski, 1983) but the recognition that a substantial number of patients assessed cross-sectionally meet criteria for both (mixed) or neither (no subtype) raises the question as to what these additional entities represent. Possibilities include that mixed presentations represent a transition state between hypoactive and hyperactive presentations and that no subtype reflects a subsyndromal delirium that is either evolving or resolving condition. Moreover, previous cross-sectional work (Meagher et al, 2000; Leonard et al, 2011)  found similar cognitive profiles for hyperactive and hypoactive subtypes but with significant differences in non-cognitive symptom expression. Our longitudinal work found similar cognitive profiles for different motor subtype categories with significant differences in relation to non-cognitive symptoms, especially for patients with mixed and no motor subtype groups. This highlights the importance of cognitive assessment in identification and monitoring of delirium, regardless of motor activity presentation. Unfortunately, in real world practice, identification and treatment appears more consistent in patients with relatively hyperactive presentations due to the emphasis on high visibility problem behaviours rather than ongoing cognitive functioning (Meagher et al, 1996; Inouye et al, 2001; Breitbart et al, 2002). 

This longitudinal work provides some important insights into the nature of presentations that do not have substantial motor activity disturbances, the so-called “no” subtype. The frequency of no subtype did not vary considerably over time, although it is relevant that this cohort included a significant number of patients with prevalent delirium at hospital admission and in these cases the early evolution of delirium would have already passed. The scores for the DRS-R98 and CTD indicate a significantly lower (subsyndromal) severity of delirium for the majority of assessments. These differences were evident for both cognitive and non-cognitive subscales on the DRS-R98 and also identified when the comparison was made for DRS-R98 scores with the motor activity items subtracted, indicating that these differences were related to the severity of delirium phenomenology in general rather than just motor activity disturbance. As such, the no subtype seems to reflect delirium of diminished overall phenomenological intensity.

The reported frequency of no subtype in cross-sectional studies varies from 0-31% (Meagher, 2009). Previous cross-sectional work using the DMSS has indicated frequencies of no subtype of 16% (Meagher et al, 2008b) and 22% (Meagher et al, 2008a). This work indicates a much higher rate (94%) for detecting a subtype when evaluated over the course of an episode. Even for the six patients who were categorised as no subtype throughout their episode, the DRS-R98 motor activity items detected some disturbed motor activity at some point in all but two patients, both of whom had delirium of subsyndromal severity. These findings indicate that motor disturbances are almost invariable over the course of an episode and especially where delirium reaches full-syndromal severity as measured on the DRS-R98. This supports the notion that motor disturbances are not only core features of delirium but may also be useful markers for delirium detection and warrant greater recognition within classification systems such as the ICD-11 and DSM-V (Meagher et al, 2008c).

The status of mixed motor subtype has been uncertain – the category was added to the original hypoactive vs hyperactive dichotomy in recognition that a significant percentage of patients exhibit features of both hypoactive and hyperactive delirium within short time frames (Lipowski, 1989). Many subsequent studies have overlooked this category (Meagher, 2009) and only reported the frequency of hypoactive and hyperactive subtypes. This work indicates that mixed subtype is not only common, comprising over one fourth of all assessments using a subtyping method that applies relatively strict criteria, but also that many patients expressed mixed profile throughout the course of their delirium. Importantly, of the 28 patients that were noted to be mixed subtype at first assessment, almost two-thirds (64%) remained mixed in motor activity profile throughout their delirium. Moreover, the mixed category was associated with more severe overall delirium, in relation to both cognitive and non-cognitive disturbances, including those besides motor activity. Previous cross-sectional work (Meagher et al, 2008b) has identified more severe delirium in mixed subtype defined according to this subtyping method. These findings support the position of mixed motor subtype as a distinct category rather than a mere transitional phase between hyper and hypoactivity. That these assessments related to motor activity profile over a sustained period of 3-4 days per assessment also suggests that mixed motor subtype is not just a manifestation of the inherent tendency for symptom fluctuation in delirium.

Finally, this work further validates the Delirium Motor Symptom Scale (DMSS) by demonstrating its utility over serial assessment as well as its capacity to identify patient subgroups who share core cognitive features of delirium but have differing noncognitive phenomenological profiles. The relevance of motor subtypes to delirium pathophysiology, phenomenology, treatment and prognosis could benefit from more widespread use of the DMSS in studies of clinical subtypes of delirium.
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Abstract

Purpose: Motor subtypes have promise as a means of identifying clinically relevant patient subgroups but little is known about the relationship of subtypes to etiologies, medication exposure, and ultimate prognosis as the pattern of motor expression evolves   during delirium episodes.

Methods : Consecutive cases of DSM-IV delirium in a palliative care setting were assessed biweekly throughout their delirium episode using the Delirium Motor Subtype Scale (DMSS), Delirium Etiology Checklist (DEC), Cognitive Test for Delirium (CTD) and Delirium Rating Scale Revised-98 (DRS-R98).  

Results : One hundred patients [mean age 70.2 ± 10.5; 51 male] were assessed on a total of 303 occasions [range 2-9]. Mean total DRS-R98 severity score was 16.2 ± 5.7 and mean CTD score 14.3 ± 6.3. The mean number of identified etiologies per case was 3.4 ± 1.2. A single etiology for delirium was identified in only 2 cases. Four stable motor subtype patterns identified with the DMSS were; no subtype (6%), hypoactive subtype (28%), mixed subtype (18%), hyperactive subtype (10%) and variable subtype (38%). Few relationships between motor activity profile and etiology were noted. Cross-sectional assessments indicated greater use of benzodiazepine and antipsychotics in patients with hyperactivity but serial analyses did not identify major associations between motor subtype and medication exposure. Patients with sustained hypoactive subtype were more likely to die within one month of their first assessment.

Conclusions : Motor profile in delirium is relatively consistent over episode course for many patients and relates more closely to delirium phenomenology than etiology or medication exposure. Motor subtypes have comparable cognitive impairment and presence of key diagnostic features. There is a disparity between delirium severity and prognosis where mixed subtype is most severely delirious while hypoactives have the poorest prognosis. 

Introduction
There has been interest for many years in motor subtyping of delirium, to identify differences in detection, etiology, phenomenology, management and prognosis. The existing literature is inconsistent, in part due to differing subtype definitions and different patient populations.  Moreover, longitudinal studies using validated instruments are rare. In particular, it remains unclear to what extent motor subtypes are influenced by other delirium symptoms or reflect the impact of different etiological factors and medication exposure (Meagher, 2009). 

Cross-sectional work suggests that different motor subtypes of delirium may have different etiologies (Ross et al, 1991; Meagher et al, 1998; Gupta et al, 2005), non-motor phenomenology (Sandberg et al, 1999; Meagher et al, 2000; Gupta et al, 2005), treatment exposures (Meagher et al, 1996; Breitbart et al, 2002), episode duration and outcome (Liptzin et al, 1992; Kobayashi et al, 1992; O’Keefe et al, 1999; Marcantonio et al, 2002; Kiely et al, 2007; Yang et al, 2009).  However, cross-sectional study designs are limited when studying this condition because delirium is a dynamic condition, often with many etiologies, which can overlap over time and therefore possibly differentially influence motor presentation. 

We describe 100 consecutive cases of delirium occurring in a palliative care setting assessed longitudinally and analyzed the relationship between motor subtypes and delirium phenomenology, etiological underpinnings, and medication exposure throughout the course of their delirium episode using validated instruments. A companion report (Meagher et al, submitted) describes the frequency and course of motor subtypes during episodes.

Methods

Subjects and Design

The methods used for the identification of delirious patients and general study design have been previously described (see chapter 13). Patients in a palliative care unit were assessed for altered mental state on daily rounds by the medical team and referred for DSM-IV diagnosis by the research team.  Assessments were conducted by trained, experienced raters in the use of the Revised Delirium Rating Scale (DRS-R98) (Trzepacz et al, 2001) and Cognitive Test for Delirium (CTD) (Hart et al, 1996)(ML or DM) and to further enhance interrater reliability, complex cases were rated by consensus between both raters. 

Dementia was defined as the presence of persistent cognitive impairment for at least 6 months prior to the assessment and per DSM-IV criteria based on all available information at the time of assessment including clinical case notes and collateral history from family and / or carers. 

Each case was then assessed biweekly for phenomenological profile, medication exposure and etiological attribution. Delirium symptoms were assessed by first completing the DRS-R98 followed by administration of the CTD. The DRS-R98 rated the preceding 72 hour period whereas the CTD measured cognition at the time of its administration.  CTD responses were not used to rate DRS-R98 items.  Both the DRS-R98 and the CTD are well validated instruments, highly structured and anchored for rating and scoring. All available information from medical records and where possible, collateral history, was used. Nursing staff were interviewed to assist rating of symptoms over the previous 72 hours.  

Informed Consent  

The procedures and rationale for the study were explained to all patients but because patients had cognitive impairment at entry into the study it was presumed that most were not capable of giving informed written consent. Ethics committee approval was given to augment patient assent with proxy consent from next of kin (where possible) or a responsible caregiver for all participants in accordance with the Helsinki Guidelines for Medical research involving human subjects (World Medical Association, 2004). 

Procedures

Motor profile in delirium was assessed according The Delirium Motor Subtype Scale (DMSS) (Meagher et al, 2008a) - a scale that uses 11 motor items derived from items used in previous motor subtyping methods but with relative specificity for delirium. Subtypes so defined were subsequently reported to highly correlate with objectively measured alterations in motor activity levels   The checklist identifies clinical subtypes that have demonstrated concurrent validity with electronic motion analysis (Godfrey et al, 2010) and predictive ability regarding prognosis (Meagher et al, 2008c) 

Attribution of etiology based on all available clinical information was made by the palliative care physician according to a standardised Delirium Etiology Checklist [DEC](Trzepacz and Meagher, 2007) with 12 categories: drug intoxication, drug withdrawal, metabolic/endocrine disturbance, traumatic brain injury, seizures, infection (intracranial), infection (systemic), neoplasm (intracranial), neoplasm (systemic), cerebrovascular, organ insufficiency, other CNS, and other systemic.  The presence and suspected role for multiple potential causes was documented for each case of delirium which were rated on a five-point scale for degree of attribution to the delirium episode, ranging from ruled out/not present/not relevant (0) to definite cause (4).  

The Ease of Ward Management (EOWM) (Meagher et al, 2007) is a four point checklist that allows nursing staff to rate the ease with which patients can be nursed on the unit, as follows; 

1. The patient’s behaviour poses little or no difficulty, they are co-operative with treatment and require only routine observation.

2. Some problems exist with the patients behaviour but they are generally compliant with treatment and manageable with observation or minimal sedation (e.g. once off low-dose medication).

3. Significant problems in managing the patients behaviour, necessitating more than minimal medication or special measures (e.g. close observation).

4. The patients behaviour poses a major problem (e.g. is a significant risk to self or others) requiring sedation and or restraints and or special nursing care.

Medication data

All medication prescribed for the patient was documented at each assessment   throughout the longitudinal study, including regular and as required doses. The use of psychotropic agents was a specific focus, especially the use of antipsychotic, opioid, benzodiazepine, or psychostimulant and corticosteroids. All of these are commonly used in palliative care populations with delirium. Dose equivalents over the previous 24 hours were calculated for each of these agent classes according to accepted conversion rates (i.e. antipsychotics in chlorpromazine equivalents; opioids in morphine eqiuivalents; benzodiazepines in diazepam equivalents; steroids in prednisolone equivalents)(Pereira et al, 2001; Centorrino et al, 2002; British National Formulary, 2007). 

Statistical Analyses

Statistical analysis was conducted using the SPSS-14.0 package. Demographic and clinical data are expressed as means with standard deviation. Continuous variables (e.g. age, total DRS-R98 and CTD scores) were compared by one way ANOVA. Non-normal data (e.g. DRS-R98 and CTD item scores, number of etiologies, psychotropic dose equivalents, EOWM scores) were compared for motor subtype course categories with Kruskal-Wallis tests with Mann-Whitney U tests for between group comparison. Chi-square tests were used to compare frequency of psychosis in subtype categories. Spearman’s correlation coefficient was calculated for the association between number of etiologies and delirium duration as well as for psychotropic dose equivalents and scores on DRS-R98 items for motor agitation and retardation. A Bonferroni correction level of p<0.005 was applied for the DRS-R98 item and psychotropic dose equivalent comparisons. 

The Generalized Estimating Equations (GEE) method was used to explore the relationship over time between the occurrence of individual motor subtypes (no subtype vs any subtype; hypoactive subtype vs the other 3 subtype categories, hyperactive vs the other three categories, mixed subtype vs the other three categories) and DRS-R98 items scores, etiological causes rated on the DEC, medication exposure to opioids, benzodiazepines, antipsychotics and corticosteroids in dose equivalents, dementia status, gender and age.  For the model each outcome was binary (e.g. no motor disturbances vs any motor disturbance; hypoactive subtype vs any other subtype etc) the binominal family was assumed and the logit link used.  The correlation between the assessments was controlled by employing the exchangeable “working” correlation.  

The GEE methods takes into account that observations within a subject are dependent and estimates population averaged estimates (coefficients) while accounting for the dependency between repeated measurements. The GEE parameters represent the average difference between the subjects within the population studied. Relationships between the longitudinal development of the dependent variable (e.g. hypoactive subtype vs other subtypes) and predictor variables are analysed simultaneously.
Results

One hundred patients were assessed on a total of 303 occasions with a range of 2-9 assessments across the population.  Table 1 shows clinical and demographic information for the complete cohort and highlights the multifactorial nature of delirium (with a median of 3 causes per case) and also the considerable medication exposure with an average of 10 medications per case per assessment. Little's MCAR test indicated no systematic pattern of missing values.

Five patterns of motor subtype expression were noted over the course of delirium: four of these were stable within patient throughout the episode - no subtype (6%), hypoactive subtype (28%), mixed subtype (18%), and hyperactive subtype (10%) vs. a variable course group (38%). 

Table 1. Demographics, clinical profile and medication exposure in 100 patients with DSM-IV delirium.

	Variable
	Mean + SD 

(except where indicated)



	Age
	70.2 ± 10.5 (range 36-90)

	Male (%)
	51 

	Comorbid dementia (%)
	27

	Number of identified etiologies per case
	3.4 ± 1.2 (range 1-7)

	DRS-R98 Severity Score over course of the episode
	 16.2 ± 5.7

	Mean Total CTD Score over the course of the episode
	14.3 ± 6.3

	Mean total number of medications received over course of the episode (range)
	10.3 ± 3.2 (2-20)

	Mean total number of psychotropic medications  received over course of episode (range)
	3.3 ± 1.3 (0-9)

	Received antipsychotics (%)
	76

	Received opioids (%)
	87

	 Received benzodiazepines (%)
	72

	 Received  corticosteroids (%)
	54

	Received  psychostimulants (%) 
	1

	Terminal vs Reversible (%)
	63 / 37

	Survival of 30 days or more after first assessment (%)
	52

	Days from first assessment to death (range)
	45 ± 54 (2 – 320)


DRS-R98 symptoms and motor course

Figure 1 and Table 2 show the mean scores for individual DRS-R98 items for the five motor subtype patterns over the course of their delirium. The DRS-R98 Severity score was significantly lower for the ‘no subtype’ group compared to the four subtype groups and was in subsyndromal DRS-R98 severity range. In contrast, the mixed group was significantly higher than all other groups.  As expected, the patterns for the two DRS-R98 motor items (#7 and 8) differed across the subtypes such that the no subtype group had low severities for both, the hyperactive had low severity for motor retardation, the hypoactive had low severity on motor agitation, and the mixed and variable groups were high on both item severities.  The five groups differed significantly in overall delirium severity and in the specific symptoms of sleep-wake cycle disturbance, perceptual abnormalities, language difficulties, and motor activity. The patterns were not distinguished by severity of any cognitive item and core diagnostic features such as acuity of onset, symptom fluctuation and presence of physical etiology. Further, the four motor subtype groups did not differ significantly on the three core domains of delirium – attention, sleep-wake cycle disturbance and thought process abnormality.

Figure 1. Mean DRS-R98 scores over the course of episodes for subtype categories.

Table 2. DRS-R98 item severities (mean ( SD) over the course of delirium episodes for the five groups. 

	DRS-R98 Item
	No subtype throughout

(n=6)
	Hypoactive subtype throughout

(n=28)
	Mixed subtype throughout

(n=18)
	Hyperactive subtype throughout

(n=10)
	Variable course (n=38)

	1. Sleep-wake cycle 

disturbancea 
	0.6 ( 0.4
	1.6 ( 0.5
	2.1 ( 0.4
	1.4 ( 0.3
	1.6 ( 0.4

	2. Perceptual disturbances 

and hallucinationsb  
	0.0 ( 0.0
	0.7 ( 0.8
	1.3 ( 0.9
	0.8 ( 0.7
	0.9 ( 0.7

	3. Delusions
	0.0 ( 0.0
	0.4 ( 0.5
	1.0 ( 0.9
	0.3 ( 0.7
	0.4 ( 0.5

	4. Lability of affect 
	0.2 ( 0.7
	0.8 ( 0.6
	1.0 ( 0.7
	0.7 ( 0.7
	0.7 ( 0.5

	5. Languagec 
	0.7 ( 0.8
	1.0 ( 0.7
	1.5 ( 0.7
	0.5 ( 0.7
	1.1 ( 0.6

	6. Thought process 

abnormalities 
	1.4 ( 0.9
	1.4 ( 0.7
	1.6 ( 0.9
	1.2 ( 0.9
	1.4 ( 0.8

	7. Motor agitationd 
	0.1 ± 0.1
	0.4 ± 0.5
	1.6 ± 0.5
	0.9 ± 0.6
	0.9 ± 0.6

	8. Motor retardatione 
	0.3 ± 0.4
	1.3 ± 0.5
	1.0 ± 0.6
	0.4 ± 05
	1.2 ± 0.6

	9. Orientation
	0.6 ( 0.5
	1.2 ( 0.7
	1.3 ( 0.7
	0.8 ( 0.6
	1.2 ( 0.7 

	10. Attention
	2.0 ( 0.7
	2.0 ( 0.6
	2.2 ( 0.7
	1.3 ( 0.9
	1.9 ( 0.7

	11. Short-term memory
	1.6 ( 0.7
	1.6 ( 0.7
	1.8 ( 1.0
	1.5 ( 1.0
	1.5 ( 0.9

	12. Long-term memory
	1.0 ( 1.0
	1.1 ( 0.6
	1.6 ( 0.9
	0.8 ( 0.6
	1.4 ( 0.6

	13. Visuospatial ability
	1.6 ( 1.0
	1.8 ( 0.8
	2.3 ( 0.9
	1.5 ( 1.0
	1.9 ( 0.8

	14. Temporal onset of symptoms
	1.6 ± 0.8
	1.9 ± 0.8
	1.7 ± 0.7
	1.9 ± 07
	 1.7 ± 0.7

	15. Fluctuation in symptom severity
	0.6 ± 0.5
	0.9 ± 0.4
	1.2 ± 0.5
	1.0 ± 0.5
	0.9 ± 0.3

	16. Physical disorder 
	1.5 ± 0.5
	1.6 ± 05
	1.7 ± 0.5
	1.6 ± 0.5
	1.6 ± 0.5

	DRS-R98 Severity Scoref
	10.5 ± 3.7
	15.7 ± 4.8
	20.4 ± 5.4
	12.4 ± 4.7
	16.4 ± 5.6

	DRS-R98 Total Scoreg
	14.2 ± 3.1
	20.1 ± 4.4
	25.0 ± 5.1
	16.9 ± 4.8
	20.6 ± 7.4 


a Across groups differ at p<0.001;  No subtype < other groups at p<0.001.

 b Across groups differ at p<0.01;  Mixed > no subtype or variable p<0.001. 

c Across groups differ at p<0.01;  Mixed> Hyper at p<0.01. 

d  Across groups differ at p<0.001; No and Hypo < Hyper at p<0.01; Mixed > no subtype or variable p<0.001; Mixed> Hyper at p<0.01.

e Across groups differ at p<0.001; Mixed> Hyper at p<0.01; Hypo> Hyper at p<0.001

f Across groups differ at p<0.001; Mixed subtype > all other groups at p<0.01
g Across groups differ at p<0.001; Mixed > Variable at p=0.01; Mixed > No subtype, hypoactive subtype and hyperactive subtype at p=0.001.

Relationship between motor profile and psychosis 

We explored the frequency of psychosis (defined as a score of 2 or more on any of item 2 (Hallucinations), item 3 (delusions) or item 6 (thought process abnormalities) of the DRS-R98) and found that psychotic symptoms were most common in patients with a mixed profile throughout their delirium and that this was significantly greater than for the other subtype patterns considered together (77% vs 46%; χ2 = 5.6; d.f. = 1; p=0.01). Those patients with psychosis at first assessment (n=52) were more likely to be in receipt of antipsychotic medication than those who did not (58% vs 37%; χ2 = 4.1; df=1; p=0.03). 

Relationship between motor symptom and subtype profile and etiology

The frequency of different etiological causes is shown in Figure 2.  with DEC scores of 3 or more (‘probable’ causes) and DEC scores of 2 (‘possible’ causes). Systemic infection, metabolic disturbances and drug intoxication were the most commonly documented.  

Figure 2. Frequency of etiological categories as possible and probable causes rated on the DEC over the course of a delirium episode for patients (n=100)
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Figure 3. Depicts the relationship between motor subtype and etiology which did not show clear associations except that all 62 cases with significant metabolic disturbances as a cause met motor subtype criteria at some point during their delirium (i.e. none from ‘no subtype throughout’ category)

Figure 3. Relationship between etiological categories and subtype patterns over the course of a delirium episode for patients (n=100).
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Only 2 patients had a single etiology rated as a probable cause for delirium during the course of their delirium episode, with two identified causes in 19 patients, 3 in 42 patients, 4 causes in 20 patients and 5 or more in 17 cases. 

Patients with a variable subtype profile over the course of their delirium had significantly more delirium assessments (P<0.001) and greater median number of etiological causes over the course of their delirium (3.7 ±1.2 vs 3.1 ± 0.9; p<0.01) than those from the stable subtype category. The number of identified etiological causes correlated significantly with the duration of delirium (r=0.42; p<0.001).

The relationship between motor symptom profile and motor subtypes  with medication exposure

We explored the relationship between medication exposure and motor activity profile in four ways; 

Firstly, calculating the correlation co-efficients showing the relationship between DRS-R98 items 7 and 8 with number of psychotropics received by each patient and the dose equivalents for opioids, benzodiazepines, antipsychotics and corticosteroids. As only one patient received psychostimulant therapy we did not include analyses for stimulant agents. There were no significant relationships between item 8 (motor retardation) and either medication number or dose equivalents at any time point. In contrast, motor agitation correlated with chlorpromazine equivalents at first assessment (r=0.36; p<0.01; chlorpromazine equivalents (r=0.23; p=0.02) and total number of psychotropic agents received (r=0.32; p=0.001) at second assessment; chlorpromazine equivalents (r=36; p=0.005), diazepam equivalents (r=0.33;p=0.013) and total number of psychotropics received (r=0.36; p<0.01) at third assessment; number of psychotropic agents received (r=0.73 p = 0.001) and diazepam equivalents (r=0.68; p=0.005) at fifth assessment. Exposure to opioids and corticosteroids was not closely associated with motor profile at any assessment point. 

Secondly, we compared the use of psychotropics according to motor subtype course (see table 3.). This indicates that patients with mixed motor activity profiles received greater overall exposure to antipsychotics as evidenced by significantly higher mean dose in chlorpromazine equivalents over the course of episodes.

Table 3. Medication use over the course of delirium episodes according to motor subtype patterns (means ± sd).

	
	No subtype throughout
	Hypoactive subtype throughout
	Mixed

Subtype throughout
	Hyperactive

Subtype throughout
	Variable course

	Number of medications


	10.6 ± 2.2
	9.9 ± 3.1
	10.6 ± 4.3
	9.2 ± 2.9
	10.7 ± 3.0

	Number of psychotropic agents
	2.9 ± 1.8
	3.2 ± 1.1
	3.5 ± 1.2
	3.2 ± 1.0
	3.5 ± 1.4

	Mean diazepam equivalents


	3.9 ± 5.7
	4.4 ± 6.8
	5.2 ± 5.6
	7.3 ± 6.8
	6.5 ± 8.6

	Mean morphine equivalents


	64.5 ± 77.0
	88.1 ± 97.2
	106.7 ± 113.9
	170.9 ± 343.5
	115.4 ± 177.6

	Mean chlorpromazine equivalentsa
	45.8 ± 81.2
	26.9 ± 52.7
	183.1± 256.5
	47.5 ± 116.9
	62.5 ± 111.7

	Mean prednisolone equivalents
	14.0 ± 15.5
	15.3 ± 17.2
	12.4 ± 16.0
	8.8 ± 18.1
	14.3 ± 18.1


aAcross groups differ at p=0.005; Mixed > Hypoactive at p=0.001; Mixed > variable at p<0.01; Mixed > No subtype at p=0.01. 

Thirdly, out of concern that associations identified by the first two methods cannot distinguish cause and effect, we explored the pattern of transitions between subtypes. In total there were 102 transitions between motor subtypes with transitions between hypoactive and no subtype (27) and hypoactive and mixed subtype (30) the most commonly noted.  These data indicate a high frequency of medication changes (only 14 transitions were not in the context of some psychotropic medication change) but there were few identifiable patterns apart from a tendency for increased benzodiazepine use in patients becoming hypoactive in subtype profile (15/35: 42% of transitions into hypoactive subtype were preceded by increased benzodiazepine dose).
Fourthly, we explored the occurrence of individual motor subtype profiles (rather than subtype patterns over the course of patient episodes) using General Estimating Equation (GEE) modelling to explore the relationship between motor subtype attribution over time and possible explanatory variables of phenomenological profile (DRS-R98 and CTD items), etiology (DEC category scores), medication exposure (dose equivalents for opioids, benzodiazepines, antipsychotics and corticosteroids), history of prior cognitive impairment  and the demographic variables age and gender. For each model the dependent variable was binomial (e.g. hypoactive subtype vs any other subtype). The co-efficient represents the change in the dependent variable that is associated with a one unit change in the predictor variable. The sign indicates the direction of this change such that in table 1, no subtype is associated with lower scores on all 5 predictor variables. The final most parsimonious models are presented in table 4.

Patients experiencing no subtype were less likely to have a metabolic disorder, agitation, retardation, lability of affect and inattention compared with all other subtypes. When the hypoactive subtype was used as a reference category, those with hypoactive delirium were less agitated and more retarded. Those with hyperactive subtype were more agitated, more likely to have a cerebrovascular etiology, receiving greater doses of corticosteroids while less likely to experience delusions, and less likely to have metabolic disturbances. Those with mixed subtype were more likely to have both motor agitation and retardation, and more likely to experience delusions.

Overall, the GEE model did not reveal major associations between motor subtype and medication exposure. Moreover, motor subtypes were relatively independent of etiologies (apart from cerebrovascular causes were more often associated with hypoactive, mixed or no motor subtypes while metabolic disorder was associated with hyperactive subtype of delirium).  

 Table 4. Four GEE models exploring the expression of motor subtype classification over the course of delirium

	No subtype vs Other three subtype categories 

	Parameter
	Coefficient
	S.E
	95% C.I.
	Wald x2
	df
	p

	Intercept
	2.3
	0.3
	1.6 to 3.0
	41.286
	1
	<.0001

	DRS-R98 Agitation
	-1.4
	0.3
	-2.1 to -0.8
	20.481
	1
	<.0001

	DRS-R98 Retardation
	-1.1
	0.2
	-1.7 to -0.6
	19.881
	1
	<.0001

	DRS-R98 Affective lability
	-0.8
	0.2
	-1.4 to -0.3
	10.184
	1
	.001

	Metabolic disturbance
	-0.4
	0.1
	-0.7 to -0.1
	8.436
	1
	.004

	DRS-R98 Attention 
	-0.3
	0.1
	-0.6 to -0.1
	5.393
	1
	.020

	Hypoactive subtype vs Other three categories 

	Parameter
	Coefficient
	S.E
	95% C.I.
	Wald x2
	df
	p

	Intercept
	1.1
	0.2
	0.6 to1.6
	19.4
	1
	<.0001

	DRS-R98 Agitation
	0.9
	0.2
	0.6 to 1.2
	25.6
	1
	<.0001

	DRS-R98 Retardation
	-1.0
	0.2
	-1.4 to -0.7
	32.3
	1
	<.0001

	Hyperactive subtype vs Other three categories 

	Parameter
	Coefficient
	S.E.
	95% C.I.
	Wald x2
	df
	p

	DRS-R98 Delusions
	0.5
	0.2
	0.1 to 0.9
	6.0
	1
	.014

	DRS-R98 Retardation
	1.6
	0.3
	0.9 to 2.3
	22.4
	1
	<.0001

	DRS-R98 Agitation
	-1.3
	0.2
	-1.7 to-0.8
	31.7
	1
	<.0001

	Prednisolone dose
	0.03
	0.01
	0.02 to 0.5
	4.5
	1
	.035

	Metabolic disturbance
	-0.4
	0.1
	-0.7 to -0.1
	6.5
	1
	.011

	CVA
	0.9
	0.3
	0.4 to 1.4
	11.9
	1
	.001

	age
	.028
	.0078
	.01 to 0.4
	12.9
	1
	<.0001

	Mixed subtype vs Other three categories

	Parameter
	Coefficient
	S.E
	95% C.I.
	Wald x2
	df
	p

	Intercept
	3.3
	0.3
	2.6 to 3.9
	88.391
	1
	<.0001

	DRS-R98 Delusions
	-0.5
	0.2
	-0.8 to -0.1
	7.836
	1
	.005

	DRS-R98 Retardation
	-0.5
	0.2
	-0.8 to -0.2
	11.416
	1
	.001

	DRS-R98 Agitation
	-1.2
	0.2
	-1.5 to -0.8
	44.127
	1
	<.0001


Motor subtype course and ward management experiences

EOWM scores differed significantly according to subtype course (p<0.001) with mixed subtype throughout (2.8 ± 0.6) significantly greater than no subtype (1.4 ± 0.4)(p<0.001), hypoactive subtype throughout (1.8 ± 0.5) (p<0.001) and variable course (2.1 ± 0.7)(p=0.01) but not significantly greater than hyperactive subtype throughout (1.8 ± 0.8).

The prognostic significance of motor subtypes

Table 5. depicts the outcomes according to motor subtype pattern, including reasons for termination of assessments, delirium reversibility and survival times. Twelve patients exited the study because of unwillingness to continue while 3 patients were discharged from the service. Of the remaining cases, 30 recovered from delirium while 55 were followed until death. Patients with hypoactive subtype throughout were more likely to die within one month of first assessment than those with other subtype courses (Χ2 = 3.9; df = 1; p=0.03).

Table 5. Outcome of motor subtype categories.

	
	No subtype throughout

(n=6)
	Hypoactive subtype throughout

(n=28)
	Mixed subtype throughout

(n=18)
	Hyperactive subtype throughout

(n=10)
	Variable course (n=38)

	Time from first 

assessment to death (days)
	46 ( 41 
	39 ( 48 
	38 ( 29 
	40 ( 29 
	54 ( 71 

	Reversible
	4 (66%)
	9 (32%)
	7 (39%)
	5 (50%)
	12 (32%)

	Survival of one month or more
	 4 (66%) 
	10 (36%)
	10 (55%)
	7 (70%)
	20 (53%)

	Reason for exit from study*



	Recovered
	3
	7
	3
	4
	13

	Discharged 
	2
	1
	0
	0
	0

	Declined
	0
	3
	5
	4
	0

	Death
	1
	17
	10
	2
	25


*note all groups differ at p<0.001

Discussion 

Delirium is a complex neuropsychiatric syndrome where fluctuating course is a key characteristic in both DSM and ICD diagnostic systems (American Psychiatric Association, 1994, World Health Organisation, 1993). This inherent changeability means that the phenomenological profile of delirium is best captured through longitudinal studies that assess symptoms over a sustained period of illness. We believe this to be the first study to describe motor subtypes serially over the course of a delirium episode. Our findings concur with previous work that focused on motor profile (rather than actual subtypes) by indicating that subtype profile is stable for many patients and may thus reflect a sustained patient or clinical characteristic;  Marcantonio and colleagues (2003) studied delirium symptom persistence over a week in elderly patients admitted to post-acute facilities and found that both lethargy and restlessness remained stable in most (95%) patients. Fann and coworkers (2005) studied motor symptom profile in patients post stem cell transplantation and found that psychomotor disturbance was consistently hypoactive (in 86%) during an episode of delirium. 

Motor subtype patterns differed significantly in relation to overall severity of delirium symptoms as measured on the DRS-R98. Not surprisingly,this difference was accounted for in part by motor activity profile but there were also significant differences in the expression of psychotic symptoms and other non-cognitive symptoms such as sleep-wake cycle disturbances. In contrast, other cognitive and core diagnostic features were more consistent across clinical subtypes. Therefore, this work using detailed assessment of a range of cognitive domains, concurs with previous cross-sectional studies in elderly medical and consultation-liaison populations that have found similar cognitive and EEG profiles across motor subtypes of delirium (Koponen et al, 1989; Ross et al, 1991; Meagher et al, 2000; De Rooij et al, 2006). Overall, phenomenological studies suggest that cognitive and contextual items are common to all deliria while different clinical subtypes can be distinguished according to non-cognitive features 

Delirium is considered a unitary syndrome such that a wide range of potential causes result in a common constellation of neuropsychiatric symptoms. The extent to which individual etiologies can impact upon phenomenological profile remains uncertain. Our work emphasizes the multifactorial nature of delirium. Previous cross-sectional work has indicated that where a multifactorial approach to etiological attribution is applied, between two and six possible causes are typically identified (Francis et al. 1990; Meagher et al. 1996; O’Keeffe 1999; Trzepacz et al. 1985), with a single etiology identified in 50% or less of cases (Camus et al. 2000; O’Keeffe 1999; Olofsson et al. 1996; Morita et al, 2001; Ramirez-Bermuda et al, 2006). In this longitudinal work, using a sensitive measure of etiological attribution, we found a median of three significant etiologies per case with single etiology delirium in only two cases. 

Previous work exploring the relationship between etiology and motor subtype has been limited by relatively small numbers, cross-sectional assessment of etiological attribution and motor subtype profile, and limited account of the confounding influence of factors such as medication exposure, age, and comorbid dementia status. These studies suggest that delirium occurring in the context of organ failure or metabolic disturbance tends to be relatively hypoactive in profile while delirium due to substance intoxication or withdrawal tends to be more hyperactive (Meagher et al, 2008; Morita et al, 2001; Gupta et al, 2005). In contrast, Sagawa and colleagues (2009) were unable to find any association between etiology and motor subtype assessed cross-sectionally in 100 cancer patients. Similarly, we did not find major associations between motor subtype categorisation and etiology despite use of a sensitive method (DEC) which allows for weighting of likely delirium causation along a 5 point scale and analysis with GEE that allows for assessment of the relationship as etiological attribution and motor profile changes over time. Delirium which followed a more variable course involved a greater number of underlying etiologies suggesting that the occurrence of differing motor behaviour may reflect a more complex etiological burden. Moreover, the number of etiological causes correlated positively with delirium duration. It remains possible that the multifactorial nature of delirium may have obscured any distinctions and the range of potential etiologies may be such that much larger studies may be needed to clarify such relationships.

We noted greater use of medications, especially antipsychotics, in patients with relatively hyperactive presentation. Medication patterns in this naturalistic study were more suggestive of medication changes following altered symptom profile rather than medication effects causing altered motor profile. This is based on a number of observations; the increased use of medications in hyperactive and mixed subtype of delirium is related to a number of factors – firstly, there is a widespread belief that a principal mechanism of action for neuroleptic agents is by virtue of sedative or antipsychotic action rather than a specific neurochemical anti-delirium effect (Meagher, 2010). Secondly, the use of pharmacotherapy in real-world practice occurs principally as a response to behavioural management problems rather than to alleviate core cognitive disturbances of delirium (Meagher et al, 1996) as advocated in many treatment guidelines that recommend use be reserved as a last resort for patients with behavioural problems (British Geriatrics Society, 2006). This is reflected in greater use of antipsychotics in patients with hyperactive profiles (O’Keeffe and Lavan, 1999; Lam et al, 2003). 

There were no significant relationships between medication exposure and hypoactivity (measured on the DRS-R98 item 8) at any time during the assessments. The relationships with antipsychotics and benzodiazepines seemed to reflect a response to emerging delirium motor activity profile. While both agent classes have predominant sedative effects, the occurrence of akathisia and paradoxical disinhibition might account for relative hyperactivity when exposed to these agents. However, the relatively low frequency of reported extrapyramidal side effects with antipsychotic use in delirium (Meagher and Leonard, 2008) would suggest that akathisia is unlikely to be an explanantion for hyperactivity in patients receiving antipsychotics. Moreover, the longitudinal analyses did not indicate significant relationships when a wide range of variables (including psychotropic medications) and changing motor activity profile were assessed. 

Comparisons of mean DRS-R98 items scores and GEE models revealed that motor subtypes did not differ in relation to contextual items (acuity of onset, symptom fluctuation, presence of a physical etiology) or cognitive impairment emphasizing the core nature of these disturbances. Although the nature of the cohort (i.e. identified with the CAM and with DSM-IV criteria) mandates that all patients included in this study should have evidence of the mandatory diagnostic items of delirium (generalised disturbance of cognition of acute onset with a fluctuating course and evidence of physical illness), it is notable that these features are of similar severity and our assessments included many cognitive domains that are not specified as mandatory diagnostic criteria in DSM-IV.

Previous cross-sectional studies have identified affective lability, sleep-wake cycle disturbances and psychotic symptoms as elements of delirium that are distinguishing for subtypes (Ross et al, 1991; Meagher et al, 2000; De Rooij et al, 2006). In contrast, Breitbart and coworkers (2002) found a high frequency of psychotic symptoms in both hyperactive and hypoactive presentations but did not include a mixed subtype category. Our work also indicates similar frequency of psychosis in hypo and hyperactive subtypes that is higher than in patients with no subtype but lower than in mixed presentations. This work suggests that psychosis relates to overall motor activity disruption – both hypoactive and hyperactive in character perhaps due to the interaction of individual patient factors with a shared pathophysiological process. These studies indicate that motor subtypes differ in relation to non-cognitive symptoms and in particular those that reflect disturbances of circadian rhythms such as sleep-wake cycle and motor activity profile. Balan and coworkers (2003) found differences in subtypes regarding melatonergic metabolism (measured with urinary 6-SMT) but did not include mixed motor subtype as a category.  Overall, this work supports the proposal for the DSM-V description of delirium which includes greater recognition of non-cognitive neuropsychiatric symptoms (but not as primary diagnostic criteria) and advocates for clinical subtyping according to motor activity profile (Jeste, 2009), although the precise definition of such subtypes is less clear.

Hypoactive subtype pattern was associated with a poorer prognosis by virtue of shorter survival time compared to patients with other subtype courses. This concurs with previous cross-sectional work using the DMSS (Meagher et al, 2008) where hypoactive subtype was less reversible. The majority of other previous work has indicated poorer prognosis for hypoactive patients; Lam et al (2003) reported that hypoactive cases occurring in a palliative care setting were less reversible while Yang et al (2009) also found worse prognosis for hypoactive patients but only where there was evidence of comorbid dementia. Kiely et al (2007) found that hypoactive cases experienced the  highest mortality independent of age, comorbidity, dementia and delirium severity. Poorer outcomes in hypoactive patients may reflect many factors including the confounding effects of older age and a higher frequency of comorbid dementia (Inouye et al, 2001), possible differences in underlying causation, more delayed detection (Han et al, 2009; Inouye et al, 2001) such that missed diagnosis and more prolonged delirium are associated with poorer prognosis including elevated mortality (Kakuma et al, 2003; Gonzalez et al, 2009), less frequent use of pharmacotherapeutic interventions (Lam et al, 2003) and differences in frequency and type of complications (e.g. higher rate of pressure sores and hypostatic pneumonia).

This work also provides further validation of the DMSS (2008) by demonstrating its utility over serial assessment as well as its capacity to distinguish patient groups with delirium who pose different therapeutic challenges and experience differing outcomes. 

Shortcomings

The extent to which the findings in this study of palliative care patients can be generalised to other populations with delirium is unclear but the high use of medications and terminal nature of illness are likely to confer some unique characteristics for delirium in this population. The inclusion of patients with pre-existing cognitive difficulties / dementia did not appear to greatly impact upon findings but separate study of the role of such impairments is warranted. Not all cases were incident and although this cohort was identified as part of an active screening study (Ryan et al, 2008) many patients had evidence of delirium for significant periods prior to their first assessment as part of the study. Similarly, the naturalistic nature of this observational study meant that many patients were already receiving psychotropic treatments at first assessment which limited the capacity to explore the relationship between medication initiation and subsequent motor activity profile. Moreover, we did not measure all variables that might be relevant to motor activity profile and medication use such as presence and severity of pain and comorbid conditions such as anxiety or mood disorder. Similarly, not all factors that can influence outcome in delirium (e.g rate of complications, frailty at onset) were considered. Finally, this work involves the assessment of a wide range of complex factors, each of which include multiple elements that might impact upon motor activity profile. As such, the numbers of patients with individual subtype patterns are relatively small and the impact of individual factors may only be evident in studied with very large sample sizes.

Conclusions

This longitudinal study suggests that differences in motor activity disturbances in delirium are relatively consistent over the course of an episode for the majority of patients and were associated with differences in other non-cognitive symptoms but not contextual items or cognition. Motor subtypes were more closely linked to other neuropsychiatric features that occur in delirium (e.g. psychosis, affective and sleep-wake cycle disturbances) rather than to etiological underpinnings or medication exposure. Delirium is considered a unitary syndrome whereby core features occur as a consequence of a final common pathway irrespective of underlying causation. The variability in certain non-core features is thought to reflect the impact of these varied etiologies and other factors such as medication exposure and inherent patient characteristics and vulnerabilities. This work suggests that motor activity disturbances are relatively independent of these factors and are thus core elements of delirium rather than epiphenomenal, supporting their relevance to delirium definition (Meagher et al, 2009d). These observations provide further support for the concept of delirium as including three symptom domains; cognitive, higher order thinking, and circadian rhythm disturbances (motor activity and sleep-wake cycle) that are evident across the course of a delirium episode. The first two elements seem to be common to all deliria, while the circadian rhythm disturbances seem to differ and are expressed as different clinical (motor) subtypes that may have different treatment needs and outcomes, including survival time. 
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Chapter 15

Discussion and conclusions

Overview

This work significantly extends our knowledge of delirium through the detailed phenomenological assessment of three separate patient cohorts using robust diagnostic criteria, well validated, sensitive and standardised instruments, and assessments of factors such as multifactorial etiological causation, comorbid dementia, and detailed information regarding medication exposure. The use of both cross-sectional and longitudinal statistical assessment methods allows for observations about phenomenology to be considered within the context of the highly fluctuating heterogenous syndrome that delirum represents and which requires repeated assessment in order to capture the full complexity of its phenomenological expression. This contrasts with the vast majority of previous work in delirium which has involved more restricted phenomenological assessment using cross-sectional methodologies. As a consequence, the studies described herein offer novel and significant Insights into delirium as a syndrome that in turn are relevant to improving detection and diagnosis, developing more accurate definitions that can assist both real-world clinical and research efforts, and targeting studies of pathophysiology and treatment. 

The studies focusing on motor subtyping of delirium highlight the considerable potential for identifying patient subgroups who differ in relation to key clinical parameters. Moreover, better understanding of motor activity disturbances can assist in improved detection through greater awareness of the range of clinical presentations of delirium. The shortcomings of existing methodologies are identified – emphasizing the need for the development of more reliable and valid approches to subtype definition. Subsequent work described in chapters 12-14 indicates the utility of this new method in studying subtype stability and relationship to other parameters such as other cognitive and non-cognitive disturbances, etiological underpinnings, impact of comorbidities, medication exposure as well as relevance to outcome and prognosis. It is hoped that with more widespread use, this method can become a valuable resource in the further study of clinical subtypes of delirium by providing a reliable and validated means of identifying motor subtypes.

Delirium is a complex neuropsychiatric syndrome

The first aim of this work was to explore the breadth of phenomenology that occurs in delirium by using tools that allow detailed assessment of a range of neuropsychiatric symptoms as well as a variety of neuropsychological domains. The DRS-R98 (Trzepacz et al, 2001) and CTD (Hart et al, 1996) contrast with other delirium assessment instruments by virtue of their detail including the range of features assessed (Kean and Ryan, 2008). Both cross-sectional and serial assessments of these populations highlight the phenomenological complexity of delirium as a syndrome which includes disturbances of multiple cognitive and non-cognitive functions to produce a complex neuropsychiatric syndrome.  The inclusion of assessments of language, comprehension, vigilance, visuospatial function and both short and long-term memory has not been included in previous work. 

In addition to the phenomenological breadth, this work also highlights the character of these symptoms. The majority of previous work has reported merely the presence or absence of symptoms without addressing their severity or persistence. A key observation from this work is that while current definitions emphasize delirum as a cognitive disorder, these studies emphasize that non-cognitive symptoms also occur with considerable frequency and severity. In particular, these studies highlight that disturbances of sleep-wake cycle and motor activity are extremely common and, although not specific to delirium, occur at a severity which is beyond the more minor disruptions that are common in hospitalised, physically morbid patients.  The emerging concept of delirium as comprised of three principal symptom domains – cognitive impairment, disturbed higher order thinking and altered circadian rhythms (Meagher and Trzepacz, 2009) can usefully inform future definitions and also direct studies of pathophysiology and treatment needs. Unfortunately, DSM-IV criteria (APA, 1994) do not adequately reflect the importance of these other symptoms, for example, sleep-wake cycle disturbance, altered motoric behaviours, and thought content and process abnormalities are not included in the DSM-IV description. 

Table 1 shows proposed new diagnostic criteria for delirium that, by including disturbances of motor activity, sleep-wake cycle and higher-order thinking, are more representative of the syndrome of delirium than current DSM IV criteria. Specific testing of their inclusiveness when applied to real-world populations will explore their ability to add precision to identification of delirium in clinical and research settings. 

	Table 1. Proposed Neuropsychiatric criteria for delirium diagnosis (Meagher and Trzepacz)


	
A. Acute/subacute impairment of consciousness in an aroused cortex (not coma or stupor) with or without fluctuating severity of symptoms 

B. Evidence of impaired attention (eg, vigilance, span, freedom from distractibilty, set shifting) 

C. Information processing impairment as evidenced by: 
        - Deficits in at least one other cognitive domain (eg, orientation, memory, visuospatial ability, executive function) 
        - Disorganised thinking as evidenced by diminished comprehension/semantic expression and/or thought process abnormality

D. Circadian disturbance as evidenced by sleep-wake cycle disturbance, and / or motor activity disturbance 

E. Temporally-related identifiable medical / surgical / traumatic / pharmacological factor(s) that can account for the altered consciousness



The role of Inattention in delirium definition

The current DSM-IV definition of delirium emphasizes disturbance of attention as a cardinal diagnostic feature. The studies described herein provide considerable support for this central role by emphasizing the frequency of attentional disturbances, their disproportionate degree of disturbance (chapters 2 and 5), their close relationship with other aspects of cognition (chapter 2 and 5), the relative stability over the course of an episode (chapters 5 and 6) and their potential to allow for delirium detection in real world practice, including among populations with high rates of dementia (chapter 8).  This study confirms delirium as a disorder of global cognition characterised by a prominent disturbance of attention and vigilance. Disturbance of attention is closely associated with all other cognitive deficits, but not with most of the non-cognitive features indicating that delirium cannot be solely accounted for by attentional difficulties as disturbed attention alone cannot account for the full breadth of the syndrome. This work strongly supports the widespread use of formal, systematic testing of cognition (emphasizing testing of attention) in order to improve delirium detection. The observation that disorientation was much less consistently identified raises concerns because of the frequent reliance in day to day clinical practice upon disorientation as a key indicator of delirium which is fraught with the likelihood of missed cases.   

Delirium symptom variability

The second principal aim of this work was to examine whether delirium symptoms follow a unitary course or if individual symptoms follow differing trajectories over time. This has relevance to identifying features that are more reliable for delirium detection and monitoring over time as well as informing studies of pathophysiology and the characteristics of more persistent illness. In this work, we used a variety of approaches to explore symptom variability over time. We applied both mixed effects regression modelling (of symptom expression for individual patients) and generalised equation estimation (exploring symptom expression with phenomenological events) in order to explore patterns of symptom expression that are subject and population-specific respectively. These analyses indicated that symptom profile is quite consistent over episodes for individual patients but also that phenomenological expression in delirium varies considerably thus emphasising the need to focus on more consistent features (as included in the three symptom domains outlined above) in delirium definition and diagnosis. 

Although delirium is described as a unitary syndrome, where multiple causes result in a characteristic and quite consistent pattern of neuropsychological disturbances, our work highlights the differences between the inherent fluctuation in symptom severity over periods such as minutes or hours (which was evident in approximately 80% of assessments) versus mores sustained symptom change over periods of 3-4 days. The short-term fluctuation in symptoms may reflect the impact of factors such as circadian rhythms, while the relative consistency of symptom profile over more sustained periods of delirium assessment indicates consistent widespread disturbance of neural processes over the course of an episode. 

Our work highlights that symptoms of delirium do not follow an entirely unitary course, with cognitive impairments following a similar trajectory, but non-cognitive features more variable in expression. Overall, however, the various patterns identified in these analyses are in support of the unitary syndrome concept such that despite considerable heterogeneity in delirium causation and context as regards comorbidity and exposure to medications and other factors, delirium symptom profile is quite consistent in overall structure and over time, especially in relation to key diagnostic features. Once again, inattention emerged as a relatively consistent indicator of delirium while the consistent expression of thought process abnormalities suggets that the de-emphasis of disorganised thinking as a diagnostic criterion between DSM IIIR and DSM-IV may warrant re-examination during the development of delirium criteria for DSM-V and / or ICD -11 (Meagher et al, 2008). The re-introduction of disorganised thinking as a key criterion would require the development of more reliable ways of assessment for non-psychiatrists as this was one of the stated reasons why it was previously de-emphasized (Liptzin et al, 1993). More variable symptoms such as affective changes and psychotic symptoms are less useful diagnostically but are likely to reflect significant differences due to etiology, patient vulnerability and / or treatment exposure.  These studies support the division of delirium symptoms into ‘core’ features that are almost invariably present (disturbances of attention, memory, orientation, language, thought processes, sleep-wake cycle) and ‘associated’ features that are more variable in frequency (e.g. psychotic symptoms, affective disturbances, visuospatial impairments).

The serial assessment studies allowed for the exploration of delirium symptoms that characterize more persistent illness. We found increasing prominence of cognitive impairments as the duration of delirium increased. Moreover, more persistent delirium was distinguished from resolving delirium particularly by inattention and thought process abnormalities – features that have traditionally been emphasized in delirium definitions. Our work confirms the hypothesis that different phases of delirium have different phenomenological characteristics. In addition, the increasing recognition of persistent difficulties in the context of experiencing an episode of delirium (Maclullich et al, 2009) raises important questions regarding the relationship between delirium and dementia. In particular, there is considerable uncertainty as to the nature of impairments that characterise so-called Long Term Cognitive Impairment (LTCI) associated with delirium and similar work to that described herein, but involving more prolonged periods of follow up, can illuminate this important issue and allow for greater clarity regarding the delirium-dementia diagnostic interface.

Comparison of phenomenological profile of delirium and dementia

Providing better guidance regarding the distinction of delirium from dementia is a key challenge for future definitions of delirium in DSM-V (Meagher and Trzepacz, 2007) and ICD-11 (Meagher et al, 2008).  Although delirium and dementia represent quite distinct therapeutic challenges, with delirium frequently indicative of serious acute physical pathology that requires urgent diagnosis and treatment, there is a remarkable paucity of studies addressing the relationship between delirium and dementia. Moreover, there is considerable comorbidty and possible causal links such that rather than delirium merely representing a marker of emerging dementia, its has been suggested that delirium may be a reversible risk factor for dementia (Meagher, 2009). Aims 4 and 5 of this research relate to the ability of phenomenological and neuropsychological assessments to distinguish delirium from dementia as well as exploring the impact of comorbid dementia on delirium symptom profile. In contrast to previous studies, this work includes a direct comparison of delirium with comorbid delirium-dementia and with dementia without delirium. In addition, the inclusion of subjects with comorbid illness in each of the other studies, with separate analyses of the impact of comorbid dementia, provides important insights into the impact of dementia on delirium phenomenological expression. 

In essence, these studies indicate that comorbid delirium-dementia is virtually indistinguishable from delirium alone but that both ‘pure’ delirium and comorbid illness can be distinguished from dementia on a number of features, especially noncognitive ones.  Altered motor activity, severity of inattention, affective lability, and thought process abnormalities emerged as particularly useful in distinguishing both delirium groups from dementia while severity of thought process abnormalities was the only item which also distinguished delirium from comorbid delirium-dementia. Again, disorganised thinking / thought process abnormality emerged as a key indicator of delirium presence, in this case in the differentiation from dementia. This work further supports the proposed three core domains model of delirium – inattention (accompanied by other cognitive deficits), circadian activity disruption (sleep-wake cycle disturbance and motor activity alterations), and impaired higher level thinking ability (Meagher and Trzepacz, 2009; Franco et al, 2009) because these items were more impaired in both delirium groups as compared to dementia.

In chapter 8, the CTD item comparisons provide important insights into the differing nature of neuropsychological impairment that characterises delirium and dementia. The attention item was the most distinguishing of the five cognitive domains and  differentiated delirium groups from control and dementia groups.  The identification of aspects of cognition that are relatively well preserved until late in the course of dementia can provide tests that are more specific to delirium. To this end we identified the backwards spatial span as suited to the identification of any (non-specific) cognitive disturbance while the forwards spatial span, by virtue of its relative preservation in dementia, is more specific to the detection of cognitive impairments indicative of delirium.  Further work is needed to confirm this finding across different delirium populations as well testing its use as a bedside test that is relatively simple and specific to help distinguish delirium from other causes of altered mental state and cognition (including dementia) in real world clinical settings. 

The usefulness of motor subtyping of delirium

Chapters 9, 10, 12-14 address the area of clinical subtypes of delirium by assessing the consistency of current methods, developing a new subtyping method based on existing approaches but applying more precise criteria, and exploring the expression of motor subtypes both cross-sectionally as well as longitudinally, including their relationship to other symptoms of delirium, underlying etiologies, and medication exposure over time. The usefulness of this new method (The Delirium Motor Subtype Scale DMSS; Meagher et al, 2008b) is explored according to its applicability over serial assessment, inclusiveness and ability ot identify patient subgroups with differing therapeutic needs (regarding ease of ward management) and prediction of outcome, including survival time.

Chapter 9 describes the almost invariable nature of motor activity disturbance in delirium assessed cross-sectionally and also highlights shortcomings of previous methodology relating to motor subtypes by comparing patient allocation into motor subtypes by four different methods revealed substantial inconsistency, with concordance rates between any two methods varying from one half to two-thirds of cases and only one-third of patients were allocated to the same subtype by all four methods. It seems highly likely that the lack of validated and standardized assessment methods has contributed to the inconsistent findings regarding motor subtypes of delirium in the published literature, and in turn has confounded attempts to assess their clinical implications, emphasizing the need for greater consensus regarding definition of subtypes. Moreover, this study calls in to question the validity of existing literature on the prevalence and clinical consequences of motor subtypes in delirium.  

Chapter 10  describes the development of an approach to motor subtyping in delirium that derives from features that have been accumulated over many years of clinical observation of psychomotor features observed in patients with delirium. However, most previous descriptions of motor subtypes have included a range of so-called psychomotoric symptoms including a variety of speech, cognitive and behavioral disturbances, determined a priori and without an external validator.  We addressed such assumptions by condensing nonredundant features from three published psychomotor schemas into a single checklist, the DMC, which was independently rated from the DRS-R98 and analyzed in comparison to controls.  The relative frequencies for individual symptoms in delirious vs control groups with comparable medical diagnoses and treatment exposures allowed the identification of features with relative specificity for delirium and that correlate with independent measures of activity for the definition of motor subtypes. Subsequent work has further supported the concurrent validity of this subtyping scale by demonstrating the correlation with electronic motion analysis using accelerometry (Leonard et al, 2007; Godfrey et al, 2010).

The resulting 11 item scale (the Delirium Motor Subtype Scale : DMSS) is relatively simple and based on a checklist that can be rated by nursing staff. Chapter 12 describes the practical application of this new subtyping scheme to the question of whether motor subtypes of delirium differ in relation to non-motor symptoms and in particular, whether they share core elements of delirium including the character of cognitive impairment. This work confirms that cognitive impairment is essentially the same across all three motor subtypes and that phenomenological differences relate principally to non-cognitive symptom expression. These findings are not only relevant to understanding the neural underpinnings of delirium and its subtypes, but also have profound clinical implications. Hypoactive patients are commonly misdiagnosed or detected late and have poorer overall outcomes because they are less noticeable / therapeutically compelling compared to relatively  hyperactive presentations. This is despite exhibiting similar levels of cognitive disturbance and gathering evidence that hypoactive patients experience a similar magnitude of therapeutic response to pharmacological interventions (Meagher and Leonard, 2008) as hyperactive patients thus emphasizing the potential impact of regular and formal cognitive assessment of all patients in order to optimise delirium detection levels. 

Chapters 13 and 14 describe the application of the DMSS to longitudinal assessment of motor subtype expression in delirium. This is an aspect of delirium research that is almost entirely unaddressed in previous literature despite the implications for understanding the meaning of motor activity disturbance. Moreover, Longitudinal studies are crucial to gaining a more complete understanding of delirium phenomenology as it fluctuates over the course of an episode. The expression of delirium motor subtypes was surprisingly stable for a majority of patients, including those with mixed presentations, and suggests that altered motor profile is likely to relate to some enduring characteristic of the individual patient.

The concept of motor activity disturbance in delirium is long recognised, in the form of the two extremes of hyperactive and hypoactive delirium (lipowski, 1983) but this work provides important insights into the nature of ‘mixed’ and ‘no’ subtype. Mixed subtype was both common (more than a quarter of patients expressed mixed profile at some point during their delirium) and was relatively stable over the course of the delirium episode for also almost two-thirds of those that initially presented as mixed in motor subtype profile. These findings support the position of mixed motor subtype as a distinct category rather than a mere transitional phase between hyper and hypoactivity.

Similarly, presentations that do not have substantial motor activity disturbances, the so-called “no” subtype were associated with less severe delirium that was frequently subsyndromal in intensity in relation to both cognitive and non-cognitive disturbances As such, this work suggests that no subtype reflects delirium of diminished overall phenomenological intensity. In addition, very few patients had evidence of no subtype throughout the course of delirium and some degree of motor disturbance was almost invariably noted at some point, suggesting that no subtype may be a function of less severe delirium that is evolving or resolving, and / or a lack of sensitivity of the DMSS whereby not all cases of motor disturbance are captured by this method. In chapter 10 the cutoff values are attributed according to a balance between coverage and specificity, but further work in different populations may allow for a more precise defintion of the DMSS.  Overall, these findings indicate that motor disturbances are almost invariable over the course of an episode and especially where delirium reaches full-syndromal severity as measured on the DRS-R98. This supports the notion that motor disturbances are not only core features of delirium but may also be useful markers for delirium detection and warrant greater recognition within classification systems such as the ICD-11 and DSM-V.

Chapter 14 describes further longitudinal analyses of motor subtype profile in delirium and explores the relationship to other cognitive and non-cognitive symptoms, etiology and medication exposure. When assessed longitudinally, motor subtype patterns showed similar phenomenological patterns to cross-sectional studies with similar expression of cognitive and core diagnostic features but with significant differences in relation to the expression of psychotic symptoms and sleep-wake cycle disturbances. Overall, both cross-sectional and longitudinal phenomenological studies suggest that cognitive and contextual items are common to all deliria while clinical subtypes can be distinguished according to non-cognitive features. In summary, motor subtypes differed in relation to non-cognitive symptoms and in particular those that reflect disturbances of circadian rhythms such as sleep-wake cycle and motor activity profile. This work therefore supports the proposal for the DSM-V description of delirium which includes greater recognition of non-cognitive neuropsychiatric symptoms (but not as primary diagnostic criteria) and advocates for clinical subtyping according to motor activity profile (Jeste, 2009) with the DMSS the best validated of existing subtyping methods,

There were few associations between motor subtype categorisation and etiology despite use of a sensitive method and analysis with GEE that allows for assessment of the relationship as etiological attribution and motor profile changes over time. Delirium which followed a more variable course involved a greater number of underlying etiologies suggesting that the occurrence of differing motor behaviour may reflect a more complex etiological burden. As such it cannot be outruled that the multifactorial nature of delirium may have obscured any distinctions. The range of potential etiologies may be such that larger studies such as the International Multisite Delirium Etiology and Phenomenology study (IMDEP) described in chapter 14 are needed to clarify such relationships. Similarly, there were limited associations between motor subtype expression and medication use apart from patterns that suggested medication changes in response to rather than as a cause of changing symptom profile. 

This study of patients in palliative care explored survival time as a key outcome predictor and found that hypoactive subtype patients were less likely to survive beyond four weeks. This finding is significant in that it again emphasizes the need for energetic detection and therapeutic management of such presentations but also emphasizes the predictive ability of the DMSS. This adds to the other observations regarding its utility over serial assessment as well as its capacity to identify patient subgroups who share core cognitive features of delirium but have differing noncognitive phenomenological profiles. The study of delirium could benefit considerably from more widespread use of the DMSS in studies of clinical subtypes.
In addition to the stated hypotheses, this work also revealed a number of other important insights into delirium as a syndrome; the multifactorial nature of delirium is highlighted in this longitudinal work, where the use using a sensitive multifactorial measure of etiology indicated a median of three significant etiologies per case with single etiology delirium in only two cases. This has considerable clinical significance by emphasizing for continued assessment of delirium causation after an initial etiology is identified as further relevant causes are likely to be present. Also, this work indicates that around one half of delirious patients experience psychosis at some point and this occurs in a significant number of patients with both hyperactive and hypoactive motor presentations. This psychosis is quite different in nature to that which characterises functional psychotic illness as well as the psychosis that occurs in dementia. These differences may have important implications for delirium neuropathophysiology.

Methodological considerations and potential shortcomings

This work focuses on delirium occurring in palliative care patients where clinical experience suggests that certain aspects of clinical profile may differ from delirium occurring in elderly medical or other populations (e.g. high rates of polypharmacy, substantial opioid use, terminal nature of illness, extreme frailty). As such the confidence with which these findings can be generalised to delirium occurring in other settings needs to be clarified through replication studies. This has already commenced with studies of phenomenological profile in elderly medical patients (Jabbar et al, 2011) as well as a relatively younger group without evidence of dementia and with limited medication exposure (Mattoo et al, in press). These studies indicate similar findings to the work described herein. Other ongoing (unpublished) work is examining the utility of the approaches to motor subtyping as well as longitudinal phenomenological profile.

Each of these studies report patient cohorts that were assessed by a team of trained researchers. In addition, any difficult ratings were considered by the research team and rated by consensus. Future work can extend this approach by also including formal measurement of inter-rater reliability especially of the instruments where such attributes have not been clarified (e.g. the Delirium Motor Checklist, the Delirium Etiological Checklist).

The approach to the definition of pre-existing cognitive impairment or dementia in this work could be enhanced in future studies that might include more precise diagnosis and subtyping of dementia (e.g using the IQCODE (Jorm et al, 2004). This would allow for testing of the differences between delirium and the range of dementias, including Lewy Body Dementia.  The comparison of neuropsychiatric profile between delirium and dementia would also be more optimally studied with the additional use of instruments that are designed primarily to capture the behavioural and psychological symptoms of dementia (BPSD) such as the BEHAVE-AD (Reisberg et al, 1987).
An important issue in the studies described in this thesis relates to the calculation of power to detect significant differences. This is especially important for variables that do not emerge as significant predictors of outcomes such as the longitudinal dataset used for analyses in chapters 5, 6, 13 and 14, but also for the study described in chapter 10. In particular, the absence of relationships between etiological and pharmacological variables and motor subtype status / delirium syndromal status could reflect type II errors where the sample size is inadequate to confidently exclude such possibilities. 

The sample size for these studies was largely determined through consideration of the practicalities within the resource set available, as well as previous work that has identified meaningful results using similar sample sizes and the same instruments. The DRS-R98 has the ability to assess even small changes in symptoms over time as exemplified in both validation studies using smaller group sizes and treatment trials using larger sample sizes (e.g. Larsen et al, 2010).  Therefore, we believe that the DRS-R98 is capable of detecting differences across groups in this study with the n=100 at study entry. 

Further, these analyses do not relate to simple binary hypothesis and as such precise analysis of power to address the core questions is difficult to identify. Longitudinal work in delirium is lacking such that it was difficult to assess likely dropout rate though a common delirium duration is a week or so and therefore this work is consistent with this. However, the analyses also explore the less common situation of more prolonged illness and in doing so learned that the longer delirium lasts it emphasizes greater severity of its core symptom. 

Additionally, the optimal approach to calculation of power in longitudinal analyses (e.g. GEE) is unclear with a range of methods available that give quite different results. For example, (1) if we assume each assessment is independent, a total sample size of 100, number of assessments=9 and correlation between assessment =0, dropouts 65% the power is 0.65 (2) using Gpower (Faul et al, 2007). With a total sample size of 100 Number of groups = 2, number of assessments=9, correlation between assessment =0.3, and a=0.05 the power of this study was 0.35 (3) It can also be argued that since the data are missing completely at random, that power can be calculated according to the first assessment point which indicates that this sample size has a power approaching 1. In summary, power calculation for this type of analysis is an inexact science, with a variety of suggested approaches that produce highly variable findings. Future work can further explore this issue by including larger sample sizes from a variety of clinical samples.

An additional concern relates to the definitions of recovery and study exit. This is particularly relevant to chapters 5 and 6. Given the uncertainties as to how best to define FSD vs SSD, for the purposes of this study, patients were followed for as long as they met criteria for either SSD or FSD i.e. DRS-R98 score ≥ 8. Thirty cases exited the longitudinal studies by virtue of recovery rather than death (55 cases) or other reasons (15 cases). Given the non-specific nature of some delirium symptoms when they appear in isolation instead of in clusters (e.g. minor sleep disturbances, disturbed content of thinking or misperceptions) DRS-R98 scores of 7 or less are consistent with “no delirium”. Further work can clarify the optimal approach to definition of full syndromal delirium vs. subsyndromal delirium vs. ‘no’ delirium. To date, studies support a dimensional approach that is based up symptom severity rather than a categorical approach based up the presence or absence of particular features of delirium because of the general lack of specificity of any individual symptoms for delirium when compared to other neuropsychiatric disorders.

The frequency of assessments (twice weekly for the first 3 weeks) allowed for highly consistent approaches to data gathering such that there were virtually no missing data due to missed assessments (rather than patient exiting the study due to recovery / death etc). However, the highly fluctuating nature of delirium means that more frequent assessments may identify significant patterns over time. For changes in motor profile (chapters 13 and 14) the twice weekly assessment of profile allowed for adequate time to document alterations in profile and of note, all available information during these time frames was used. 

The longitudinal study described in chapters 5 and 6 provides important new insights into the phenomenological profile of delirium over the course of episodes, and highlights that cognitive disturbances are increasingly prominent as delirium persists. These findings are relevant to the increasing recognition of persistent cognitive problems that can occur in association with delirium. The relatively short period of follow-up of this palliative care population limits the extent to which observations can be made regarding longer term outcomes (e.g. 6-12 months) but further studies can address this issue in greater detail, including characterising the nature of persistent / long-term cognitive difficulties and their relationship to dementias.

Future Directions

This work provides many new insights into the nature of delirium but also raises many new questions. In addition, there are limitations that require further work to confirm findings herein in different populations (e.g. elderly medical, consultation-liaison referrals, intensive care) and with more precise methodologies (e.g. better definition of dementia). A number of further studies have been undertaken to address these issues including the detailed assessment of phenomenological and neuropsychological profile in a paediatric ICU sample (Leentjens et al, 2008), a cohort of elderly medical inpatients (Jabaar et al, 2011), a complete university teaching hospital sample (Meagher et al, ongoing), as well as a consultation liaison sample from North-West India (Mattoo et al, in press). Similarly, replication of the analyses that relate to the development of the Delirium Motor Subtype Scale can allow for greater precision regarding the features that best define subtypes as well as appropriate cutoff scores in different populations. Preliminary analyses indicate that when a similar approach is applied to an elderly medical cohort, the same 11 items emerge as most suitable for the DMSS (Meagher et al, ongoing). 

The use of a combination of methods for longitudinal data analysis allows for investigation of patterns that reflect population vs subject specific effects. This combination is important in order to capture symptom variability within individual patients experiencing as well as to identify patterns that relate to the broader population with delirium. MRM modelling is analytically complex and in contrast to GEE does not converge as readily (Fitzmaurice et al, 2004). The MRM analyses described in chapter 5 of this work are preliminary and further work is needed to identify a more complete model that can explain symptom evolution in this population.  

This work did not identify major associations between delirium phenomenological profile and underlying etiological causation, medication exposure, or presence pf co-morbid dementia. This adds support to the notion of delirium as a syndrome that reflects disturbances of a final common pathophysiological pathway where multiple factors converge upon a consistent constellation of symptoms. The complexity of medication exposure in naturalistic studies, as well as the breadth of possible contributing etiologies, means that identifying patterns may require studies that include large numbers. The relationship between etiology and phenomenological profile is the subject of a large international multisite study (International Multisite Study of Delirium Etiology and Phenomenology : IMDEP) which will allow for a more detailed investigation of the relationship between etiology and symptom profile.

 The findings in relation to the neuropsychological assessment of delirium vs dementia raise interesting possibilities for the development of more accurate screening methods. Ongoing work has compared the applicability, sensitivity and specificity of spatial span tests with standard screening tests for cognitive impairment and delirium that are used in real world practice (the serial sevens test, reciting the months of the year backwards) as well as the CAM in identifying delirium in a university teaching hospitasl setting (meagher et al, ongoing). These might overcome the shortcomings of the CAM which remains the gold standard despite concerns about its reliability when used by non-experts such as nursing staff and doctors in training (Inouye et al, 2001; Ryan et al, 2008). Preliminary work has focused on the development of touch-screen computerised versions of the spatial span tests which allow for detailed assessment of testing performance that has highlighted the potential value of automatic testing procedures to improve inter-rater reliability (Gohery et al, submitted). Moreover, future research opportunites include the application of eye-tracking methodologies to the testing of visual attention as in indicator of emerging cognitive failure typical of delirium (Exton and Leonard, 2008).

To conclude, the principal findings of the work described in this thesis are summarised and a plan for future phenomenological research in delirium is outlined in Table 2. As described above, many of these areas are already the subject of ongoing research by myself and colleagues, but the volume of work that is needed is so great as to require the input of a range of researchers ideally from a variety of clinical and research backgrounds. It is hoped that this work will serve as a useful comparison point for future studies as well as guiding the selection of optimal research methods.

Conclusions

(12) Delirium is a complex neuropsychiatric disorder characterised by a broad range of cognitive and non-cognitive symptoms 

(13) Delirium is characterised by disproportionate disturbance of attention which correlates highly with other cognitive disturbances but less with non-cognitive features

(14) Previous descriptions of delirium (including DSM IV) have underemphasized the importance of many non-cognitive symptoms such as sleep-wake cycle disturbance and alterations in motor activity which are extremely common in delirium

(15) Psychotic symptoms occur in approximately 50% of cases and differ in nature to those evidenced in functional psychosis and dementia.

(16) Psychotic symptoms are common in all motor subtypes of delirium

(17) Delirium symptoms differ in expression with cognitive disturbances (especially inattention), disorganised thinking and contextual items especially consistent over time compared to non-cognitive symptoms

(18) More persistent delirium is associated with increased prominence of cognitive impairments

(19) Inattention and disorganised thinking are key phenomenological markers of delirium that with routine, regular, systematic assessment can allow more reliable detection of delirium

(20) Delirium can be conceptualised as comprising three principal domains; disturbed cognition with prominent inattention, disturbed higher order thinking as evidenced by thought process abnormalities, and disturbed circadian rhythms as evidenced by altered motor activity and sleep-wake cycle

(21) Future definitions of delirium would benefit from greater recognition of the importance of disorganised thinking as well as alterations in motor activity and sleep-wake cycle

(22) Where delirium is complicated by comorbid dementia, delirium symptoms dominate and are readily identifiable

(23) Delirium is distinguished from dementia by a range of neuropsychiatric symptoms as well as more severe disturbance of attention

(24) The Backwards spatial span has potential utility for identifying non-specific cognitive disturbance amongst medically morbid populations

(25) The Forwards spatial span can distinguish delirium from dementia and has potential utility as a screening test for delirium

(26) Traditional methods of defining motor subtypes in delirium are inconsistent and are likely to be a significant factor in the inconsistencies within exisiting literature thus highlighting the need for more reliable and valid means of defining clinical subtypes

(27) The DMSS is a novel method of identifying motor subtypes of delirium that emphasizes ‘pure’ motor disturbances over associated psychomotoric symptoms and that correlate significantly with independently assessed motor activity levels 

(28) The severity of cognitive disturbances and core diagnostic features of delirium does not significantly differ across subtypes

(29) The expression of motor subtypes is relatively stable over time for the majority of patients

(30) The robustness of mixed motor subtype as a distinct entity is supported by its frequency and stability of expression over time

(31) Motor activity disturbances are almost invariably present over the course of delirium and no subtype category is characterised by less severe / subsyndromal illness

(32) Motor subtypes of delirium do not appear to be closely related to etiological underpinnings or medication exposure
(33) The DMSS can identify patient subgroups that differ in relation to key elements of clinical profile, including management needs and outcome in form of survival time
Table 2. A plan for future phenomenological studies of delirium.

a. Studies need to include delirium assessment tools that capture the range of symptoms that occur. The combination of the DRS-R98 and CTD has notable strengths by allowing the assessment of a comprehensive range of cognitive and non-cognitive features of delirium.

b. Variations in presentation across different patient populations, treatment settings and cultures should be explored and the generalisability of some of the key findings of this work to these other populations needs to be explored.

c. The complex and fluctuating nature of delirium mandate that future work needs to include much greater emphasis upon longitudinal assessment of delirium. In particular, there is a need to document the course of individual symptoms over the course of delirium episodes as variations have significant implications for understanding diagnosis, detection, pathophysiology, treatment and outcome. Future work can explore the progression of symptoms over shorter time frames and using more frequent serial assessment that will provide more information regarding the impact upon short-term symptom fluctuation upon accurate phenomenological assessment and, ultimately, delirium detection.

d. A particular focus of serial assessment studies will be the clarification of prodromal features / early indicators of emerging delirium. Such work requires the assessment of a wide range of possible features including symptoms of syndromal delirium as well as other disturbances that may not be prominent in actual delirium (e.g. anxiety, diminished pain tolerance, more general psychological changes such as irritability, etc). 

e. The concept of subsyndromal delirium (SSD) requires better delineation, including its components and relevance to full syndromal delirium with regard to evolving vs resolving phases of delirium, treatability, and prognosis where full syndromal delirium does not ensue. 

f. Phenomenological studies can greatly assisst delirium detection by allowing for  more precise definition / diagnostic criteria and by identifying features that distinguish delirium from other conditions, such as dementia

g. The phenomenological overlap between delirium and mood disorders has been understudied, but is crucial to improving diagnostic precision. In particular, the distinction of hypoactive delirium and major depressive illness can be challenging and further work is needed to develop upon recent preliminary studies (Leonard et al, 2009).

h. The significance of motor subtypes of delirium for detection, pathophysiology, treatment and prognosis needs to be studied in a more systematic fashion, including use of validated methods of subtype definition such as the DMSS. 

i. The relationship between delirium and dementia requires much investigation, including phenomenological distinctions, the relationship between so-called behavioural and psychological symptoms of dementia (BPSD) and delirium, and the features that characterise long-term cognitive impairment that can occur with delirium. 

j. Studies of pathophysiology, treatment and outcome need to include greater detail regarding the individual symptoms of delirium so, for example, we can examine the extent to which therapeutic interventions impact upon delirium as a whole as well as upon specific elements of delirium, such as cognitive versus non-cognitive features.
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