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.USTRACT 

Delirium, a confiisiond state characterized by acute onset and flucmUng 

symptoms. may be precipitated by virnraily aii physical illnesses. The persond and 

economic consequences of deiirium highiight the importance of research in this field. 

Two mdies were undertaken that tried to address the limitations of previous 

delirium research. Study One. a prospective snidy of individuais 65 years of age and 

older, was conducted in an acute care facility. The primary purpose of Study One was tc 

identie environmentai risk factors for delirium in the acute care hospitalized eIderly th; 

were amenable to intervention. Environmental factors were defined as those factors th 

occur during hospitabition and are extemal to the individual. The secondary purpose 

Study One was to identify the negative consequences or outcomes associated with 

delirium that occur during hospitaluation or at discharge. The primary purpose of Stud 

Two was to estimate the prevalence of delirium and ident* possible risk factors for 

delirium in patients 65 years of age and oIder who were residents in a c h &  care 

institution. The secondary purpose of Study Two was to mess the utiiity of the 

Minimum Data Set (MDS) for delirium research. The MDS is a comprehensive patieni 

assessrnent tool m811dated for use in chronic care hospitals in Ontario. 

In Study One, one hudred and fifty six consecutive patients admitted to the 

hospital were followed for fourteen days or until discharge. Deünum developed in 28 

individuals (17.4%) followiug hospital admission. Significant host risk factors includt 

older age, surgery, a period in the inteusive care unit and cognitive impairment, 

Signifïcant environmental risk factors amenable to intervention included a high n u m k  
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medicauons during hospitaiization and a high number of procedures over the first four 

days. When the aggregate hospitd medications variabie was rernoved fiorn the final 

modei. Hisramine- receptor antagonists and a combination of benuidiazepines and 

tricyclic antidepressants were sipifkant independent risk factors for delirium. Deliriu 

independently contributeci to an increased length of stay in hospiral and the use of 

restraints other than siderails 

In Study Two, 230 patients were admitted to chronic care and met snidy criteria 

There were 48 (20.9%) patients idennfied as potentially delirious according to MDS 

critena Eleven (4.8%) patients met the critena for a diagnosis of delirium according 

ïhe Diagnostic and Statistical Manuai of Mental Disorders IV @SMFI). Thus. fimue 

studies mua be undertaken to assess the sensitivity and specificity of the M D S  deliriui 

mcasure. 

A number of host risk factors were identified for potential delirium (defined by 

MDS critena). Host risk factors included (1) cognitive impairment, (2) not having a 

diagnosis of hemiplegia, (3) presence of an indicator of depression, anxiety or sad moc 

in Iast 30 days, (4) a deterioration in activities of daily living compared to status 90 @ 

previously, (5) rend failure, (6) diagnosed with a terminal illness, (7) increasing bowei 

incontinence, (8) a wound infection, or (9) urinary tract infection. 

One environmental variable was signifiant in the fkd model. Those patients w 

an inmaseci number of daily physician order changes were at a higher risk for potenti, 

delirium. 



Hoa risk factors for DSMIV defined delirium tas opposed to porenual delirium 1 

included co_dtive impairmenr. and a detenoration in urinary coniinence. Environmenri 

risk factors included an acute care hospitd admission in the previous 90 days and an 

increased number of medicaüons. 

With the exception of medical diagnoses. cognitive impairment and terminal illne 

the other nsk facrors identified in Study Two are susceptible to the limitations associate 

with a cross-sectionai mdy, nameiy the difficulty in determining correct temporal 

sequence. 
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Chaprer 1. Introduction 

Delirium has been described in the medicai litsrature for over 2000 years: howet 

it remaina relative- uninvestigated compared to other cognitive disorders such as 

dementia. The erymology of delirium is evocative: it is derived fiom the Latin de. 

meaning down or away fiom, and lira. a furrow or mck in the fieids: that is. to be '*off 

track". Delirium is a mental impairment marked by confision and sometimes 

hallucinations (petceptual disnubances). .Uthou@ memory impairment occurs in both 

deIirïum and demenua. delirium is also characterized by a disorder of attention. an acu 

omet. and fluctuating symptoms, whereas the symptoms in dementia are retatively stat 

and attention is normal (American Psychiatric Association. 1994). Multiple cognitive 

deficits, including memory impairment that persist in an unchanged form for more thai 

few months, suggest dementia rather than delirim (maerican Psychiatric Association. 

1994). Delirium rnay coexisr with dementia, causing an acute change in symptomatok 

Delirium can be considered a potentiai medicai emergency in elderly individuais 

Although delirium may be precipitated by virtually ail physical illnesses, it may be the 

sole madestation of a Me-threatening iliness such as sepsis, myocardial infarctioa or 

pneumonia (houye. 1994). However, the etiology of delirium remains obscure. There 

littie question that advanced chronological age is implicated iu the brain's enhanced 

vulnerability to delirium (Miller & Lipowski. 1991). The majority of prospective studi 

have found age to be a signüïcant predictor of delirium (Gustafsson, Berggren, 

Brannstrom, et al. 1988; Marcantonio, Goldman, Mangione, et al. 1994, RockWood. 
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1989: Schor. Lsvkoff. Lipsirz, et al. 1992: Williams. Campbell. Raynor. Musholt. 

iMiynarczyk. & Crane. 1985). Aithou& the reasons why aging predisposes an individi 

to delirium are poorly derstood, deficits in the cholinergic system have been propost 

as a possible etiologic mechanism (Gibson, Blass. Huang, & Freeman. 1991). Simiiari 

deficits in the cholinergic ?stem may underlie the increased risk of delirium seen in 

individuais with cognitive impairment. However. delirium is not considered a normal 

aspect of aging. 

LQlthough delirium may occur in community populations. studies indicate that th 

prevalence is Iow. In a random sample of individuais 55 yars of age and older (n=8 1( 

six persons received a diagnosis of deiirium (Folstein. Basset. Romanoski. & Nestadt. 

1991). in conaast, prospective studies have identified the prevalence of delirium in 

hospitalized populations h m  -1% to 33%, whiie incidence ranged from 7% to 52%. 

variation in rates for elderly individuals within hospitals may be related to differences 

case ascertainme- diversity of senings and diierences in patient selection criteria (e.1 

age, cognitive impairment). Delirium. therefore, appears to both precipitate and be 

precipitated by institutionalkation. Given the progressive aging of the population it is 

probable that the incidence of delirium in a hospitalized population will increase. 

Prospective audies have identifid a variety of host risk factors (itra-individuai 

for delirium, including age and cognitive impairment. Although knowledge of some h 

risk factors rnay assist health care proféssiods ta identify individuals at risk of deLiri1 

such knowledge does not assist efixts to prevent delirium. One area that has not recei 

much attention is the mle of envhamental risk factors, those factors that occur during 
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hospitaiizaüon and are extemai to the individual. Medication use is the oniy consisten 

environmentai risk fàctor examined in prospective snrdies. Findings have k e n  

inconsistent, implicating a number of medication classes. However. environmental 

factors other than medications may play a simiificant roie in precipitating deIirium. Fa 

example. admission to an acute care facility, with a concornittant decreased contact wii 

family or familiar persons. may place an individual at greater risk for delirium. The lac 

of research on environmentai risk factors is an important omission in research as 

environmental risk factors may be more easily amenable to intervention than host factc 

Once delirium accurs, the consequences for the hospitaiized eider. may be far 

reaching. Outcornes commoniy ataibuted to delirium include increased morbidity and 

mortaIity, as weil as an increased length of stay (Levkoff, Evans, Liptzin. et al. 1992). 

Close nursing and medical surveillance is required as delinous individuals may be at 

higher risk for injuries to self and others due to their mental impairment and perceptua 

disturbances. increased duration of hospital stay and the increased attention required II 

to an increased heaith care cost. Yet the findings fiom prospecuve srudies regarding tl 

outcornes have b e w  inconsistent. The variation in findings r e I d  to the negative 

consequences or outcornes of delirium may be atiributed to the lack of control for 

potentially confounding or extraneou variables. 

Less tangible, and yet perhaps the more important consequences of delirium incl 

the impact on quaüty of life and the adverse effects on significant others. Famiiy 

mcmbers may becorne distraught if they mistake the sympmmts of delirium for demen 

Similarly, when delirium is superimposeci on dementia, family members may conclud 
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that the dementia is rapidly progressing, and decide to prematurely instituuonalize an 

individuai. Xn increased risk of insritutionaiization has been identified in a number of 

prospective studies (Marcantonio. Goldrnan, Mangione. et ai. 1994: Francis. Martin. 8 

Kapoor. 1990). Clearly, the accurare assessrnent of outcomes associated with deiiriurx 

a meaningfid undertaking. 

The personal and economic costs of delirium combine to si- the importance 

continued research in this area However. previous research was charactenzed by a 

number of limitations. First. previous studies of risk factors are limited by 

methodological weaknesses such as inclusion of prevalent cases. and by a focus on ho. 

factors oniy. Second. prospective studies have been mainly conducted in an acute c m  

environment, and yet many of the risk factors identified in previous research have a hi 

prevdence in cbronic care hospitals. Thus, hdings h m  studies conducted in acute c 

may not be generaiizeable to chronic c m .  Third, studies examinhg the consequences 

delirium have been limited by inadequate control of confounding or extraneou variab 

The primary purpose of Study One was to identiQ environmental risk factors th 

are amenable to intervention while controlling for known risk factors for delirium. Th 

secondary purpose of Study One was to ident* outcomes associated with delirium 

ditring hospitalization or at discharge. The study was ccnducted with individuals 65 y 

of age and older admitteci to an acute care faciiity. 

nie primary purpose of Study Two was to estimate the prevdence of delirium ii 

chronic care population and identify possible risk factors for consideration in fiiture 

prospective studies. The secondary purpose of Study Two was to assess the research 
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urility of assessine delirium usine a comprehensive patient assessrnent tool mandated fc 

chronic care patients in Ontario. 



Chapter 2, Literature Review 

This chapter reviews the following: synonyms of delirium: diagnostic criteria : 

delirium: differentiation of delirium, depression and dementia: and the euology of 

delirium- The foilowing wili be reviewed as back-mund information for Study One: 

instruments used in the detection of delirium: the prevalence. incidence and onset of 

delirium; and predictors and outcornes of deiiriurn for the hospitaiized elderiy. In this 

review? risk factors are divided into two main categones: hon factors that are interna1 

the individuai: environmental factors that occur during hospiralization and are externa 

the individual. 

2.1 Svnonvms for Delirium 

Many labels have been used to describe delirium (Table 1). Acute confusions 

state* organic brain syndrome (OBS) and acute cerebrai hsufllciency aii  represent the 

same diagnostic category. Currentiy, the diagnostic labels "acute confiisional state" a 

"delirium9* are the most tkquent designations. The Amencan Psychiatrie Association 

adopted the term "deliriumy'. Their rationale is that confision. defined as a ioss of onc 

capacity to think with usual clarity and coherence, can be associated with several dB 

psychiaûic syndromes, and is therefore not helpfid in developing a diagnostic or 

ireaiment plan (lipowski. 1983). The rem delirium will be used throughout tbis thes 

2.2 Criteria for Delirium 

Aithough there is general agreement on the types of symptoms that characteriz 

delirium, agreement on what combination of symptotns is re~uired for a diagnosis, an 

how to measure these syrnptoms has evoIved more slowly. In particular, consensus 01 
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Table 1 
Svnonvms for Delirium 

S ynonyms for Delirium 

Acute brain failure 

Acute brain syndrome 

Acute cerebral insufficiency 

Acute confusionai state 

Acute mental statu change 

Acute organic psychosis 

Acute organic teaction 

Acute organic syndrome 

Agitated conEusionai state 

Aitered mental statu 

Cerebral insufficiency syndrome 

Dysergastic reaction 

Exogenous psychoses 

Metabolic encephalopathy 

Pseudoseniii~ 

Reversible cognitive dysfunction 

ReversibIe dementia 

Reversible toxic psychosis 

Subacute befbddlement 

Toxic confusional state 

Toxic delirious reaction 

Toxic encephalopathy 

Toxic-metabolic encephaiopathy 

Toxic psychosis 

Refennce: Francis, J. & Kapoor* W. (1990). Delirium in hospitaliztd elderty. Journal of General hem 
Medicine. 5,65-79. 



opinion on the features that shodd be considered essenaai to the diagnosis and those that 

are secondary fias been difficulr to reach. The criteria developed by the American 

P ~ h i a m c  Association (MA)  will be reviewed as this source is grounded in empirical 

research and was developed for clinicai and research purposes. The following provides a 

bief description of the criteria that have evolved over time to cuIminate in the present 

criteria provided in Diagnostic and Statistical Manual (DSM) IV (Amencan Psychiauic 

Association. 1994). 

Statisticai information on mental illnesses has been collected for some rime. In the 

United States, an "idiocy/insanity" category was included in the 1840 census. The 

international Statisticai ClassifTcation of Diseases and Related Health Problerns (ICD) 

manuai was developed to delineate categories that faciiitate the collection of basic health 

statistics; therefore, diagnostic cnteria were not included. It was not until 1952 that an 

officiai manuai with a focus on clinicai utility was developed for mentai disorders. The 

M A  published the Diagnostic and Statisticai Manuai (DSM) in an attempt to provide a 

standard classification of abnormal behaviour. The diagnostic criteria were deveioped b! 

clinicai consensus and evolved as knowledge fiom empirical research increased. 

Dcvelopment of DSM occurred in tandem with development of the ECD. The DSM 

contained a giossary of descriptions of the diagnostic categories of mental disorders. Thi 

tcrm "reaction" was useci h u g h o u t  the mauuai and reflected the influence of Meyer's 

psychobiologicai view that mental disorders represent reactions of the personaiity to 

psychological, social, and biological factors (Amencan Psychiarric Association. 1994). 
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The next version DSM II did not differ grearly h m  the firçt version excepr for the 

eliminarion of the r e m  reacuon- A number of important merhodolo@cd innovations 

tvere inuoduced with the publication of DSM-III. including explicir diagnostic criteria 

muitiaxiai system. and a descriptive approach th attempted to be neutrai with respect 

theories of etiology (American Psychiatric Association. 1994). 

Each version of DSM has contained siightly different criteria for a diagnosis of 

delirium (Appendix A). This refinement of criteria reflects the increased empirical 

evidence available to the consensus groups. The major DSM-III criterion for defining 

delirium was a "clouding of consciousness" (American Psychiatrie Association. 1980). 

Operationai criteria for symptoms were lacking in this version. thus it is not known 

exactly what "clouding of consciousness"entailed. DSM-III-R (American Psychiatric 

Association, 1987) attempted to provide some operational criteria for symptoms by 

including specific exampies. It also redefhed the core featur=:s of the syndrome. 

"Clouding of consciousness" in DSM-III was redehed in DSM-III-R as a reduced levr 

of consciousness, and became one of six criteria of which at least nivo had to be present 

(Liptzin. Levkoff. Cleary, et al. 1991). Disorientation and memory impairment were ni 

longer core criteria, as they had been in DSM-III (Liptzin, Levkoff, Cleary, et al. 199 1) 

The major core criterion now became "attention". Literanue reviews and studies usim 

successive versions of the DSM demonstrateci the ambiguity of the cnteria developed fi 

delirium, with practitioners and researchers experiencing considerable diiliculty in 

aüributing spesific symptoms to delirium alone (Tucker. 199 1). The most recent versic 

DSM-IV, specifïes core critena only, thus simplifjring the diagnosis (American 
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Psychiatrie Association. 1994). The criteria of acute omet and fluctuating course have 

remained constant throughout the revisions- 

These DSM revisions contribute to the rnethodolo~cai difficdties associaxed wirl 

comparing studies over Ume. Abert et ai. (1 992) argue that the revisions do not 

substantiaily change the symptoms considered to be part of delirium. Unfortunately. 

however. cases of delirium detected by insrmments based on the DSM-III criteria may 

differ fiom those detected by Uisnuments based on later revisions. The additionai critei 

specified in DSM-III and DSM-III-R may make it more difficuit to meec the fuil criteri 

and thus many cases of "parriai" delirium may resuit. In a sampie of 325. one hundred 

and ten patients experienced some symptoms of delirium without meeting the fiil1 critei 

when assessed using a tool based on DSM-III criteria (Levkoff, Evans. Lipnin, et ai. 

1992). Liptzin et a l  (1991) found the DSM-III-R citeria more restrictive than the DSb 

iiI critena with 125 patients meeting DSM-III criteria and only 1 O6 meeting DSM-LLI- 

criteria This clifference was partiaUy accounted for by seven patients who spoke very 

little and could not be rated on the DSM-III-R criterion of disorganized thinking. 

Combined, these studies highlight the difnculty of comparing studies based on ciifferin! 

criteria 

In the development of a diagnostic algorithm for delirium, inouye et al. (1 990) 

rctained only four of the nine elements of the DSM-III-R cnteria because the remainini 

five clinical features did not increase the sensitivity or specificity of the instrument whi 

compareci to psychiaûists ratings. nie four key elements identified indude (1) acute 

onset and fluctuating course, (2) iaattention, (3) disorganized thinking, and (4) altered 
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level of consciousness. These key elements are represented in the most recent version O: 

DSM. the fourth edition. The essential feature of delirium is defined as a disrubance of 

consciousness that develops over a short period of t h e  and tends to tluctuate during the 

course of the &y. The disturbance inciudes a change in cognition. or the deveiopment o 

a perceptuai disturbance that is not accounted for by dementia (Amencan Psychiatrie 

.Association. 1994). 

Summarv. 

In SV, although the critena for delirium have evolved over the past few 

decades, the key feanires of acute omet and fluctuating course have remained constant 

throughout. The most ment  criteria for delirium in DSM-IV contains core criteria only, 

thus eliminating much of the concern over specific elements. 

2.3 Differentiatine Delirium. Demession and Dementia 

Delirium, depression & dernentia represent t h e  distinct diagnostic entities, and y 

overlapping symptornatology may Iead to misdiagnosis. The treatment modalities 

required for each are very different, and thus it is important to accurately diagnose each 

condition. Further, depression and dementia have been implicated as risk factors for the 

development of delirium, and therefore are important to assess for research purposes. 

Deluium is commonly thougbt of as a hyperactive-hyperalert fonn with visible 

confusion and agitation; however, elderly patients in particuiar may also exhibit a 

hypoactive-hypoalert form of delirium (Farrell & Ganzini. 1995). This hypodert form i 

cbaracterized by withdrawai, listlessness and.quiet confusion, leading chicians to 

conclude the patimt is depressed. To illustrate, in those patients referred to a psychiatri~ 
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consuiration-liason service xvitti depressive syrnptoms. 6% received a finai diagnosis of 

delirium. Patients with delirium were dder than those diagnosed with depression. and 

more likely to be maie (Nichoh & Lindsey. 1995). Distinguishing depression fIom 

deiirium requires a careful history! inciuding a f h i l y  interview to ascemin duration of 

symptoms. The presence or absence of a psychiatrie history is important. Major 

psychiatnc disorders rare- develop in patients older than 40 (Dubin. Weiss, & Zeccard 

1983). Further. while some symptom such as sieep disturbances and psychomotor 

abnomaiities are crimon to both delirium and depression, depression differs fiom 

delirium in that attention and cognitive disturbances are not pronounced. onset is more 

graduai. perceptuai dimubances are uncommon and the patient is aien (Farrell & 

Ganzini. 1995). Thus, the clinician must assume delirium when an elderly patient 

exhibits an acute change in cognitive stams, 

Delirium can also be differentiated h m  dementia Like delirium. dementia may 

have prominent memory and cognitive deficits, but t h e  is an insidious onset and chror 

course and it is stable over short periods of t h e .  Individuals with dementia remain 

attentive and aware of their environment until very advanced stages, whereas a change i 

attention is a key fcatwe of delirium. Delirium superimposed on dementia may result u 

w h t  has been cded "reversible dementia' wherein improvement in cognition occurs 

wtien the precipitants of delirium are treated (Francis & Kapoor. 1990). 

Suinmanr. 

In sumrnary, although delirium, depression and dementia share a number of 

symptoms, there are key features that différentiate delirium. Acute omet, changes in 
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attention and consciousness. and possibty perceptual disturbances are apparent in the 

delirious individual. 

2.4 Etiolow of Delirium 

The etiolog of delirium in the elderly is believed to be complex and muitifacror 

involvine the interaction of environmental factors superimposed on a vulnerable patien 

(Inouye. 1994). An important consequence of this etiolopical mode1 is the possibility ( 

intervening in order to prevent delirium. The precise processes by which delirium is 

mediated are unknown. As there appears to be heterogeneity within the diagnosis of 

delirium. it may be that different I-onns of delirium have specific molecular and anaton 

pembations (Ross & Nisbett. 1991). This heterogeneity was exernplified in a smdy 

examining subtypes of delirium. Liptzin & Levkoff (l992) classified patients with 

delirium into three subtypes; hyperactive, hypoactive & mixe& The majority of patien 

(52%) were of the mixed type, consistent with the fluctuating critena for deiuium 

(Liptzui & Levkoff. 1992). They suggest. however, that hyperactive and hypoactive m 

not be distinct subtypes, but an interaction with physicai well being. Those patients wl 

are physically well become agitated in conuast with those who are physically ill and 

become lethargic (Liptzin & Levkoff. 1992). It is intriguing that hospitalized patients 

with hyperactive delirium had a length of stay comparable to individuais who did not 

experience delirium, and lower rates of in-hospital and six month m o d t y  (Liptpn & 

LevkoE 1992). Unfortunately, however, potential confounders for length of stay and 

mortaiity, such as severity of iflness and physicai fùnction, were not controlled in this 

d y .  



Aithou& a syndrome as clinicdly diverse as delirium mi@ be expected to hav~ 

multitude of putative neurochemicai mechanisms, oaly a kw etiologic hypotheses ha\ 

been advanced, A@g in generai. deficits in the cholinergie systern in parcicuiar. and 

reduction in plasma inptophan have been cited as  conmbuting to the euology of 

delirium. The following theones represent the current -te of thinking regardmg the 

etiology of delirium. 

There is generally consistent support for the eEect of age on the developmenc ol 

delirium (Gustafson. Berggren, Branrmrom, et ai. 1988: Marcantoniol Goldrnan. 

Mangione, et al. 1994: Rockwood. 1989: Schor. Levkoff. Lipsiu. et al. 1992: William 

Campbell. Raynor. Musholt. Miynarcqk, & Crane. 1985). Little is known however. 

about the changes with age in the systems thought to pIay a role in delirium. Severai 

neurobiological processes may be involveci. On a general levei, the aging brain appea 

lose redundancy. As a result, relatively miId physiologicd insdts may Lead to the 

impairment of brain functioning h t  crosses the threshoid into a clinicaily significant 

disability (Blass, Nolan, Black, & Kurita. 1991). Visuai and hearing problems may re 

in sensory degradation, diminishing the quautity and quaiity of information received f 

the environment, and facilitaMg cognitive disorganization. Although the eEects of aj 

on drug metablism are complex and difficult to predict, there is evidence that the h t  

phase of &ug metabolisrn deciines with increasing age, and may rentier the eldedy mi 

susceptible to dmg-induced delirium (Kane, OusIander. & Abrass. 1994). 

Certain parts of the brain on whose integrity normal cognitive processes depend 

also susceptible to aging and show selective ceil loss. There is loss of cells and reduci 
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in the denchitic tree in the cerebral cortex (Lipowski. 1983). The fiontal cortex. 

hippocarnpus. and locus cedeus are among the structures seiectively invoived 

(Lipowski. 1983). Destruction of locus cedeus. or raphe nuclei. or both. has been 

blamed for the occurrence of nocninial delirium in demented elderly patients (Lipowsk 

1983). The normal elderly show reduction of cerebral blood flow and glucose 

metaboiism. changes that are much p a t e r  in the presence of even mild and 

asymptomatic arteriosclerosis and are most pronounced in senile dementia (Lipowski. 

1983). An hadequate supply of oxygen and glucose to the brain to meet the demands 

neuronal ceils is hypothesized to be a cornmon cause of delirium iBlass. Nolan. Black. 

Kurita. 1991). 

Yet, the most compelling etiologic hypothesis is the anticholinergic hypothesis. 

The cholinergic system is known to be affected by aging, and even more so by 

degenerative brain disease (Antuono. 1995; Locascio. Growdon, & Corkin. L995). 

Adequate funetionhg of the choiinergic system is needed for nomal memory, leamint 

attention, wakefuiness, and the sleep-wake cycle. Deficiency in this system is therefor 

likely to be a predisposing factor for delirium. Animal and human studies support the 

hypothesis that deficits in the cholinergic system underlie many of the changes seen in 

delirium and Alzheimer's disease, particulariy the diminished memory (Gibson, Blass, 

Huang, & Freeman. 1991). Anticholinergic medication intoxication cm produce 

behaviorai and electroencephalographic (EEG) changes consistent with delirium. The! 

changes can be reversed with chohesterase inhibitors such as physostigmine or 

terüahydmaminoacridene (Francis & Kapoor. 1990). Case reports exist of individuals 
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who consumed large doses of aatichoiinergic medications and subsequently presented 

with delirium (Bernstein & Leff. 2967: Brizer & Manning. 1982). In clinicai midies, 

higher semm anticholinergic activity has been reported in surgical patients who 

developed postoperative delirium (Tune. Holland, Foistein. Damioch. Gardner- & Coyl 

1981: Golinger. Peet. & Tune. 1987). It is important to note. however. that there is a h 

correlation of the acnraI dose of antichoiinergic drugs with serurn acuvi- lFrancis & 

Kapoor. 1993). 

These findings have led to the hypothesis that anticholinergic medicarions may pi 

a significant role in the development of delirium. The risk of anticholinergic toxiciq is 

high in the elderly as many medications have such activity including antipsycbotics, 

antidepressants, ad-Parkinsonian agents. sedatives, hypnotics and antihistamines. 

Antichohergic drugs are readify available over the counter as cold remedies. allergy 

formulations and sleeping pas. In addition. many drug classes not ordinarily viewed a 

anticholinergic binding can produce delirium that is reversible with physostigmine 

(Francis & Kapoor. 1990). Exampies of such dmgs include meperidine (Demerol), anc 

Histaminez receptor antagonists, cimetidine and ranitidine (Francis & Kapoor. 1990). 

Recently, a reduction in plasma tryptophan has been hypothesized as a contributi 

factor in the risk of post-operative delirium (Van der Mas& Fekkes, Moleman. & 

Peppliukhuizen. 1992). Surgery, partieulady after a prolonged illness, induces a catak 

state. Plasma arninoacids in seven postcardiotomy delirious patients were comparai w 

two control groups (surgicai and healthy). The mean plasma tryptophan concentratioru 

were significazltly lower in the deIirious group than the two control groups (Van der Mi 
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Fekkes. Moleman. & Peppiinkhuizen. 199 1). Tryptophan is the precursor of serotonin, 

Serotonin is a neurotransmitter invoIved in funcrions such as aggressive and impulsive 

behaviour, mood, motor activity and sleep. The amowit of functional serotonin in the 

centrai nervous system is dependent on such factors as the vansport of its precursor 

wptophan across the blood-brain barrier. Van der mast et al- (1991) hypothesize that a 

catabolic state rnay reduce the transport of t-ptophan because aminoacids that compere 

with tryptophan (i.e.. valine. isoleucine. leucine. tyrosine. phenlalanine) for rhe rranspoi 

carrier at the blood-brain barrier are increased due to degradation of muscle pmteins- 

Funher. the concentration of tlptophan may be reduced because of induccion of 

tryptophan pyrrolase (Van der Masr. Fekkes, Moleman. & Pepplinkhuizen. 1991). T'hi5 

theory of increased cornpetition for the transport-carrier by competing amino-acids has 

recentiy been challenge& as the delirious and control groups did not difEer in the 

circuiating levels of these amino acids (Badawy. 1991). Others have suggested the 

decreased tryptophan concentrations may be due to immunostimulation caused, for 

exampie, by blood transfiisions (Weiss, Wernec Werner-Felmayer, & Wachter. 199 1 ). 

The role and impact of reduced tryptophan availability on the development of delinum 

remaius unclear, however, replication of the study with larger groups of patients is 

warranted. 

Summarv. 

Our present understanding of the etiology of delirium rernains far h m  complete. 

Changes associated with aging, compounded by additional factors such as a high 

hquency of disease and prevalence of chronic diseases among the elderly, appear to 
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contribute to the increased risk of delirium in this age group. [t is apparent. however . 

that many of these changes are not currenrIy amenable to intervention. Thus. a focus c 

environmentai risk factors could be the most worthwhile pursuit for an immediate imp 

2.5 Detection of Delirium 

The diagnosis of delirium is a clinicai one that is based on direct observation of i 

patient. collaterai sources of information. awareness of the patient's baseline mental st 

and current physicai problems. Incorpora~g formal mental status testing into an 

evaluation may uncover subtle disturbances of attention. orientation and memory that 

might otherwise be missed (Kane. Ousiander. & Abrass. 1994). 

Efforts to detect delirium have been hindered by several factors. inciuding the 

fluctuating nature of delirium, the wide variety of clinical features (hyperactivity to 

hypoactivity), the importance of history to ascertain duration, and the wide variety of 

diseases and conditions that predispose an individual to delirium. 

Researchers have used a variety of instruments to detect delirium. The primary 

methods have been the same ones used in the detection of cognitive impainnent. Men 

status questionnaires such as the Miai Mental State Examination (MMSE) have been 

found to be usefid screens for dementia or delirium, but lirnited in the ability to yieid a 

differentiai diagnosis between these conditions (Anthony, LeResche, Niaz, Vonkorff, 4 

Folstein. 1982). Whiie cognitive impairment is necessmy for the diagnosis of delinun 

is not suficient. Thus, use of a mental status questionnaire alone is not sufncient to 

differentiaîe between acute and chnic  impairment. Con features of delirium, such ai 

fluctuating behaviour, ability to maintain attention, and perceptuai disturbances are no1 
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rapped by sucb questionnaires (Levkoff, Liptzin. Cleary. Reiily. & Evans. 1 99 1 ). h 

additional difficulty is that many deiirious patients are not able to respond to the questia 

conmined in a mentai status questionnaire and must be assessed by observation. 

The chicai  interview remains the method m o s  widely relied upon to detect 

delirium in research studies (Levkoff. Liptzia Cleary, ReilIy, & Evans. 1991). 

Unfowte iy ,  observation bias is introduced by subjective opinions fiorn clinical 

interviews. Udess an objective, formal method of assessrnent is undenaken. many 

episodes of delirium rnay be misse& For exampie. in a sample of 50 patients meeting 

DSM IIX-R criteria for delirium. there were 121 episodes of acute conhion i Francis, 

1992). Physicians noted the confùsion 6 1% of the time while nurses noted the coufùsioi 

74% of the the .  It is not known how many of the 50 patients were diagnosed with 

delirium using a combination of medical records and nursing notes; however, in 22 

episodes. only the nurse documented confiision (Francis. 1992). In a compatison of dail 

progress notes versus psychiatrie interview results, it was found that physicians and 

nurses rnissed 28% of patients with postoperative delirium (Gustafson, Brannstrom, 

Norberg, Bucht. & Winblad. 1991). Diagnosis of delirium was fkquently rnissed on the 

conventional workup of Emergency Departments, in that oniy 17% of delirium cases we 

properly diagnosed (Lewis, Miller, Morley, Nork, Br Lasater. 1995). One hundred and 

thirty three consecutive admissions to an acute medicai ward were assessed. Fifteen cas 

of delirium were diagnosed, but only one of these had been detected by the admitting 

physician. Thus, the standard clinical assessrnent or a review of medicai records alone 

does not appear to be an effective case-fincihg method. 
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Since the publication of DSM-III criteria studies typically have relied on this or 

DSM-III-R criteria: however. few snidies have operationaiized these critena. In order to 

be usefui in the diagnosis of delirium. a diagnosic ifl~tntment shouid be: 

1. validated specificaily for use in delirium: 

2. capable of distinguîshing deiiriurn h m  demenua: 

3. capable o f  assessino the muitiple features of delirium: 

4 feasible to use wich delirious patients (Inouye. 1994). 

T h e  published insmiments developed to idem* delirium fiilfiI this criteria - the 

Confusion Assessment Method (Inouye. VanDyck Alessi. Balkin. Siegai. & HoNvirz. 

L990), the Delirium Rating Scaie (Trzepacz. Baker, & Greenhouse. L988), and the 

Delirium Symptom interview (Levkoff, Liptzin. Cleary, ReilIy, & Evans. 1991). These 

hstmments wiU be examined in M e r  detaii. Two masures of the validity of a 

scteening measure, sensitivity and specificity , will be descnbed. Sensitivity is defined a 

the probability of being classineci as delirious if delirium is tmly present. Specificity is 

the probability of not beiig chsified as delirious when delirium is absent- 

The Confiision Assessment Method ( C M .  

The CAM instrument consists of nine operationalized criteria fiom DSM-III-R 

Some of the interview questions were designed to be answered on the basis of 

interviewers observations; therefore, a patient who is too sick or non-communicative can 

also be assessed through these betiaviod observations. The CAM can be completed in 

l e s  than five minutes, based on information obtained h m  the interview, a review of the 



medicai records. and au interview with the primaq nurse. Althou@ based on DSM-IEI- 

criteria the CAM agrees closeiy tvith the current DSM-IV criteria 

The CXM t a s  validated for use by physicians. although it is suggested that a 

trained lay or clinical interviewer cm use the tool (Inouye. 1994). Subsequent studies 

used a trained Iay interviewer (Marcamouio. Goldman. Wgiùne. et ai. 1994) and traint 

cihicians (Inouye. Viscoli. Horwitz Hum. & Tinetti. 1993). The prospective validatioi 

study of the CA! was conducted in generai medicine wards and an outpatient geriatric 

assessrnent center. Fifty six subjects were inchdeci. ranging in age fiom 65 to 98 years. 

The CAM was found to have a high sensitivi~(lOO%. 94%) and specifkity (95%. 90% 

in both settings when compared with psychiatrists ratings (houye, VanDyck Alessi. 

Balkin. Siegal. & Horwitz 1990). Convergent validity was established by comparing 

CAM ratings with the Mini Mental State Exam (k = 0.59), the Visuai Analog Scale for 

Confision (k = 0.82) and the digit span test (k = 0.66) (Inouye, VanDyckAessi. Balkin. 

Siegal, & Horwitz. 1990). The lack of complete agreement d e c t s  the fact that the CA1 

measures aspects of delirium that are not tapped by the other indexes. Interobserver 

reliability was evaluated for 19 paired assessrnene. There was 100% agreement for the 

presence of absence or delirium. Inter-observer reliability of the CAM was tested in a 

separate study of surgical patients. Two independent investigators agreed on the pxeseni 

or absence of delirium according to the CAM algorithm in 85 of 86 patients testai 

(kP0.90) (Marcantonio, Goldman, Mangione, et al. 1994). 



The Delirium Ratine Scale f DRSl 

The DRS is a 10 item scaie validated for use by psychianists. Information avaiis 

fiom the patient interview- mentai sranis examination. medical history, laboratory tests 

nursing observations. farniiy reports and other information is used to complete the tool 

(Trzepacz Baker. & Greenhouse. 1988). Compared to patients with dementia 

schizophrenia and normal conuoi goups, 20 patients with dehium scored sienificantl] 

higher on the DRS (Trzepacz. Baker. & Greenhouse. 1988). Unforninately, the scorin! 

relies on skiiied clinical judgments based on unstrucnued clinicai assessments fiom 

multiple sources. making the tool difficuit to standardize and expensive to adrninisrer. 

The Delirium Svmmom Interview i DSI). 

The DSI is a mol based on approximately seventeen questions for the patient 

interview foiiowed by the same number of questions to be completed by the research 

assistant following the interview. The DSI has been validated for use by a trained non 

clinicai interviewer. The DSI can be administered to a noncommunicative patient. an 

advautage many screening tests do not share (Levkoff. Lipnin. Cleary, Reilly, & Evan 

1991). The DSI was found to be highly sensitive (90%) and specific (80a/o) in a sampl~ 

50 patients when compared with assessments by a geriatric psychiamst and a neurolog 

(Levkoff, Liptzin, CIeary, Reiiiy, & Evans. 1991). Interrater retiabiiity with trained 

~search assistants was high (k =O.go). The DSI is lengthy and detaiied. 

summarv* 

In summary, thete are three delirium assessrnent twls witb evidence of 

psychometric reliabiiity and vaiidity. The DRS requires extensive resources, and is ba 
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on unmctured assessments. The CAM and DSI are standardized easy ro adrninister. 

and require approximately 5 to 15 minutes respecuvely to complete. In addition, the 

CAM fiilfils the requuements for DSM-IV. 

2.6 Prevaience. Incidence & Time of Onset of Delirium in the Hos~itaiized Elderlv 

Despite the number of snxdies undertaken. the incidence and prevalence of deliriui 

in the hospitalized elde* remains unciear. Prevaience quantifies the proportion of 

individuais in a population who have the disease at a specific point in urne (Hemekens , 

Buring. 1987). in this case. prevalence is defhed as those individuals experiencing 

delirium on admission to hospital- In contrast. incidence is the number of individuals 

without deiirium on admission who go on to develop delirium at some point while in 

hospital. In prospective studies, prevalence of deiirium in hospitalized populations 

ranged h m  .1% to 33% whik incidence ranged h m  7% to 52%. The variability 

rcgarding prevalence and incidence estimates can be related to imprecise diagnostic 

criteria, dinering patient populations and different inclusion and exclusion criteria Giv 

the possible influence of these factors on the risk of delirium, it is not surprising that a 

cange of prevalence and incidence rates are reported. The infïuence of these factors on tl 

prospective studies that have been undertaken wili be described. Prevalence and 

incidence rates, study population, study duration, age, and cognitive impairment status c 

patients in the prospective d e s  that have been undertaken are shown in Table 2. 

b~rec i se  diaanostic criteria- 

'Ihe imprecision in diagnostic criteria is related to the use of instruments to detect 

dciinurn that have not been vaiidated for delixium. Most studies do not speciQ 
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Table 2 
Prevalence and Incidence &tes of Delirium 

fnveniguor Populiuïon Sampfc Size Age Study tncidence Pmralencc Cogniriv 
Duration impairml 

Inouye dr ~Mtdiui  ri1196 r70-  8 1 8% 5% Yes 
Chapcntier 
i tg961 

O'KccRe & Acutc Grriatric n=LOO * NS 18 18% 1 8% Yes 
Lavan I 1996) Unit 

Pompci et ai. .Medical. Surgical n 4 3 2  2 65 yrs 20 10'90 5% 30 
i 1%) 

Inouye et ai. iMcdicai n=107 1 70 yrs IO 15% *NS Y# 
(19931 

Rockwood Guiauic n=l68 *NS 12 7% 18% Yes 
( 19931 Assesment Unit 

Schor et al. M a i i c a V S ~ ~ c a l  n= 29 1 265 yrs 24 31% 10.5% Yes 
( 1992) 

Francis et al. Mcdicai n=î29 270 yrs 12 6% 15.7% Ycs 
( l m  

Forman Mcdiai n=7 1 r 60 yrs *NS 38% *NS No 
( 1989) 

*NS= not spccificd 



opemionai critena for delirium. and those that do so use clinical interviews (Cameron 

Thomas. Mudvihiil. & Bronheim. 1 987: Erkinjuntti. Wikstrom. Br Palo. I 986: Francis. 

Martin- & Kapoor. 1990: Johnson. Gottlieb. SuKvaa et al. 1990: Rockwood. 1989) or 

ciinician-rated scales (Trzepacz Baker. & Greenhouse. 1 98 8: Williams. Campbell. 

Raynor. Musholt. Miynarczyk. & Crane. 1985) that often lack standardization and may 

difncult to replicate. In one study, any error on the MMSE was considered evidence ol 

potentiai impairment (Francis, Martin. & Kapoor. 1990). SimiIarly, 5 1.5% of patients 

undergohg onhopedic surgery evidenced "sornë confusion post-operatively and were 

ciassified as delirious(Wil1iams. Campbell. Raynor. Musholt. Miynarczyk. & Crane. 

1985). Patients who were not able to state the exact date were included within this 

category. There was a 28% incidence of delirium in a study of elective orthopedic 

surgical patients (Rogers, LIang, Daltroy, et al. 1989). This included patients who wok 

up during the night and believed they were in a different place or situation for five to te 

minutes (Rogers, Llang, Daltroy, et al. 1989). The criteria used in these three snidies 

would serve to eievate the estimate of incident delirium. 

DiEerences in studv ~o~ulations. 

Some ofthe ciifferences in incidence and prevaience may be attributed to the 

population snidied. For example, higher prevalence rates of deLiritun may be found in 

patients r e f e d  to psychiatry . However, due to the possib'ity of a referral bias inheetr 

in consultation s e ~ c e  snidies, an accurate denominator for calcdating incidence and 

ptevaience m o t  be estabfished. 



Other snrdies nith bghiy defined patient populations may be evected to have 

diverse estimates of prevalence and incidence compared with a more generai medical i 

surgical popuiaùon. For example, 28% and 30% of patients admitted to an acute-care 

geriauic unit deveioped incident delirium (O'Keeffe & Lavan. 1996). Althou& this 

incidence appears hi& only those who were fiai1 and dependent in activities of daily 

living were admitted to the unit. As severity of illness and decreased activities of daik 

living scores have been found to be important risk factors in some studies (Francis. 

Martin, & Kapoor. 1990; houye, Viscoli. Horwia. Hurst. & Tmetti. 1993), this may 

serve to elevate the incidence of delirium. 

An incidence of 41% was found in patients undergohg bilaterai knee replaceme 

silrgery. This surgery is very lengthy, and associated with high postoperarive paia am 

morbidity (Marcantonio, Goldman, Mangione, et ai. 1994) and thus may be different f 

findings in a general surgical population. Furthe- at least four patients were diagnose1 

delirious in the recavery room immediately following surgery. More conservative m 

of surgical patients did not assess for deiirium for a minimum of eight hours pst- 

operatively ( G h o n ,  Berggren, Brannstrom, et al. 1988; Marcantonio. Goidman 

Mangione, et ai. 1994; Rogers, Llang, Daiîroy, et al. 1989) due to the effect of anesthe 

Variations in inclusion and exclusion criteria. 

Inclusion and exclusion cnteria Vary widely between d e s .  A combination of 

factors in the inclusion and exclusion cnteria may influence the estimates of incidence 

and prevalence. In a study of elective surgical patients, individuals with cognitive 

impainnent were exc1uded h m  the study (Marwitonio, Goldman, Mangione, et al. 
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1994). As cognitive impairment is a weil-kno\vn risk factor for delirium. this criteria 

wouid decrease the incidence of delirium- Cn addition. patients were 50 years of age ani 

older. Thus. the punger age groups would contribute to the denominator and yet. with 

mch a iow incidence. are not "at hi@ risk". Further. emergent and urgent cases were 

sxciuded. This may exclude individuals with higher comorbid diseases or severity of 

iiiness. factors that have been found si@cant in some studies (Francis. Martin. & 

Kapoor. 1990: Inouye, Viscoli, HoMntz Hurst, & Tiem. 1993; O'Keeffe & Lavan. 

1996), thus lowerhg the incidence of delirium. Cornbined. these factors may explain tl 

low (9%) incidence of delirium found in this study. 

ûther studies have included admissions fiom community oniy (Francis. Manin. d 

Kapoor. 1990), and thus may have iower rates. Two studies have included patients 

known to abuse aicohol, and can be expected to have a higher incidence rate of delinun 

related to the effects of alcohol withdrawal, often calIed "delirium nemens"(Pompei, 

Foreman, Rudberg, Inouye, Braun6 & Cassel. 1994; Williams-Russo. Urquhan, 

S h o c k ,  & Charlson. 1992). 

One study is remarkable in that the det'miùon of prevalent cases of delirium was 

notably different fiom al1 other stuclies. In tbis case, prevaience was defined as the 

uumber of patients developing delirium in the 72 hours following admission (Pompei, 

Foreman, Rudberg, Inouye, Braund, & Cassel. 1994). Delirium is known to develop in 

the fint few days of hospitakation, and therefore this definition would serve to elevate 

the prevalence and decrease the incidence. 



.*y combination of these factors may affecr the prevalence and incidence rates 

founa. Other factors. such as the hi& rebai rates noted in some d e s  (.Johnson, 

Gottiieb. Sullivan. et al. 1990: Rogers. Llang. Daltroy. et ai. 1989) decrease the 

generaiizabiiity of the fmdings. Furcher. a bias may be introduced as ai1 snrdies have bec 

conducted in universip teaching hospitais. It may be that these institutions receive case: 

different fiom those in a general popuiation. Thus. fmdings regarding incidence and 

prevalence may not reflect those tht wouid be found in a communiry based acute care 

facility. Given these limitations. the range of estimates for prevalence and incidence mu 

be viewed tvith some caution. 

Onset of deiirium. 

When incident delirium does occur, the nsk appears to be greatest in the füst few 

ys foliowing hospitakation. Thus, risk of deiirium in the hospitalized population 

decreases over time. Median omet for delirium following hospitalization was 4 and 6 

&ys for patients admitted to a medical unit (Inouye, Viscoli, HoNVitz, Hurst, & Tietti. 

1993). Eighty three percent and 72% of patients admitted to a geriatric assessrnent unit 

and developing delirium met the diagnostic critena for delirium within five days 

(O'Keeffe & Lavan. 1996). For patients admitted for elective surgery and experiencing 

delirium, 81% were diagnosed by day 3 in a surgical population (Marcantonio, Goldmau 

Mangione, et al. 1994). 

9 

Despite substantial variation in methods and terminology, there is some agreemeni 

conceniing risk factors for deiirium. Advanced age and preexisting underlying 
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cognitive impairment have consisxently been identified as risk factors for delirium. 

However. the majority of snidies have imponant merhodologic limitations for idenmin 

the nsk factors. These include failure to separate prevalent cases from incident cases. 

reaospective design. m e c i s e  diagnostic crireria small sample size. referrai bias. 

limitations associated with analyticai technique. and confounding by indication. 

M o u &  some of these limitations have înfiuenced prevalence and incidence estimates 

and have been described previousiy, the importance of these limitations to the 

examination of risk factors for delirium will be discussed- 

Se~aratine incidence fiom ~revaIence. 

A number of investigators examining nsk factors for the development of delirium 

did not separate incident cases fiom prevaient cases (Gustafson. Berggren, Bnuiasuoa 

al. 1988; Francis, Martin, & Kapoor. 1990; Rockwood 1989; Pompei. Foreman, 

Rudberg, Inouye. Braund, & Cassel. 1994). Prevalence quantifies the proportion of 

patients who have deiirïum at a specific point in time (Le., on admission) whereas 

incidence quantifies the number of new cases of delirium that develop over a specified 

time interval (Le.. foiiowing admission and u t i l  discharge or study end). The sepamio 

of cases of incident deiirium and cases of prevalent delirium is essentiai in order to 

evaluate the temporal sequence of the nsk factors in relation to the onset of delirium. 

That is, does the risk factor pncede the development of delirium, or is it an outcome of 

delirium? For example, although forced immobility through the application of restrain~ 

rnay increase the risk of delirium, restraints rnay be applied as a result of a delirious 



episode. -4 number of examples fiorn delirium snidies serve to M e r  illusuate this 

point. 

In a study of medical patients. those individuals with delirium on admission wec 

found to have t ' i d  and electrolyte imbalances which physicians believed to contributt 

40% of the etioloey of delirium (Francis. Martin. & Kapoor. 1990). This factor 

apparently did not conmbute to the development of delirium during hospitalization. T 

fluid and electrolyte imbaiance may be as a result of delirium. in another snidy 

combining individuals with incident and prevalent cases of delirium. the use of a wiu 

catheter was thought to be an outcome of delirium i Gustat'son. Berggren. Brannstrom. 

al. 1988). Temporal sequence is essential. however. as underscored by the findings of 

study using incident cases only. In this study population, Unnary catheters were founc 

be a risk factor for the development of d e l m  (Inouye & Charpentier. 1996). 

Retroswctive desim. 

Similar to the limitations noted with prevalent and incident cases. studies based 

retrospective design share the lack of ability to evaluate temporai sequence. In additia 

when a chart audit is used to determine the outcome (Levkoff. Safran. Cleary, Gallop. 

Phillips. l988), the identification of delirium cases wiii usually be low, as delirium ofl 

goes unrecognized by heaith care professionals (Francis. 1992; Gustafson, Brannstroni 

Norberg, Bucht, & Wiblad. 1991). 

The imprecision in diagnostic criteria and the lack of weiidefîned operational 

dennitions for symptoms have resuited in a great deal of variation between studies. A 
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vdid and reliabie instrument ensures that delirium is not combined with confusion in 

general &e.. demenua). The majority of studies did nor use a valid and reliable 

instniment for the detection of delinurn ( Foreman. 1989: Francis. Martin. & Kapoor. 

1990: Gustafson Berggrea Brannstmm. et al. 1988: Rockwood. 1989: Rogers. Llang, 

Daltroy, et al. 1989: Williams. Campbell. Rqmor. Musholt. Miynarczyk. & Crane, 198' 

The use of an instrument with unknown sensitivity and specificity for the detection of 

deiinum may not provide vaiid results. Some researchers have not used the DSM-III-R 

cnteria as the ba i s  for the detection of delirium. and instead have used instruments 

design& to detect "confusion" (Foreman. 1989). Scales developed to assess "confusion 

are limited because they do not address al1 the symptom domains required for delirium 

and may include unreiated diagnoses. Investigators that have used DSM-iIiR have 

developed operation definitions for study purposes. Some of these definitions would 

appear to be overiy stringent. For example, disorientation and memory impairment wer 

assessed using MMSE, and any emrs were considered evidence of potentiai impainnen 

(Francis, Martin, & Kapoor. 1990). The effect of this misclassification wodd be to 

increase the simiIarity between the exposed and nonexposed groups so that any true 

association ktween exposure and outcome would be underestimated(Hennekens & 

Buring, 1987). As a result, the observed relative nsk estimate may be biased towards tk 

null value of 1.0. 

Smail samble sizes. 

in some studies, s m d  sarnple sizes preclude the genetalizability of findings. 

Rogers (1989) incfuded 46 patients in a study, with only five patients definitely 
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eperiencing delirium. and eight patienrs possibly expenencing deiinurn. Althou& the 

fmdings rnight be valid for this sample. it would be inappropriate to extrapolate the 

fuidings to other populations. Further. it may not be possible to detect a me association 

due to inadequate power. 

Referral bias, 

Referral bias is illustrated in a mdy of 100 cases of delirium referred for 

psychiamc consultation. in this study, men had an increased fiequency of delirium 

(Sirois. 1988). Two types of referd bias rnay have occurred in this study. Fim. the 

hospiral rnay admit more men than women. and second males may be referred to a 

psychiatnn more f'requentiy than females because they may not be so easiiy controlled if 

they becorne aggressive in delirium. Thus, individuais referred to a psychatnn may not 

be representative of patients in a more gened medical or surgical population. and risk 

factors would not be generalizeable to this population. 

Data analvsis limitations- 

Eatlier studies were limited by an iaability to control statistically for potentiai 

confounders, because sophisticated multivariate data analysis techniques were not used. 

For example, Wilson (1972) conducted bivariate anaiysis to determine nsk factors for 

&bium. In a prospective study of 100 patients age 65 years and older admitted to a 

general surgical unit for elective SUfgezy and assessed by a psychiatcist, factors found 

signifiant at a bivariate level included physical complications (i.e., abnomai lab values, 

~ o v a s c u i a r  problems, respiratory disease, wound infection) , use of morphine, use of 

intravenous, and insertion of urinazy catheters (Millar. 198 1). It is quite likely, however, 
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that not al1 of these îàcton wouid independenriy increase the nsk of delirium when othei 

fitors siWcam ar the bivariate level are connoileh -4 muitivariate model dlows for 

the estimation of measures of association while conrrolling for confounding and 

extraneous factors simultaneously. 

Stepwise regession procedures have been utiiized in the majority of prospective 

midies undenaken to determine risk factors for delirium (Inouye. Viscoli. H o a  Htm 

& Tietti. 1 993 ; inouye & Charpentier. 1 996: Marcantonio. Goidman. Mangione. et al. 

1994; O'Keeffe & Lavan. L 996; Schor. Levkoff. Lipsitz et al. 1992; Rogers. Llang, 

Daltroy. et ai. 1989). Caution is necessary when interpreting the resdts of stepwise 

solutions. Very siight dBerences among the correlations between dependent and 

independent variables can lead to major differences in which variables enter the final 

mode1 using the stepwise approach. The importance of the variables may not be reflectec 

in the finai model obtained. 

Confounding bv indication. 

This is of particular concem in the evaluation of the conmbution of medications tc 

the development of deLitium. For example. neuroleptics have been found to be a 

significant risk factor for delirium, and yet physicians may recommend that a deliious 

paîient requites a nemleptic such as Halopido1 to protect the patients and staff, and ta 

gain control (Barton. 1981). If medication exposure is not Mted to those medications 

given prior to the development of delirium, medications given as a result of delirium ma 

be identifieci as a risk factor. Aatibiotic use provides an interesthg situation. If antibiot 

use was found to be associated with an increased risk of delirium, it wouid be difncult t( 
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detennine whether the associated infection or h e  anribiotic Led to the increased cisk of 

delirium. 

Summan-. 

In ssummary. there are a number of methodologicai limitations associated with th! 

previous studies of delirium. -4 prospective snidy. using a valid tooi to assess for 

delitium. with a muitivariate mode1 for data anaiysis provides the strongest evidence 

conceming risk factors. Therefore, those studies with a prospective design, and utilizh 

reliable and vaiid assessrnent tool wiU be reviewed in greater detail. 

2.9 Predictors of Delirium: Hosr Factors 

Overall, prospective snidies examining risk factors for delirium Vary considerabl 

in the dennitions of delirium, the population studied (e.g., medical or surgical) and the 

method used for case-fmding. Strmdies have been conducted for both explanatory and 

H c t i v e  purposes. ExpIanatory design5 have described the interrefationships betwee 

delirium, host and environmental factors. Predictive studics (Inouye. Viscoli, Horwitz 

Hurst, & Tinem. 1993; Inouye & Charpentier. 1996; Matcantonio. Goldman, Mangion 

et al. 1994; O'Keeffe & Lavan. 1996) have developed a prediction "de" in one p u p  

patients and appiied it to a separate group to evaiuate the predictive abiiity of the 

identifid nsk factors. in these snidies, findings h m  the group the prediction d e  wa! 

developed h m  (typically calleci the derivation or developmental gmup) will be 

describeci. Table 3 describes the prospective saidies undertaken to i d e n t .  risk factors 

deiùium. 



Table 3 
Prosoective Studies of Delirium 
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Table 3 
Prosnective Studies of Delirium (continued) 

ALrrHORS SMlPLE DELIRIC5I .GSESSùIL\T llYClDEWE RISI 
INSïRUBlLICT DURATIOS 

Pompc~ a ai. Medical. surgical Cliniai judgmcnu Daily *15% Xlcohol abi 
1 19941 age 2 65 yr Scrrming Unlinown durarion Cognitive 3 

1 ~ 2 6 3  Numbaof 
carcgoriu 
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inouyc dr Medical Patients CAM Evaluarion eve- 18% Physicaitu 
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Lavan ( 1996) age not spccified 48 hrs. until Scvm illnc 

1 ~ 1 0 0  diiharge Elcva~edx: 
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In the development of a prediction d e  for use in a surgicd population. 

Marcantonio et al. ( 1994) used the CAM to determine the presence of delirium in a 

sample of 876 paeents over 50 years of age admitted for major elective non-cardiac 

s q e v .  Patients u-ere approached "non-selective- based on the availability of study 

personnel with 65% of those eligible consenting and admitted to the study. Using a 

stepwise logistic regession model. age of 70 years or older. seKreponed alcohol 

probiems. cognitive irnpaimient. lower physical hction. abnormal pre-operative sodium 

potassium or glucose ievels. aortic m s r n  surgery and noncardiac thoracic surgery 

were found to be independent correlates o f  post-operative delirium (Marcantonio. 

Goldman. Mangione. et ai. 1994). The lack of a random sample is a senous limitation ol 

this study, althou& the authors state that every attempt was made to approach a 

rcpresentative sample including old or sicker patients (Marcantonio, Goldrnan, Mangione 

a al. 1994). There was no attempt to evaiuate the comparability of this convenience 

sample to those eligible. limiting the generalizability of these hdings. 

In a similar type of study, O'Keeffe & Lavan (1996) utïlized the operational 

definitions of DSM-III criteria developed at the University of Pennsylvania in a 

prospective study of 184 patients admitted to an acute-care geriatric unit. One hundred 

patients were classified into a derivation group following mniitment but pnor to data 

anelysis. It was not stated how this classificafion occurred. Patients underwent copnitiv( 

assessrnent every 48 hours. Chmnic cognitive impairment, severe iliness and serum um 

-ter thaa 10mmoV1, w m  found to be significant predictors of delirium when a i r a l p  

in a stepwise logistic regression model (OKeeffe & Lam. 1996). The risk associated 
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with dependence in ADL could not be assessed as al1 patients adrnitred to the unit wer 

dependent in MIL. 

Inouye et ai (1993) deveIoped a predictive mode1 for the occurrence of incident 

delirium in hospitalized elderly medical patients admitred fiom emergency (n= 107). 

Vision impairment. cognitive impairment. severe illness and a measure of dehydratior 

were significant predictors of delirium ( inouye, Viscoli. Homitz Hurst. & Tinerti. 19 

Vision impairment was defied as comcted vision worse than 20/70 on both near am 

distant binocular tests. The low prevalence of vision impaiment (n=6) results in unst; 

point estimates with widened confidence intervals. and therefore requires further 

evaluation to determine predictive ability. ;Uthou@ there is some support for the beli 

that dehydration is a risk factor for delirium (Seymour. Hensciike. Cape, & Campbell. 

1980), no absolute definition of dehydration exists and the evaluation of dehydration i 

pmblematic in the elderly (Weinberg & Minaker. 1995). In this study, a s e m  urea 

nitrogen (SüN)lcreatinine ratio of 18 or more was defined as indicating 

dehydration(Inouye, Viscoh, Honivitz, Hurst. & Tmem. 1 993). Clinically, a 

SUN/creatinine ratio of 25 or more is suggestive of dehydration: however, other 

conditions that occur in elderly patients such as renai vascular disease can increase thi 

ratio even though dehydration may not be present (Weinberg & Minaker. 1995). Thu! 

nuiy be that dehydration is not the risk fiutor, but that a high SüNlcreatinine ratio is a 

non-specific indicator. It is not known whether an increase in either SUN or creatinin 

independently increased the risk of deiirium. 



Contrary ro other prospecuve sudies. age \vas not found to be a significant 

predictor of delirium in h e  preceding study (Inouye. Viscoii. Horwitz. Hursr. & Tietri 

1993). The authors sygest the effect of age may have been removed by controlling fo 

factors associated with agine, such as illness severiw. Aitemate expianations incIude t 

eligibility critena with an age cutoff of 270 years resulting in a narrow age range 

represented or the fact that age was andyzed as a binary variable. Age was dichotomi 

at age.80 years which may have negated the independent conmbution of age when 

analyzed as a coatinuous variable. 

Two hundred and ninety one patients aged 65 yem or older and adrnitted to gent 

medicd or surgical wards were prospectively foilowed for 14 days or until 

discbarge(Schor, Levkoff, Lipsitz et ai. 1992) in an exploratory study of risk factors fc 

delirium. Prior cognitive impairment, age over 80 years, fiacture on admission, 

symptomatic infection, and being male were the admission characteristics found to be 

significant predictors of deIirium (Schor, Levkoff, Lipsitz, et al. 1992). AIthough not 

labeued as deliious, a large number of individuals (n=l10) panidly met the criteria fo 

delirium in this study. It is not known what "partially met" entails. As this study was 

based on DSM-III criteria it may be that the criteria were overly restrictive. 

sluma!L 

in summgrv, the specification of host risk factors has been Iimited by the use of z 

wide variety of criteria to define deürium. Some of the ciifferences in reported fmding! 

may be atûibuted to différences in casehding methods. In addition, the wide variety ( 

patient populations studied would be expected to contribute to variances in reported 
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fïndhgs since patient selection criteria such as age and CO-enitive impairment have been 

consistentiy associated wirh an increased risk of delirium. Factors such as severin. of 

illness- functional impairment. abnomal laborarory values- specific surgery  es. 

sensory impairment, a measure of dehydration- h t u r e  on admission. Section and bei 

maie have been found to be significant predictors of delirium Ln at ieast one of the 

prospective snidies using a vaiid and refiable instrument. 

2.10 Predictors of Delirium - Environmental Factors 

intoxication with medical dmgs is hypothesized to be the mosr fiequent single 

cause of delirium (Lipowski. 1983). Many other factors occuning during hospitaiizatio 

have been proposed as environmental risk factors for delirium. Theoreucally, it may be 

tbat unfamiliar sensory inputs h m  the hospital environment are not correctly perceivec 

as they cannot be adequately integrated with previous experience. However. th= are 

ody two prospective studies that have examined hospitalization-related risk factors in 

more detail (Foreman. 1989; Inouye & Charpentier. 19%). Only one study utiIized a 

valid tool for delirium assessrnent (Inouye & Charpentier. 1996). in the present review. 

the evidence regarding delirium associated with medication use will be reviewed. The 

iimited findings regatding hospitakation-reiated risk factors will be reviewed, briefly 

describing hypothesized factors followed by findings fiom the prospective studies. 

Medications. 

Medications are considered the most common reversible cause of delirium and an 

believed to contribute to 22% to 39% of cases of delirium (lnouye. 19%). Medications 

art an important area of study, in that they are a potentially m m a b l e  risk factor. in oi 
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study. pharmacoroxic psychoses developed in 23% of eideriy patients sufferine - h m  

chronic cerebrai disorders. however the retrospective design did nor connol other facroi 

that may influence delirium (Danielczyk. 1984). In this case. confounding by hdicario 

may play an important roIe. 

r\nti-choiinergic medications are of pmicular interest as a risk factor for delirïurr: 

failure of central nervous system cholinergie transmission is one of the posnrlated 

pathophysiological mecbanisms for delirium. Several case reports and one smdy (Brize 

& Manning. 1982; Bernstein & Leff. 1967; Berggren. GuStafson. Eriksson, et al. 1987) 

have associated anticholinergics with delirium. In the only prospective srudy to identif 

this association. anticholinergic medications as a class significantiy influenceci post- 

operative delirium when compared to ail "reguiar" medications (pc.005) (Berggren. 

Gustafion, Eriksson, et al. 1987). It is not known what constituted "reguiar" medicatio 

and the description of the analysis of the independent conmbution of medication-relate1 

risk factors is not welldefined. Anticholinergic medications as a cIass were not 

signifïcant predictors of delirium in a nwnber of prospective studies (Francis, Martin. 8 

Kapoor. 1990; Marcantonio. Juarez. Goldrnan, et al. 1994; Schor, Levkoff, Lipsitz et a 

1992) and oniy weakly sigaificant in one study cornbUiing patients with incident and 

prevalent delirium (Gustafson, Berggren, Brannstrom, et aI. 1988). However, speciiic 

medications known to have an anticholinergic effect have been signifïcandy associated 

with the development of delirium. In a large, prospective study of elderry patients 

admitted to a medical or surgirai unit, the use of a neuroIeptic during hospitaihion wi 



an independent rïsk factor for delirîum~ Schor. LevkoK Lipsitz et al. 1992). Some 

neuroleptics are known to have an anticholinergic effect. 

In a study of elderiy patients admirteci for e1ecur.e surgery. ueatment with 

propranolol. scopolamine. andfor flurazepa.cn was a sigdicant predictor of delirium. 

ScopoIamine is an anti-choiinergic medication: however. it is not known why these 

panicular medications were combined as they do not belong to one medication class. 

may be that one of these medications had an independent contribution to the risk of 

delirium, however the smail sample size (1146) Iimited the power to detect a significa 

ciifference. 

Although not prescribed as an anticholinergic. meperidine was originaily develc 

as  an anticholinergic agent and only Iater serendipitousiy found to have narcotic 

properties (Marcantonio, Juarez, Goldman, et al. 1994). Meperidine was found to hav 

significant association with delirium in a sample of surgical patients(Man:antonio. 

Juarez, Goldman. et al. 1994). Although previously associated with deIirium in sever; 

case reports (Eisendrath, Goldman, Douglas. Dimateo, & VanDyke. 1987; Bernstein d 

Leff. 1967), this was the fïrst prospective study to find a signifiant association. The 

majority of previous studies anaiyzed medication classes, and not specific agents. 

Meperidine is a commoniy used narcotic analgesic. The metabolite of meperidine, 

nomieperidine, is active, has a long half-life, and is idiosyncraticaily metabolized by t 

liver, ailowing the accumulation to toxic Ievels in patients receiving continuous 

meperidine (Marcantonio, Jurez, Goldman, et al. 1994). Thus, this specific narcotic 

anaigesic is important to evaluate. Narcotic use as a group was not significant in this 
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study: however. because 94Oh of the study sampie received a narcoric. this tinding is n 

surprising. Narcotic use was found to be a signifïcant predictor of delirium in a sampl 

325 patients admitted to a medicd or surgical unit (Schor. Levkoff. Lipsitz et al. 199: 

Other medication cIasses found to increase the risk of delirium include psychoai 

dmgs and benzodiazepines. Use of psychoactive dmgs was found to be significantly 

associated with delirium in a sampie of medical patients (Francis- Muianin & Kapoor. 

1990). However, as both incident and prevalent cases were combined it is unknown 

whether this medication chss preceded the development of delirium. The use of 

benzodiazepines was sionificantly associated with delirium in a case-control study of 

elective surgical patients (Marcantonio, Juarez Goldman, et al. 1994). The authors 

suggest that the longer acting benzodiazepines have a stronger association with delirii 

compared with the short acting. However, the associated confidence intervai includes 

indicating a nul1 value and thus precludesthe signifïcance of this findkg. 

Number and type of admission medications were not significant in those studies 

analyzing this variable (Francis, Martin, & Kapoor. 1990; Inouye, Viscoli. Horwitz, 

Hurst, & Tietti. 1993; O'Keeffe & Lavan. 1996). However, number of medications 

received in-hospital has been found to be significantly associated with delirium in the 

studies aaaiyzhg this variable. In a sampie of 71 medical patients, those patients 

receiving more medications were found to be at greater risk for developing deiinum 

(Forem. 1989). in a sample of 196 elderly patients admitted to a medical unit, the 

addition of more thau thtee medication types prior to the onset of delirium signifiant 



increased the risk of delirium (Inouye & Charpentier. 1996). Thus it may be that rïsk of 

delirium increases with number of medications administered regardless of specific class. 

Summarv. 

In summary, the role of medications as a rkk factor for the development of delirium 

is presently not clear . A synthesis of the evidence to date leads one to conclude that 

medications play a role in the deveiopment of delirium. however it may not be as large as 

originally hypothesized. Although medications with an anticholinergic effect have not 

been significantly associated with delirium when anaiyzed as a class, individuai agents 

known to have anticholinergic effects have been found to be significant. Other 

medications found to be significant in prospective studies based on patients with incident 

delirium include narcotic d g e s i c s  and benzodiazepines. In addition, the number of 

medications received while in hospital may be a sigdïcant risk factor. 

Psvchosocial factors. 

In an early study, postoperative deiirium was significantly associated with sensory 

deprivation (Wilson. 1972). Unfortunately, this study did not control many of the factors 

known to influence delirium (Le., age, underlying illness), delirium was not well defmed, 

and a retrospective chart review was utilized. As the two sites involved in this study were 

staffed with different nursing staff, clifferences in charting rnay be a possible explanation 

of this fïnding. Other factors that have been identified in early studies using bivariate 

analyses or case studies include dehydration (Seymour, Henschke, Cape, & Campbell. 

1 MO), acute urinary retention (Blackburn & Dunn. 1990)and room transfers during 

hospitaiization (Mattice. 1989). 



Few prospective studies conducted have included environmental risk factors. Thus, 

these studies will be reviewed in greater detail, 

Seventy one medicai patients over age 60 were foiiowed and interviewed daily for 

eight days using a clinicai assessment of confusion tool. Although the confùsion tooI was 

developed to assess delirium. only concurrent vaiidity with a mentai status questionnaire 

was evaluated. Delirium developed in 38% of patients. In addition to abnormal lab 

values and low blood pressure, Foreman (1989) identified two environmentai factors as 

significant predictors of delirium. Patients with delirium had more orienting objects 

(newspapers, timepieces. radios. televisions. and the presence of personal belongings) in 

their immediate environment. and fewer interactions with significant others. The finding 

that contùsed patients had more orienting objects may have been an attempt by famiIy 

and staff to orient the patient, and thus a consequence of the confùsionai state. Further, 

whether or not the orienting objects were actively used is not known. The second risk 

factor, interaction with signif~cant othm, was measured by the patient's nurse providing 

an estimate of the number of visitors and the length of visit (Foreman. 1989). Those 

individuais with fewer interactions with visitors were found to be at greater risk for 

developing delirium (Foreman. 1989). At a bivariate level, Inouye et al. (1993) found 

that individuals with six or fewer social supports, defined as the number of children, close 

relatives or fiiends seen at les t  once a month, were more likely to develop delirium. 

Individuals with either one type or no instrumental, emotional or confidante support types 

were more likely to develop delirium. Social support has been found to be protective for 

a variety of adverse events including institutionalization and mortality (Steinbach. 1992). 
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A study on the precipitating or environmentai factors for delirium in hospitalized 

elderly persons admitted to a medical unit through the emergency service was recently 

published (Inouye & Charpentier. 1996). Potential environmental factors for delirium 

were a priori classified into four axes: h o b i l i t y ,  medications, iatrogenic events and 

intercurrent illness (Inouye & Charpentier. 1996). Those variabIes with clinical 

relevance, a relative risk of 1.5 or greater and meeting the statistical selection criteria in 

forward and backward-stepping algorithms ( p l  -10) were selected as  the optimal variable; 

h m  each axis. Hospital day, categorized into three groups ( i3,4-6 and 7-9) was 

included in each model to account for the declining risk of delirium over time. The 

inclusion of this variable within the predictive model is difficult to interpret. Although al 

prospective srdies of delirium support the fact that, unlike most iatrogenic hospital- 

related events, the greatest risk of delirium appears to occur early in the hospital stay, the 

inclusion of day as an independent predictor of delirium is difficult to interpret. included 

within this variable are those individuals who are discharged early (and presurnably less 

likely to develop delirium). Hospital day also includes the &y that delirium developed 

and is, in fact, a response variable. It is important to note, however. that a logistic 

regession model and a proportiod hazards model produced similar results, and the samt 

final variables would have k e n  selected using either strategy (Inouye & Charpentier. 

1996). 

Once the significant variables within each axis were identified, they were entered 

into the final model. At least one factor fiom each axis had to be included in the final 

model, as the researchers made an assumption that each axis is important in the 
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development of delirium (inouye & Charpentier. 1996). Five independent risk factors for 

delirium were identifïed: use of physical restraints. malnutrition, more than three 

medications added, use of bladder cathete. and any iatrogenic event. The risk factor 

"malnutrition" was based on a serum albumin of less than 30glL. However. 59% of study 

patients were missing serum albumin levels, and were classified as not at risk. 

Hypoalbuminaemia is also a non-specific marker of underlying disease. and therefore 

rnay not truly represent malnutrition. 

This mode1 did not control age, cognitive impairrnent or any of the factors 

determined as admission characteristics. because the authors were only interested in 

environmental factors. Given the current state of knowledge regarding hospitalization- 

reiated factors for delirium, determinhg a priori those factors that make an important 

contribution to delirium may not be a defensibie position. It may be that it is a 

combination of factors that increase the risk of delirium, or factors that were significant at 

the bivariate level and were not included may have provided a better fit, and made an 

important contribution to our understanding. 

Summarv. 

in surnrnary, environmental risk factors other than medications that have been 

significantly associated with delirium in prospective studies include number of social 

contacts, number of orienting objects, use of restraints, malnutrition, use of a bladder 

catheter, and any iatrogenic event. An important limitation of the majority of prospective 

studies is that the interaction between environmental and host factors has not been 

assessed. The assumption is made that an environmental factor will have the same effect 
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r e g d e s s  of host risk factors. It is probable that delirium is far more cornplex. and 

environmentai factors rnay interact with host factors. 

2.1 1 Outcomes of Delirium 

Mortality, longer hospital stay, and risk for institutional placement continue to be 

cited as adverse outcomes associated with the diagnosis of delinun (see for example, 

Inouye & Charpentier, 1996). However, studies examining these outcomes are not 

consistent. 

In an attempt to delineate the prognosis of elderly hospital patients with a diagnosis 

of delirium, Cole & Primeau (1993) undertook a meta-analysis of eight research studies. 

Overall, they note that no study controlled for treatments during delirious episodes in 

order to account for their effect on outcome, nor was the outcome assessment blind. Tt is 

advantageous to have biind outcome assessment to ensure that observation bias has not 

occurred. An observation bias may arise when the investigators elicit or interpret the 

information differentidly knowing the delirium status. For example, it rnay be that 

knowing the delirium status of the individual, an investigator evaluates a functional 

assessment as lower, or seeks additonal information that tvould not have been sought if 

the individual did not have delirium. 

Compared with unmatched control subjects, the meta-analysis revealed that patients 

with delirium had longer hospital stays, higher mortality rates at one month, and higher 

rates of institutionalized care at one and six months. This hding is at odds with the 

conventiond clinical belief that delirium is a transient condition with a good prognosis. 

However, there are definite limitations to meta-analysis (Spitzer. 199 l), and this analysis 
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is no exception. For example, the authors identified the fact that the eight studies chosen 

used different methods of determinhg delirium, with only one of the studies using a valid 

and reliable tool for assessùig delirium(Co1e & Primeau. 1993). Combining the lindings 

fiorn these studies may not be valid. Further. although the authors identified outcomes 

such as increased mortality and institutionalizatioi the most serious limitation with 

studies examining the effect of delirium on outcomes is the failure to adjust for 

confounding or modifwlg factors. Confounding occurs when an observed association (or 

lack of one) is due to a &g of effects between the exposure, the disease, and a third 

factor that is associated with the exposure. and independently affects the risk of 

developing the disease (Hennekens & Buring. 1987). For example, although delirium has 

been found to increase mortality, a confoundir?g factor is severity of illness. Severe 

illness has been found to inçrease the risk of delirium (Francis, Martin, & Kapoor. 1990; 

Inouye, Viscoli, Horwitz, Hurçt, & Tietti. 1993; O'Keeffe & Lavan. 1996) and also 

independently to increase the risk of moaality. Thus, confounding can lead to either the 

observation of apparent Merences between groups when they do not t d y  exist, or 

conversely, the observation of no difference when there truly is a difference (Hemekens 

& Buring. 1987). In order to determine the independent contribution of deIirium to the 

risk of rnortaiity, independent predictors such as age, gender and severity of illness or 

comorbidity rnust be controlled. Ody two of the studies included in the meta-andysis 

controlled for the influence of illness severity on prognosis. Thus, combining these 

studies for the purposes of meta-analysis may provide a misleadhg interpretation. 



An alternative to meta-analysis may be to use a "best-evidence synthesis" (Slavin. 

1986). In rhis case, one wouid consider the evidence Tom snidies having the highest 

interna1 and extemal vaiidity. The main outcornes associated with delirium will be 

reviewed with this consideration. 

Mortalitv. 

An ofien cited study of delirious patients found higher fatality rates for delinous 

patients as comparai to demented, cognitively intact or depressed patients (Rabins & 

Folstein. 1982). Other studies using bivariate level analyses found similar results 

(Gustafson. Berggren, Brannstrom, et ai. 1988; Guze & Cantwell. 1964). UnfortunateIy, 

confounding factors such as age and comorbidity or severity of illness were not 

controlIed. This shortcornhg is not Iimited to early studies, as more recent studies 

continue to report only bivariate level significant ciifferences in mortality (Levkoff, 

Saibn, Cleary, Gallop, & Phillips. 1988; Marcantonio, Goidman. Mangione. et ai. 1994). 

Mortaiity rates may appear higher in patients with delirium as the presence of delirium 

rnay indicate significant underlying medicai problems. 

An increased risk of rnortality was detected at the bivariate level in a large study 

(n=29 1) using a validated instrument to detect delirium (Levkoff, Evans, Liptzin, et ai. 

1992). M e n  age, gender, pre-existing cognitive impairment and severity of illness were 

coniroiled, no independent increased risk of mortality (measured at six months) was 

associated with deiirium (Levkoff, Evans, Lipîzin, et al. 1992). Similariy, in a study 

using clinician assessrnent of delium in a medicai population of patients aged 70 years 

and older, an increased risk for mortality two years following discharge was found at the 
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univariate level (Francis & Kapoor. 1992). Once came. baseline ADL, and initiai 

cognitive impairment were controiled, delirium faifed to have a significant, independent 

effect on survival (Francis & Kapoor. 1992). in a sample of 225 elderly patients admittec 

to a genatric unit, a higher mortaiity during hospitaihtion and at six months was 

observed (O'Keeffe & Lavan. 1997). Once again. in multivariate analysis controiling for 

age, illness severity, comorbid disease, disability, and dementi* delirium did not have a 

significant influence on either mortaiity measure (O'Keeffe & Lavan. 1997). In a sample 

of 2 16 elderiy patients discharged fiom a medicai unit. six month mortaiity was not 

significantly different once severity of illness was entered into the mode1 (Francis. 

Martin. & Kapoor. 1990). 

One mdy  found an increased in-hospital mortaiity rate for patients admitted to a 

medical or surgicai unit and who had delirium, even when comorbidity was controlled 

(Pompei, Foreman, Rudberg, inouye, Braund, & Cassel. 1994). However, delirium was 

not associated with and increased mortality rate at 90 days following discharge. 

Unfortunately, the measure used to assess comorbidity had not undergone any 

psychometric testing, and thus may not be a valid control for the independent contributioi 

of comorbid disease. The authors counted the totai number of discharge diagnoses and 

consolidated these into a major diagnostic category, cocresponding to body systems 

(Pompei, Foreman, Rudberg, inouye, Brauud, & Cassel. 1994). This method would not, 

therefore, take into account the seriousness of the disease. Further, the refusal rate of 

46% seriously ümits the generalizability of these fiudings. 



It rnay be that the hi* mortality rate found in other studies is, in fact associated 

with uncontroiied extraneous or confounding factors. in particular, severity of illness. At 

present, there is Iittie evidence to support the continued reference to an increased risk of 

mortality as an outcorne of delirium- However, researchers continue to cite higher 

mortality rates even when their own previous studies have failed to support this fmding 

(Inouye & Charpentier. 1996)- There may be certain subpopulations that continue to have 

an increased risk of moaality. 

Institutionalization. 

At the bivariate level, patients with delirium have been found to have an increased 

risk for institutionaiization (Marcantonio. Goldman, Mangione. et ai. 1994; Francis, 

Martin, & Kapoor. 1990). However, other factors may better explain the increased risk. 

Complex interactions among risk factors elevate the risk of institutionalization (Shapiro. 

1988). Age, cognitive impairment, decreased functionai ability. and whether or not an 

individual lives alone have been found to be significant predictors of institutionaiization 

(Shapiro. 1988). Other factors significant in some studies include socioeconomic status 

and marital status (not married) (Young, Forbes, & Hirdes. 1994). Shapiro and Tate 

(1988) found that a very elderly person with a spouse at home had oniy a 7% chance of 

admission to an institution, decreasing to 4% when no other risk factor was present. Thus 

whether or not the individual tives alone is an important risk factor to consider when 

evaluating risk of institutionaiization. No study of delirium that has examined 

insitutionaiidon has controiied for this factor. 



One study of medicaVsurgical patients found a sevenfold greater risk for 

institutional placement for patients with delirium after controllhg for age, gender? 

preexisting cognitive impairment and illness seventy (Levkoff, Evans, Liptzin, et al. 

1992). The presence of deikium was the only significant predictor variable in the model 

(Levkoff, Evans, Liptzib et al. 1992). This finding may be qualified, however, by the 

fact that fùnctionai status and whether or not the individual lived alone were not 

controlled. 

In a recent study of geriatric patients admitted fiom the cornmunity and surviving tc 

discharge, patients with delirium were more likely to be admitted to long term care withir 

six months afler discharge (O'Keeffe & Lavan. 1997). The mdtivariate model controlled 

for age, iüness severity, comorbidity, cognitive impairment, and disability score. 

cognitive impairment was ais0 identified as a significant risk factor for institutionalizatior 

(O'Keeffe & Lavan. 1997). Unfortunately, whether or not the individud lives aione was 

not included in the modeI. 

Inouye (1993) suggests an inferentiai error may arise because patients who die in 

hospital can no longer be placed in an institution and recommends corntiinülg 

institutionalkation and mortality to avoid this potential bias. Individuals with delirium 

were more likely to die or be placed in a nursing home (Inouye, Viscoii, HofWit~, Hurst, 

& Tmetti. 1993). However, it is difjïcult to justm combining institutiondization and 

mortality, particularly as delirium does not appear to have an independent influence on 

rnortaiity . 



Thus whether or not delirium makes an independent contribution to the risk of 

institutionaiization is presentiy unciear9 however findings fiom hivo studies suggest an 

increased risk. Further studies, controlling for known risk factors, must be undertaken. 

Length of stav. 

Delirium has been found to inçrease the average duration of hospital stay at the 

bivariate leve1 (Erkinjuatti, Wiksîrom, & Palo. 1986; Gustafson, Berggren. Brannstrom, 

et al. 1988; Marcantonio, Goidman, Mangione. et ai. 1994; Pompei. Foreman, Rudberg, 

inouye, Braund & Cassel. 1994; O'Keeffe & Lavan. 1997; Francis. Martin. & Kapoor. 

1990; Levkoff, Evans, Liptzin, et al. 1992), and when possible confounders are 

conaolled. Delirious medical patients srayed in the hospital an average of 12. I days vs. 

7.2 days, a difference that mained significant d e r  controlling for illness sever@, ADL 

statu, prior cognitive impairment, and fever (Francis, Martin, & Kapoor. 1990). In 

support of this finding, Levkoff et ai (1992) detected a significant difference in Iength of 

stay for those individuals with delirium &er adjushg for age, gender, pre-existing 

cognitive impairment and ihess  severity. This ciifference was found in both the sample 

admitted for the cammunity (n=203) and the sampIe admirted h m  an institution (n=88). 

The fiding that the institutional based sample continued to have an increased length of 

stay is inûiguing. It is possible that stay for the community based sample couid be 

Iengthened because patients iived alone at home without support. This same factor, 

preswnably, would not hiluence the le@ of stay of the institutionalized population, 

In a study combining prevalent and incident cases of delirium, patients with 

delirium remained in hospital longer than patients without delirium. This muitivariate 
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mode1 included age, severity of illness, comorbiditv, disability score, and cognitive 

impairment (O'Keeffe & Lavan. 1997)- 

Length of stay was not significant at the bivariate level in hvo smdies (Rogers, 

Llang, Daltroy, et al. 1989; Williams-Russo, Urquhart. Sharrock. & Charlson. 1992). In 

one study, the authors believed this was due to cost-containment pressures (Rogers, 

Llang, Daltroy, et al. 1989). Further, al i  cases dehed as "delirium" were considered 

"mild" and thus may not have been serious enough to warrant an increased length of stay . 

Similarly, the definition of delirium in the second study included cases of confusion noted 

in the recovery room(Wil1iams-Russo, Urquhart. Sharrock. & Charlson. 1992), such that 

the effects of anesthesia may have accounted for the confiision and presumably were 

short-term. 

Thus, an increased length of stay for patients with delirium does appear to be a 

consistent outcome, even after controlling for known risk factors. This bas economic 

implications for health care organizations because of the the increased financid burden on 

the system. 

Physical funçtion. 

Recently, the effect of delirium on subsequent physicai function was assessed 

(Murray, Levkoff, Wetle, et al. 1993; Foreman. 1989). in the fht study, three hundred 

and twenty-five hospitalized elderly were foiiowed to assess the impact of delirium on 

subsequent physicai function. Physical function was measured by the Katz activities of 

daiiy living (ADL) index. ADL were assessed by inte~ewing the patient's primary 

caregiver upon hospital admission, and at 3 and 6 months after hospitd discharge 
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(Murray, Levkoff. Wetle, et ai. 1993). The dependent variable was adjusted change in 

function (mean physical dysfûnction score afker 3 months minus the physical dysfunction 

score on admission). Predictors included delirium, pre-existing cognitive impairment, 

age, sex, whether they were admitted h m  the community or fiom an institution, and 

comorbidity. Delirium was the ody signincant factor . This functional decline persisted 

to the 6 month follow-up (Murray, Levkoff, Wetie. et ai. 1993). When data were 

analyzed using 3 month level of h c t i o n  as the outcorne, delirium and initial level of 

îünction were significant predictors. Pre-existing cognitive impairment was significant 

for the cornmunity-based sample. 

in a study of patients admitted to a genamc unit, 47 patients who experienced 

incident delirium were compared at discharge with 124 patients who did not (O'Keeffe & 

Lavan. 1997). Patients with delirium were significantly more likely to experience a 

deterioration in functional status while controlling for age, severity of illness, 

comorbidity, cognitive impairment, length of stay, and admission disability score 

(O'Keeffe & Lavan. 1997). 

In contrast, no significant differences were found in the rates of decline in ADL at 

six months for a sample of discharged medical patients (Francis, Martin, & Kapoor. 

1990); however, patients with significant ADL dependency or severe dementia were 

excluded fiom this study. When analyses of the same subjects at a two year follow-up 

was conducted, delirium was asmciated with a 2.56 adjusted risk of loss of independent 

living arnong thos subjects who were previously independent. However, the sample size 

was smaü (n=20). In contrast, there were no Merences between subjects with and 
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without delirium with respect to change in functional status from 2 weeks before 

admission to 90 days &et discharge in a study of medicai and surgical patients (Pompei. 

Foremaa, Rudberg, Inouye, Braun6 & Cassel. 1994). Unfortunately. the high refusal rate 

limits generalizability of this finding. 

Another study found a significant di£îerence in change scores on a physical hc t ion  

measure between thirteen delirious and thiaeen non-delirious patients afier controlling for 

surgery, age, and baseline score (Rogers* Llang, Daltroy, et al. 1989). However the 

control group may not have been comparable. Of the original control group, data could 

only be collected on three patients. To supplant the control group, the investigators 

selected thirteen controls from a study conducted two years previously. Failure to obtain 

information on the original control group and utiiizaing a new control group with 

questionable comparability on key risk factors rnay be a major source of bias. Other than 

age and basehe function score, the comparability of the control group was not reported. 

This raises serious doubts about the validity of the study results. 

There are a number of similarities between the majority of the preceding studies 

that may have had an important influence on tlndings. These include the length of time 

for follow-up, the use of a self-report physicai function measure as compared to an 

observation based measure, and the influence of length of stay on the outcorne. 

Decisions regarding the appropriate length of the required tirne for follow-up are 

ciifficult in an elderly population. The longer the time for follow-up, the less confident 

one c m  be that the resuIts are not related to intervening factors. For example, comorbid 

ihess  may have occurred that will impact the functional assessment conducted two years 
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later. Ilinesses such as a stroke are particuiarly dficult to diagnose. and yet may have a 

substantial impact on physical functioning. Smaü cortical strokes are known to cause 

delirium (Kane. Ouslander, & Abrass. 1994). It is possible that such incapacitating 

ilInesses differentially affect patients who have experienced delirium. and therefore exert 

a confounding influence. 

Another limitation is that self-report measures of physical functioning were used in 

these studies. When one of the primary purposes of the study is to detect differences in 

function scores, it may be important to use a performance-based measure. There may be 

significant differences between patient or caregiver assessments and performance-based 

measurements of ADL (Sager. Dunham. Schwantes, Mecurn, Halverson, & Harlowe. 

f 992) that could m e n c e  the sensitivity of these outcome measures. in a study 

cornparhg seif-report with a performance-based measure, the rate of agreement between 

self-report and performance ADL measures was lowest in the areas of bathing and 

dressing (Sager, Dunham, Schwantes, Mecum, Halverson, & Harlowe. 1992). In a study 

of the possible biasing effecr of different data sources on functional status scores. 

patients were found to oversbte their functional abilities whereas significant others may 

understate the patients hctional abilities (Rubenstein, Schairer, Wieland, & Kane. 

1984). It is possible that some findings of significant differences in h c t i o n  status relate 

to the dineremes in data sources, rather than true differences. 

An aiternative expianation rnay be related to the increased length of stay associated 

with delirium. There is a decrease of independent physical functioning that occurs over 

the duration of hospitaiization (Palmer, Landefeld, Kresevic, & Kowal. 1994). Thus, it 
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may be the decreased physical h c t i o n  associated with delirium in some studies is as a 

result of the longer hospital stay rather than delirium. 

Overail, therefore, there is some question regarding whether or not delirium results 

in a long-term loss of fiuictiond ability. Ody one study adjusted for important risk 

factors including length of stay, and thus provides preliminary support for an inçreased 

risk. Future prospective studies using performance based measures and adjusting for 

Length of hospital stay may provide m e r  information. 

Morbiditv. 

Rogers et al (1989) fouud delirium to be strongly associated with post-operative 

complications. Unfortunately cornpikations was operationalized to include patients 

"disrupting" the ward with "inappropriate behavior" and "danger to him or herseIf." As 

no patient with cognitive impairment was entered into this study, these behaviors would 

most iiiely characterize the delirious patient. "Complications" were classified as 

dichotomous and, therefore, would be sigoificant because the predictor variable included 

the response variable. 

Tndividuals who developed delirium had a 15% rate of major complications 

compared with a 2% rate among patients without delirium in a study of elective surgery 

patients (Marcantonio, Goldman, Mangione, et al. 1994). Unfortunately, the rate of 

complications foliowing delirium was not differentiated ftom those preceding delirium. 

Recently, patients with delirium were found to suffer significantly more 

complications during hospitalization (O'Keeffe & Lavan. 1997). Complications were 

dehed as urinary incontinence, faiis or pressure sores. At a bivariate level, only urinary 
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incontinence and falls were more likely to occur. The independent contribution of 

pressure sores to the overall model is unknown. The multivariate model combined these 

adverse events and adjusted for age, illness severity, comorbidity, cognitive impairment. 

disability and length of stay. Although many of the factors controlted are risk factors? 

other known risk factors were not included. For example. compromised nutritional status 

is an important risk factor for the development of pressure sores. 

Overd, there is some initial evidence supporting an increased risk of adverse 

events during hospitakation for patients with delirium. These fïndings should be 

c o b e d  in future studies based on other study popdations. 

Summarv. 

It is apparent that studies evaluating the influence of delirium on outcomes such as 

mortality, institdonalization, length of stay, and physical bctioning must control 

known risk factors. Findings fiom previous research suggest a number of adverse 

outcomes independently associated with delirium. There does not appear to be support 

for continuing to ident* an increased risk of mortality associated with delirium. 

However, the seriousness of outcomes such as institutionalization, and increased hospital- 

associated complications, length of stay and loss of physicai fiction warrant continueci 

research into predictive and preventive measures of delirium. 

2.12 Research Ouestions 

in order to address the limitations of the previous studies of delirium in the 

hospitalized elderly, the primary focus of Study One was to identiîy hospitalization- 

related environmental factors that contributed to delirium and were potentially 
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modifiable. The secondary focus was to determine in-hospital outcomes wbile 

controlling for known risk factors. The research questions for this study were: 

1. What are the host and environmental risk factors for delirium in 

hospitalized patients age 65 years or older? 

2. Does delirium independentiy increase the risk of the foiiowing outcomes in the 

hospitalized elderly: in-hospital mortality, morbidity, restraint use. 

readmission within one month and institutionalization? 



Chapter 4. Methods 

This section of the paper describes the methods undertaken to address both the 

primary and secondary research questions. The study design and procedures followed to 

address both the risk factors and the outcomes associated with deiirium will be described. 

The psychornetric properties and methods of d y s i s  of the research measures will be 

discussed. The statistical models employed to address both the primary and secondary 

research questions will be described. 

4.1 Desim 

Sam~le size. 

Sample size was based on the typicai size fiom previous studies. Further, the 

financial resources available for this project precluded a larger sample size. This 

restriction is due to the detailed clinicai follow-up required for each patient. Thus a targel 

sample size of 150 patients was chosen. 

Studv  oud dation. 

This prospective study was conducted at Grand River Hospital. Kitchener-Waterloo 

(K-W) site, a community, acute care facility. Potential study participants included al1 

patients aged 65 years of age or older, who were admitted to a medicai or surgical unit at 

the K-W site between Sunday at 0800 am. and Friday at 1200h fkom July 

03,1996 to September 18,1996. These patients were identified through the use of a 

cornputerized data base. This t h e  period was utilized so that the clinicai research 



assistants were able to obtain informed consent Tom al1 patients within 24 hours of 

admission (Appendix B). 

Exclusion criteria were as follows. 

1. unable to speak and understand English 

2. undergoing a procedure that necessitated a stay in an intensive care unit (ICU) of 

greater than 2 days 

3. admitted to an K U  or a palliative a r e  unit 

4. comatose' unconscious, or othenivise unable to cornmunicate verbally 

5. a known history of alchohol abuse 

6. severe underlying dementia as determined by the adminhg physician 

7. evidence of delirium on admission 

There were one hundred and sixty one patients meeting the study criteria fiom July 

03, 1996 to September 18, 1996. Five individuais (3%) refused to participate, giving a 

final sample size of one hundred and f B y  six patients. These patients were followed by 

two clinical research assistants for 14 days after admission or until discharge. 

4.2 Procedure 

The following sections describe the study procedures, including the procedure for 

obtaining infomied consent, the initiai interview, the W y  patient assessment, the 

detection of delirium, reliability testiug of the CAM, and the assessment of outcomes 

associated with delirium. 



hfonned Consent. 

This study received ethics approvai at the University of Waterloo and at the Ethical 

Research Committee. Grand River Hospital. AU patient information was collected using 

a nurneric identifier to ensure patient confïdentiality. 

Ail patients who met the study criteria were approached by the clinical research 

assistants wiuiin 24 hours of admission to obtain informed consent. The primary nurse of 

each potential study patient was asked to evaluate the patient's ability to m e r  questions 

and to understand the informed consent procedure. If the primary nurse thought the 

patient was competent to consent to the study, the clinical research assistant explained the 

study to the patient and sought written consent (Appendk B). If the patient was unable to 

provide consent, a relative or caretaker familiar with the patient's pre-hospitd functioning 

was approached by the clinical research assistant to obtain informed consent. This person 

dso answered questions regarding the patient's cognitive symptoms prior to admission 

and estimated duration of any cognitive impairment. In addition, family memben were 

asked for informed consent (Appendix C) and to complete a measure of the patient's 

psyc hological well being ( Appendk D). 

Initial interview. 

Once consent was given, an initial interview was conducted to establish baseline 

values for cognitive statu, and to determine if the resident was fiee fiom delinum. The 

CAM instrument was utilized to assess whether the patient displayed evidence of delirium 

on admission. Thirty-two patients admitted fiom Juiy 03, 1996 to September 18, 1996 



were not eligible to participate in the study as they met the exclusion criteria of presence 

of severe dementia or delirium on admission. 

Written protocols and uniform ways of probing for additional information were 

developed to aid standardized collection of idormation (Appendii E). The initial 

interview was completed for the 156 patients entered in the study. Baseline demographic 

and health information was obtained fiom the medicai record and the initial patient 

intewiew (Appendix F). The interview also inchded completion of the depression 

measure (Appendix G), standard vision and hearing assessment (Appendix H), and an 

activi ty limitation assessment (Appendix 1). 

Dailv assessment. 

Subsequently, ali participants were monitored daily in the hospital for the fkst 14 

days of their stay or until discharge or death. Data on each symptom of delirium were 

collecteci. Laboratory data, available on the patient's medical record. were screened in 

order to i d e n t e  abnormalities. The patients' environment was assessed daily, and objects 

that provided meaning and orientation were noted. Use of restraints and any invasive 

procedure that the individual underwent were recorded. Patient movement off the unit 

was noted (Le., transports to radiology or other areas of the hospital). 

Following completion of their involvement in the research projecî, research 

participants received a letter of thanks (Appendix J). In addition, a summary of the 

results of the study wiii be provided to those participants who indicated an interest. 



Detection of delirium. 

The characteristic sbiftuig in quality and degree of symptomatology of delirium 

makes it necessary to obtain a longintdinaf picture of a patient's illness, with repeated 

evaluations and close attention to observations made by hospital staff and family. In 

order to maximize the detection of symptoms of delirium, data were collected daily using 

several methods: a structured interview using the CAM; a brief interview with the 

primary nurse using a checklist similar to the CAM that documents whether any 

symptoms of deiiium have been observed; and an examination of the patient's medical 

chart for the previous 24 hour perïod for any documented symptoms of delirium. Use of 

keywords such as agitated, confused. disoriented and delirious were followed up. If the 

patient met the CAM criteria based on any of these sources, the patient was classified as 

delirious. 

Surgical patients were not assessed on the day of surgery in order to distinguish 

delirium fiom the effects of anesthesia. This period was considered adequate as recovery 

fiom the effects of anesthetic is usudly compIete afler the f h t  eight hours. In previous 

research designed to quanti@ the rate of mental recovery in elderly patients after general 

anaesthesia, there were no significant changes in the Mini-mental State Test or the Digit 

Span Test after the first post-operative day (Chung, Seyone, Dyck, et al. 1990). 

Inter-rater reliabilitv of the CAM. 

Two clinical research assistants, registered nurses, received standardized training 

regarding the CAM algorithm based on the primer developed by the authors. inter-rater 

reiiability for the CAM instniment was assessed as follows: independent ratings were 
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conducted sünuitaneously for fifieen patients, with one clinical research assistant 

conducring the interview while the otber clinical research assistant observed. Both 

clinical research assistants had an opportunity to conduct the interview. Each clinical 

research assistant independently and blindly completed the confusion assessment 

questionnaire bas4  on obsewations made d d g  the interview. The observations were 

undertaken simultaneously due to the fluctuating nature of deliiium. For assessing the 

presence or absence of delinum agreement was 100%. 

Outcome assessment. 

Outcome measures included in-hospital mortality, morbidity, restraint use, length of 

stay, readmission within 1 month following discharge, and placement at the time of 

discharge. In order to minimize the potential for bis ,  outcome assessment was blind for 

al1 variabIes with the exception of r e d t  use. information regarding outcomes was 

received fiom a computerized data base through the hedth records department. with the 

exception of restraint use, evaluated on a d d y  basis by the clUlical research assistants. 

4.3 Measures 

Delirium. 

Delium was measured by the CAM (Appendix K). The CAM is based on four 

criteria and has a hi& sensitivity (100%, 94%) and specificity (95%, 90%) (Inouye, 

VanDyck Alessi, Balkin, Siegal, & Horwitz. 1990). Observations made during a brief 

structured patient interview, an interview with the primw nurse and medical record 

review are used to complete the CAM. As part of the CAM criteria, baseline mental status 

was assessed during the patient interview. Badine mental status was evaluated through 
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the use of the digit span assessrnent (Appendix L) as a measure of attention and the Mini 

Mentai State Exam (MMSE), a short test of mental functioning (AppendUI M). 

The Digit Span is a subset of the Weschler intelligence Test (WAIS-R). This test 

requires the accurate repetition of verbaily presented random number strings both forward 

and backward. From memory, the subject must repeat number sequences of increasing 

length until two consecutive number strings are repeated incorrectly. This process is 

repeated with a difkent set of numbers recited from rnemory in reverse sequence to their 

original presentation until two number strings are again failed. ïhe  Digit span test 

requires one to hold information in the short-term memory and maintain it in an ordered 

sequence (Chung, Seyone. Dyck, et al. 1990). 

The MMSE is easy to administer and generally can be completed in approximately 

ten minutes. in a mixed group of medicai patients, a high alpha levelf.96) was obtained 

for interna1 consistency for the MMSE (Foreman. 1989). Reliabiiity coefficients for both 

cognitively intact and impaired subjects generally f d  between r =.80 to .95 (Tombaugh 

& Mcintyre. 1992). Sensitivity, or the abiiity of the MMSE to correctly identiQ those 

individuals classified as cognitively impaired was found to be 87% in a popdation of 

general medical ward patients (Anthony, LeResche, Niaz, Vonkorff, & Folstein. 1982). 

Similar ievels of sensitivity have been reported elsewhere (Tombaugh & Mchtyre. 1992). 

A score of less than 24 out of 30 was used to indicate cognitive impairment, which is a 

conventionally accepted criterion. 



Indeoendent variables. 

independent variables evaluated included host and environmental factors. The 

foUowing section describes the host and environmental factors examined. 

Host factors were defined as characteristics of the individual, and included 

sociodemographic and heaIth factors (see Table 4). Sociodemographic factors included 

age, gender, marital status. education, whether the individual lived alone. admission type, 

entry classification, and where the patient was admitted fiom (Appendk F ). 

Age was estimated from date of birth available fiom patient records to create a 

continuous variable for age at admission to the study. 

Gender was available h m  patient records, and analyzed as a binary variable 

(maie=O, f e m a l ~ l  ). 

Marital status was collapsed into a binary variable and coded as rnarried (0) and 

other (never married/widowed/separated/divorced) (1). 

Education was recorded on basehe assessment. Education was analyzed as a 

dummy variable with no schooling as the reference group, and as a binary variable coded 

as grade eight education or Iess (0) and greater than grade eight education (1). 

Source of admission was available fiom health records. Admissions were 

colIapsed into a binary variable coded as  home (0) and retirement home, chronic care 

hospital, nursing home, or Home for the Aged (1). 

Whether the patient lived alone was collected at initial in te~ew.  Lived alone 

was a binary variable l=yes). 



Table 4 
List of Studv Variables 

Outcome Variables: 
Delirium 
Length of Stay 
Mortaiity 
Readmission Withùi 1 month 
Restraint Use 
Intercurrent Illness 
Institutionalization 

Host Variables: 
Age 
Gender 
Marital Status 
Education 
Lives Alone 
Admission Type 
Entry Classification 
Source of Admission 
Prior Hospital Admission within 1 Year 
Surgical Status 
Surgical Risk 
Major Clinical Category 
Medical Diagnosis 
Comorbidity 
Illness Severity 
Intercurrent I h e s s  
Abnormal Lab Values 

Creatinine, Urea, Na, K, Glucose, Oxygen, HemogIobin White Blood Ce11 
Hearing 
Communication Devices/Techniques 
Vision 
Visual Limitations/Difficulties 
Visual Appliances 
Activity Limitation 
CES-D (Depression) 
MiDAS (Psychological Well Being) 
Pain 
Fever 



Table 4 
List of Studv Variables (conîinued) 

EnvironmentaI Factors: 
Number of Visitors 
Etestraint Use 
Number of Procedures 
Number of Invasive Procedures 
Catheterization 
Number of Orienting Objects 
Telephone Availability 
Contact with Health Care Disciplines 

Occupationai Therapy 
Physio therapy 
Respiratory Therapy 
Medicai Speciaiist 
Discharge & Planning 
Numtion & Food Services 
Other Staff 

Room Type 
Number of Room Tramfers 

Medications: 
Number of Medications on Admission to Hospital 
Number of Medications in Hospital 
Patient Controlled Analgesic 
CIasses (Based on AHFS codes) 

Adrends 
Anti-Infective Agents 
Anticoagulants 
Antidepressants 
Antidiabetic Agents 
Antiemetics 
Antihistamine Dnigs 
Antilipemic Agents 
Antim~~carinics/Anitspasmodics 
Antiparkinsonian Agents 
Antithymid Agents 
Antitussives 
Benzodiazepines (Long Acting) 
Benzodiazepines (Short Acting) 



Table 4 
List of Studv Variables (continued) 

Classes (Ehsed on AHFS codes) continued 
Cardiac Drugs 
Diuretics 
Estrogens 
Histaminez Antagonists 
Hydaatoins 
Hypotensive Agents 
Misc. Anxiolytics, Sedatives & Hypnotics 
Miscellaneous Analgesics & Antipyretics 
hliscellaneous GI Dmgs 
Nonsteroidal Anti-Intlammatory Agents 
ûpiate Agonists (Codiene) 
ûpiate Agonists (Demerol) 
Opiate Agonists (Dilaudid) 
Opiate Agonists (Leritine) 
Opiate Agonists (Morphine) 
Opiate Agonists (Percocet) 
Opiate Antagonists 
Opiate Partiai Agonists 
Parasympathomimetic (Cholinergic) Agents 
frogestins 
Smooth Muscle Relaxants 
Thyroid Agents 
Tranquiiizers 
UncIassified Therapeutic Agents 
Vasodilating Agents 



Type of admission was available fiom health records and coded as a binary 

variable, emergent (1) and elective (O). 

Entry classification was avaiiable fiom health records and analyzed as a binary 

variable coded as emergency room (1) and direct (O). 

Hedth variables included surgical or medical status, surgical risk number of 

previous hospital admissions. medical diagnosis. comorbidity, severity of illness. 

intercurrent illness, abnomal lab values. hearing, communication device/techniques use, 

vision, visual limitations, visual appliance use, pain, fever, activity limitation, and 

psychological well-being, including a measure of depression. 

Surgical status was a binary variable representing whether the patient was surgical 

(1) or medical (O). 

Surgical risk is based on the American Society of Anesthesiologists (ASA) 

physical status class and was measured by the surgeon and recorded on the patient chart. 

Scores range fiom 1-5, with 5 indicating a high risk . Surgical risk scores were analyzed 

as a continuous variable. 

Previous bospital admissions over the preceding year were available fiom heaith 

records. Prior admissions were analyzed as yes (1) or no prior admissions (O). 

Medical Diagnosis was the diagnosis recorded by the physician as "most 

responsible'' for hospitalization. Due to the small numbers of patients with the same 

medical diagnosis at admission, diagnoses were gmuped according into Major Clinical 

Categories (MCC). MCCs are utilized by the Canadian W m t e  of Heaith information as 



the most basic classification scheme. This scheme is based on organ systems. There are 

twenry three MCCs. 

Comorbidity was assessed through the use of the Comorbidity Lndex (Charlson, 

Pompei, Ales, & MacKenzie. 1987). This weighted index is a method of class@ing 

comorbid conditions and takes into acount both the number and the seriousness of the 

comorbid diseases (Appendix N). The comorbidity index was tested in a large cohort for 

its ability to predict risk of death fiom comorbid disease at one year and 10 years. The 

index was shown to be a valid method of estimating risk of death fiom comorbid disease 

(Charlson. Pompei, Ales, & MacKenzie. 1987). 

Iiiness Severity was assessed using a subjective overail rating by the responsible 

physician based on the Charlson method, a 9 point ordinal scale (Appendix O) (Charlson. 

Sax, MacKenzie, Fields, Braham, & Douglas. 1986). In previous research, the physician': 

rating of ihess  severity was found to be the most significant predictor of mortaiity in 604 

patients admitted to a medical service in a one month period (Charlson. Sax, MacKenzie, 

Fields, Braham, & Douglas. 1986). In a cornparison of three diagnosis-independent 

rneasures of ihess severity, the Chadson method was found to have the highest 

sensitivity (66.7%) and specificity (87.3%) for predicting mortdity during 

hospitalization(Young & Barer. 1995). Ihess  severity was amiyzed as a continuous 

variable and as a binary variable, miid to moderate illness (O), and severe illness (1). A 

binary classification was comparable with other studies. 

Intercurrent IlInesses included any acute illness that the patient was not admitted 

with. This was assessed dwhg the patient interview and in chart reviews, and included 



urinary tract infections, respiratory infections and more serious complications such as 

myocardiai infarctions. When utilized as au outcome masure, intercurrent illness 

idonnation was collected following the initiai incidence of delirium or util discharge. 

Intercurrent ihess was coded as yes (1) and no (O). 

Abnormal Laboratory Values: As the mean values and standard deviations for 

many blood lab values do not show variation with age or sex (Leask, Andrews. & Caird, 

1973), the foilowing standard abnormal values were utilized: 

Hemoglobin: 135>Males> 18OglL 1 16 >Fernales> 160 

130<Sodium >150 mmoVL 

3.3~Glucose>6.0mmoVL 

3 .O<Potassium>6.0 mmoVL 

Oxygen PCOz >45 mmHg or P02<50mmHg or O2 saturation 4 0 %  

White blood eount greater than 13.0 x 1 O ~ / L  

Serum urea nitrogedcreatinine ratio defùied as 25 or more 

Normai levels for serum urea does show an age-related increase, and thus the upper limits 

of normal for individuals age 75 and older were used as the cut-off (Leask, Andrews. & 

Caird. 1973). S e m  urea levels greater than lOmmol/l was abnomai. Abnormal lab 

values were anaiyzed separately as continuous and as dichotomous variables (normal4 

and abnormal=l) and in combination. 

Dehydration was based on an abnomal creatinineiurea ratio of 25 or more and 

collapsed into a binary variable (normal4 and abnormaI=l). 



Vision and hearing were assessed using the Minimum Data Set (MDS) items 

(Appendùc H). Vision was assessed as the abiIity to see in adequate Iight with glasses if 

used. in previous research, vision patterns had an average reliability (r =.66). Vision was 

andyzed both as a continuous variable and as a dichotomous variable (adequate or 

slightly impaired coded as 0, and moderately impaired. highiy impaired, or severely 

impaired coded as 1). Hearing was assessed with a hearing appliance if used- The 

clhical research assistant evaluated hearing ability through the inital assessment. Hearing 

was found to have an excellent retiability (r >.go) in previous research.. Hearing was 

analyzed both as a continous variable and as a dichotomous variable (hears adequately or 

minimal difnculty coded as 0, and h e m  in special situtations only and highly impaired 

coded as 1). 

Visual limitations, a measure of whether the individual saw "halos" around lights 

or experienced decreased peripheral vision, was analyzed as a dichotomous variable (any 

limitation coded as 1, and no limitation coded as O). 

Communication devices were assessed at the initial interview and included the use 

of a hearing aid or other receptive communication technique such as Iip reading. 

Communication devices were anaiyzed as a dichotomous variable (hearing aid, present & 

use& or other receptive communication techniques used coded as 1, and hearing aid, 

present and not used regularly, or none coded as O). 

Viual appüances was a dichotomous variable coded as 1 for the use of glasses, 

contact lenses, or magniSing glass. 



Pain was assessed utilizing nursing and physician notes documenting that the 

patient was spontaneously or upon movement complaining of pain or exhibiting pain. 

Pain was evaluated as a binary variable no pain (O) or pain (1). 

Fever was defked as a tempera- greater than 37.5 degrees Celsius. and analyzed 

as fever present (1) or absent (O). 

Activity Limitations were assessed using the Activity Limitation scale included in 

the SENOTS battery (Appendix 1) (Stones & K o m a  1989). Activity Limitation 

achieved an intemal consistency of alpha =.90, and was able to discriminate community 

and institutional residents (Appendix i). The Activity Limitation measure consists of 

seven ADL questions covering shopping, spare time activities, regular chores, getting 

about, dressing, getting shoes on and off, and cutting toenails. Each question is scored 1 

for no and 2 for yes with a total possible score on the measure of 14 indicating 

impairment on all ADL areas assessed, 

Psychological Weil-Being was evaluated using the Measure of lntensity and 

Duration of Affective States (MIDAS) (Appendix J). The MIDAS is a twelve item 

measure of positive and negative affectivity. Coefficient alpha reliability estimates for 

the MIDAS al1 exceeded .85 in self-rated and third party rated foms (Martin & Stones, 

1996). The MIDAS was completed by family members. The respondent utilized a 6 

point scale to provide a rating of the fkequency with wfiich the subject has demonstrated 

each characteristic in the past month before admission to hospital (never=I, almost 

never=2, occasionally=3 ~ s u a l l ~ ,  almost always=5, & always==. The positive (Items 



1.2.6, 7,9 & 10) and negative items are summed separately to a total possible of 3 6  

each. The positive and negative MIDAS variables were d y z e d  as continuous variables. 

Depression was assessed using the Center for Epidemioiogicai Studies Depression 

Scaie (CES-D) (Appendix K). Coefficient alpha for the CES-D was .90 in a patient 

population (Sawyer Radloff. 1977). The CES-D has been found to discriminate well 

between psychiotric inpatients and a general population (Sawyer Radloff. 1977). The 

scale contains twenty statements both positive (Items 4.8, 12 & 16) and negative with a 

total possible score of 60. The patient is asked to rate how ofien they have felt this way 

during the past week (rarely, some of the ame. occasionally, or most of the time). The 

negative questions are scored fiom O to 3 (rarely=O, some of the time=l, occasionally=2 

and rnost of the Mie=3). The scoring for the positive questions is reversed. The CES-D 

variable was analyzed as a continuous variable. 

Environmental variables were defùied as those factors that occur during 

hospitalization and are extemai to the individual. Environmental factors included social 

contacts, restraint use, patient movement throughout the hospital, invasive and non- 

invasive procedures, objects that provided meaning and orientation, telephone use, formal 

health care contacts, and medications A11 variables were measured until delirium 

developed or until discharge for the non-delirious group. 

Social contacts were assessed through the use of a guest book. Visitors were asked 

to sign in, and spec* their relationship to the patient. The number of visitors was 

summed daily. The number of visitors was analyzed as the mean number of Msitors up to 

&y 4. To control for the differential effects of length of stay between delirious and non- 
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delirious patients the mean omet of delùium (Day 4) was utilized as a cut-off point for 

variabIes colIected each day the patient was in the study. As such, number of visitors was 

averaged over the patient's fïrst four days. 

Restraints were defined as any device that restricts patient movement regardless of 

intent. Restm.int use was examined both as a risk factor for delirium and as an outcome of 

delirium. Restraint use and type of restraint were monitored daiiy through observation 

and chart review. As an independent variable, use of restraints included use of siderails. 

except on the day of surgery. When analyzed as an outcome variable, only the use of a 

beit or lap restraint was coded as a rest.ra.int. Restraïnt variables were coded as  no 

restraints (0) and restraints (1). 

Patient movement within the hospital was assessed daily through a combination 

of information sources. The patient was asked to describe events of the previous day. In 

addition, the ptimary nurse was asked if the patient was transported to other areas. 

FinalIy, information was sought fiom the patient chart. The number of times the patient 

left their unit was summed daily. The number of times off the unit was averaged up to 

and including day 4 and anaiyzed as a continuous variable. 

Room type was recorded as ward (1) or semilprivate (0). If an individual had been 

t t ans fed  during hospital stay, the room that they spent the rnost tirne in during the first 

five days of hospitalization was recorded. 

Number of room transfers during study period was recorded. Daîa were collapsed 

into a dichotomous variable (no tramfers4 and transfers=l). 



Invasive procedures such as insertion of an intravenous, catheter insertion, blood 

tests, and scans requiring invasive preparation were monitored daily through interview. 

observation and chart information. The number of invasive procedures a patient 

undenvent was recorded daily. The number of invasive procedures were averaged over 

the first 4 days and analyzed as a continuous variable. 

Procedures was a generai category including invasive and non-invasive 

procedures. This included procedures such as x-rays, electrocardiognun and ultrasound, 

in addition to the invasive procedures previously defmed The number of procedures the 

patient underwent was recorded daily. The number of procedures were averaged over the 

nrst 4 days and analyzed as a continuous variable. 

Cat heterizition was evaiuated daily through interviews and chaa reviews. 

Cathetenzation, defined as the insertion of a foley or suprapubic catheter, was analyzed as 

a binary variable (no catheted and catheter=l). 

Objects that provide meaning and orientation included newspapers, tirnepieces, 

radio, television and personal belongings such as pictures. The number of these objects 

was assessed and recorded daity. Number of orienting objects was averaged over the first 

4 days and analyzed as a continuous variable. 

Telephone use represented a proxy of whether or not the individual had some f o m  

of social contact* As significant others may not be able to visit, the use of the telephone 

may represent an important way that the patient and significant other(s) maintains contact. 

Telephone use was initidly monitored through the use of a caii logbook, however when 

this proved too much of a burden for patients and staff" a iist of those individuals within 



the study who had telephone hook-up was obtained. The use of a telephone is an 

additional expense, and thus oniy those who wouid actually use it would have one. 

Telephone avaiiability was recorded as telephone present (1) or absent (O). 

Consule were the number of contacts with formai heaith care providers and was 

measured by number of consults to occupational therapy, medicine, physiotherapy, 

respiratory therapy, discharge planning, nutrition and food services staff. social work and 

others recorded in individual discipline documentation. These records were validated 

during chart review. Number of health care discipline contacts were analyzed 

individually as dichotomous variables ( no=O and yes=l) and as a continuous variable (the 

number of consultations to different senices). 

Medications were assessed on admission and then daily. Only medications 

administered up to and including the period phor to incident delirium or until discharge 

were entered. Medication information was available on the patient's chart. Medications 

were classified utilizing the Amencan Hospital Forrnuiary Service Pharmacologic- 

Therapeutic (AHFS) classification. if the AHFS classification codes did not idem* 

individual medications and classses of medications separately that have been found in 

previous literature to be associated with delirium, then new codes based on the AHFS 

codes were created to identifj these medications. Each medication class was analyzed, 

and detailed analyses on anticholinergics, neunileptics, narcotics, Histamine-2 (Hd 

antagonists, digoxin and benzodiazepines as specific agents were conducted as these 

medications have been found to be risk factors for deiinum in previous studies. Exposure 

to anticholinergic agents was defined as administration of antibistamines, tricyclic 

8 1 



addepressants, autiemetics and neuroleptics. Benzodiazepines were classified into long- 

acting (Librïum,Rivotril, Valium. Mogadon and Daimane) and short-acting (Halcion. 

Ativaa Serax, and Versed ). 

Medication combinations predicted to lead to moderate or severe adverse events 

(Hansten & Hom. 1996) were analyzed. In addition, a ciinical pharmacist reviewed 

medication classes to determine likely interactions leading to a negative impact on mental 

funcuon. 

Number of medications in hospital was the total nurnber of different medications 

the patient was taking during hospitaiization. This information was obtained from the 

medication administration record in the patient chart. Number of medications in hospital 

was analyzed as a continuoui variable. 

Number of medications on admission was the number of different medications 

the patient was taking in the week preceding their admission to hospital. This was 

recorded on admission to hospitai and was analyzed as a continuoui variable. 

Patient Controiled Analgesia (PCA) was whether or not a surgical patient used a 

self-controlled pump that dispensed a preset amount of intravenously administered 

narcotics. This information was analyzed as a binaty variable, absent (O) or present (1). 

Outcome variables. 

In addition to the use of restraints, the foilowing outcome variables were examined: 

Length of Sîay was defined as the number of days fiom the time the patient was 

admitted to a medical or surgical unit until the day of discharge. This information was 



available through the health records department. Length of stay was anaiyzed as a 

continuous variable. 

Mortality included aii patient deaths dwing hospitalization. This information was 

availabte through health records. Mortality was coded as a binary variable. expired (1 ) 

and discharged aiive (0). 

Readmission within one month was collected through the admitting department. 

Patients are tracked fiom the &y of discharge until the day of readmission. Readmission 

status was coded as a binary variable, no readmission (0) and readmission (1). 

Institutionalization information was available through health records. Where the 

patient was discharged to was coded as a dichotomous variable representing 

institutionalization. Patients who were discharged to an institution and who had not been 

admitted fiom an institution, were coded as institutionalized (I), and patients who were 

not discharged to an institution or who were admitted back to an institution were coded as 

not institutionalized (O). 

4.4 Data Anaivsis 

Logistic reexession. 

Logistic regression is a statistical model appropriate for binary outcomes (Le., those 

outcornes with only two responses). in tbis study, the togistic regression model provided 

an estimate of the probability of delirium occuring given a set of continuous or dummy- 

coded variables. Specifically, the dependent variable (in this case delirium) is defined as 

the natural logarithm (In) of the odds of dinease, or the logit (Hemekens & Buring, 1987). 



Given the probability of delirium occurring (represented by Y=l), the logistic regression 

mode1 can be expressed as: 

e 
a+x bài  

p(Y= ~ ) = ~ a + x  bài  

where a represents the intercept term and xb,xi  represents the effects of the set of 

independent variables. The coefficients obtained through logisitic regression denote the 

magnitude of the increase or decrease in the log odds produced by one unit of change in 

the value of the independent variable, whiIe controlling for the effects of the other 

variables in the mode1 (Hennekens & Buring. 1987). An odds ratio c m  be calculated by 

exponentiating the beta coefficients. An odds ratio of 1 .O indicates that the incidence rate 

of delirium in the exposed and nonexposed groups is identical, therefore there is no 

association between the exposure and tùe incidence of delirium in the data. A value 

p a t e r  than 1 .O indicates a positive association or increased risk of delirium among those 

exposed. Conversely, an odds ratio less than 1 .O means there is an inverse association or 

a decreased risk among those exposed. Odds ratios provide a valid estimate of relative 



risk when the cases of disease are newly diagnosed, and prevalent cases are not included 

(Hennekens & Buring. 1987). 

Confidence limits around this estimate of relative nsk can be obtained using the 

beta coefficient and its related standard enor. 

(41196~E, ) 95% Confidence interval = e 

The confidence interval provides information on whether the association is 

significant at the specified level. For example, if a 95% confidence interval includes the 

nul1 value (i.e., 1 .O), then the correspondhg p value is, by definition. greater than 0.05 

(Hemekens & Buring. 1987). The confidence interval provides additional information by 

indicating the amount of variability inherent in the estimate (Le.? the namwer the 

confidence interval, the more stable the estimate). 

In this study, only the initial episode of delirium (as defhed by the CAM) for each 

subject was included in the analysis. Information on subsequent deiirious episodes was 

not inchded. 

Unadjusted odds ratios (O.R.) were calculated as the ratio of number of incident 

cases of delirium when the host or environmental factor was present versus the number 

when the factor was absent. Similar to other delirium studies, bivariate correlations 

significant at p<. IO were entered into a multiple logistic regsession model. Non- 

significant variables were removed sequentially until ai i  the variables were significant 

(pc0.05). Those variables removed were added back into the model sequentially to 

ensure there were no d e r  signüïcant variables. Variables that were significant in 



previous studies but not significant in this study (eg, activity limitation, severity of 

illness) were entered into the f ia l  mode1 to assess contribution. Interaction terms 

benveen the main effects in the final mode1 were examined in order to determine whether 

the effect of an independent variable is modified by a second variable. 

Coefficient of determination. 

The use of R', the coefficient of determination. is well established in classical 

regression analysis (Rao. 1973). It is defhed as the proportion of variance "explained" by 

the regression model, and therefore usefiil as a measure of success of predicting the 

dependent variable from the independent variables (Nagelkerke, 1992). In more general 

binary response models, the concept of residuai variance cannot be easily defïned. The 

following generaiization has been proposed (Maddaia. i 983) 

where L(0) is the likelihood of the intercepts-only model, L P is the likelihood of the ('J 
specified model, and n is the sample size. Tbis measure achieves a maximum of less than 

1 for discrete models, with maximum given by 



Nagelkerke ( 199 1) proposed an adjusted coefficient, which can achieve a maximum valui 

of 1: 

The coefficient of determination is given for the fiil1 models. 

Analvsis of Outcornes. 

Data on outcomes associated with the developrnent of delirium were examined 

using logistic regression models for the dependent binary variables mortaiity, restraint 

use, morbidity and institutionalization, To d y z e  length of stay as a dependent 

continuous variable, a multiple linear regression mode1 was used. Factors identified in 

previous research as risk factors for these outcomes were included in the modets to 

determine the independent contribution of delirium. 



Chapter 5. Resuhs 

To reiterate. there were one hundred and sixty one patients meeting the study 

criteria fiom July 03. 1996 to September 18, 1996. Five individds (3%) refused to 

participate Ieading to a t ha i  sample size of one hundred and fifty six patients. These 

patients were foiiowed for 14 days afler admission or until discharge. Characteristics of 

the study sample are shown in Table 5. 

The mean age of the study population was 76.4 years (SD 6.48). Approximately 

61% (n=95) were femaie and 61% (II=%) were medical as compareci to surgical 

admissions. The majority (94%) of admissions were directly h m  home. 47% (n=74) 

were married. Almost half the study population (49%) had a gracie 8 education or less. 

The majority of the admissions were either urgent or emergency, and had no prior 

admissions to this hospital in the previous year. Scores on the MMSE ranged fiom 12 to 

30 on admission, with twenty seven (17%) research participants classifïed as cognitively 

impaired according to the MMSE. 

Incident delirium occurred in 28 patients (1 7.4%) in the study population. The 

median onset of delirium was hospital day 3 (range, day2-dayl4) . The majority (79%) 

of patients developed delirium within six days. Of those iadividuals with incident 

delirium, one-half (n=14) had an episode of delirium lasting at most twenty four 

hours, typically occurring at night. The remainder experienced delirium for two or more 

days, with three individuais experiencing delirium for six days (Table 6). 



Table 5 
Characteristics of Studv Po~ulation ln=lSQ 

Age. rnean (* SD) 76.4 yrs (-e 6.48) 

% of Total Sample 

Fernale 
Prior Residence 

Home 
Man'tal Stanrs 

Married 
Widowed 
Single 

Education 
< 8 yrs 
9 -  1 2 ~ ~ 3  
post-secondary 
University 

Admission 
Emergentwrgent 
EIective 



Table 6 
Patient Davs of Delirium 

# Days With Delirium # Patients 
1 14 
2 3 
3 3 
4 3 
5 1 
6 3 



5.1 Bivariate Andvses: Host Factors 

Unadjusted risk factors significant at p<. 10 included age, cognitive impairmen& 

ahormai hemoglobin value. diseases of the musculoskeletal system. and visual 

limitations (Table 7). Other than age, no demographïc variable was a statistically 

significant risk factor for delirium. Therefore. marital status. gender. education. whether 

or not they Iived alone. and type of admission were not significaat predictors of delirium. 

No single diagnostic category was found to significantly increase the risk of 

delirium, however as there were so few individuals with the same diagnoses, it was 

important to group diagnoses into larger clinical categories. The major ctinical category, 

diseases of the muscuioskeletal systern and comective tissue, was significant. As this 

category was significant, the disease diagnostic category of osteoarthritis was examined in 

m e r  detail, but was not significant at the bivariate level. 

Measures of positive and negative affeçtivity, and depression were not predictive 

of delirium. interestiagly, illness severity was not significant either as a continuous or 

dichotomous variable. 

Activity limitation, measured as a continuous variabie or as a binary score (severe 

(1) and mild to moderate (0)) was not a significant predictor of delirium. 

Other variabIes that were not significant at the bivariate level included dehydration 

ratio, the individual values for creatinine or urea, abnomal lab values, (with the exception 

of hemoglobin), fever, and intercurrent ilinesses. 



Table 7 
Unadiusted Odds Ratios for DeIirium (D < .Il: Host & Environmental Factors 

% Without % Unadj. CI (95%) 
Delirium With OR 

P SE 

(n= 128) Delirium 
(n=Z8) 

Host Factors 

Age (Continuous variable) 

Musculoskeletal Diseases 

Visual Limitation 

Hemoglo b in 

Cognitive impairment 

Enviroameotal Factors 

Catheterization 

S W F Y  

ICU Stay 

Mean Number of  Procedures 
@ay 4 inclusive) 
(Continuous variable) 

Mean Number of  Invasive 
Procedm (Day 4 indusive) 
(Continuous variable) 



5.2 Bivarïate Analvses: Environmental Factors 

Medications. 

The number of medications received while in the hospital was a significant risk 

factor at the bivariate level. Information conceming the number of admitting medications 

was not available for 47 patients and thus could not be analyzed. Medication classes 

found to be significant at the bivariate level @<. 10) included opiate agonists coded as a 

continuous variable, long acting benzodiazepines. and Hz Antagonists (Table 8). 

Combinations found to be signincant included demerol and Hz Antagonists, morphine and 

H2Antagonists, amidepressants and short-acting benzodiazepines. long-acting 

beazodiazepines and cardiac drugs, long acting benzodiazepines and H2 Antagonists. and 

benzodiazepines and opiate agonists (Table 8). Although demerol was borderline for the 

statistical significance cut4ff for inclusion in the mode1 (p<. 1 l), it was included as it has 

previously been found to be a risk factor for deiirium (Marcantonio, Juarez, GoIdman, et 

al. 1994). Findings related to medication classes hypothesized to increase the risk of 

delirium, based on the previous literature, are presented in Table 9. 

Environmental factors. 

A number of environmental factors were found to be significant at the bivariate 

level (Table 7). Significant environmental factors analyzed as binary variables included 

the use of a foley or suprapubic catheter, an intensive care unit (KU) stay, and 

undergoing surgery. Continuous variables include average number of procedures 

calculated over the first four days, and average number of invasive procedures calcuiated 

over the first four days. To control for the differential effects of length of stay between 
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Table 8 
Unadiusted Odds Ratios for Delirium ID < .1): Medications 

% Without % With Unadj. CI (95%) 
Delirium Delirium OR 

P SE 

(n= 128) (n= 28) 
Medications 

Number of Hospital 
Medications 
(Continuous variable) 

Opiate Agonists 
(Continuous variable) 

Demerol 

Morphine 

Benzodiazepines 
(Long Acting) 

Histaminez Antagonists 

Demerol & Histaminq 
Antagonists 

Morphine & H i i i n -  
Antagonists 

Antidepressants & 
Benzodiazepines 
(Short Acting) 

Antidepressants & 
Benzodiazepines 
(Short & Long Acting) 

Benzodiazepines (Long Acting) 2 3  10.7 5.0 1.0 162 1.61 0.85 
& Cardiac Dmgs 

Benzodiazepines (Long Acting) 0.8 7.1 9.8 0.9 11 1.8 228 1.24 
& Histamine, Antagonisis 

Benuidiazepines (Short & Long 1.6 1.1 2.3 0.47 0.19 
Acting) & Opiate Agonists 
(Continuous variable) 



Table 9 
Unadiusted Odds Ratios for Medications Predictive of Delirium in Previous 
Literature 

% Without 96 With Unadjusted CI (95%) P SE 
Delirium Delirium OR 
(n= 128) (n= 281 

Therapeutic 
~Iassiheation 
Anticholinergic 

Atimuscarinics 1 
Antispasmodics 
Antihistarnine 
Antiemetics 
Amidepressants 

Cardiac Dmgs 

Adrenals (Steroids) 

Non-Steroidal Anti- 
inflammatory Agents 

Benzodiazepines 
Short Acting 
Long Acting 

Narcotics 
Opiate Agonists 

(Continuous) 
Demerol 

u 

Note pC.10 
** pc.05 



delirious and non-delirious patients the mean omet of delllium (Day 4) was utilized as a 

cut-off point for variables collected each day the patient was in the study. As such 

number of procedures, number of invasive procedures number of visitors. and number of 

orienting objects were averaged over the 6 . r ~  four days. 

Variables that were not significant at the bivariate level included mean number of 

orienthg objects over the first four days, room type (ward versus semi or private), prior 

admissions over the preceding year, number of transfers during during hospitalization. 

consuits to professionai staff anaiyzed in combination and singly, and the presence of a 

telephone. The mean number of visitors over the fim four days was not significant. 

although no information was available for twenty six individuals. Individuals who lived 

alone were compared with those who did not to determine if they were more likely to 

have this information missing. There was no significant difference. Those variables that 

were significant in previous studies but not siguificant in this study are included in Table 

10. 

Use of restraints (including use of siderails, except on the day of surgery) was not 

predictive of the development of delirium. However. no patients were recorded as having 

tnink or pelvic restraints applied prior to the omet of delirium. in addition, use of patient 

controiled analgesia was not signincant for surgical patients. 

5 -3 Multivariate Analv ses 

Variables significant at p<. 10 were entered into the mutivariate model, and those 

significant at pc.05 were retained. The full multivariate logistic regression model 

included age (OR=l . 1 ), cognitive impairment (OR= 6.3),a high average number of 



Table 10 

Selected Non-Sipnificant Unadiusted Odds Ratios for Delirium (D> .IO): 
Host & Environmental Factors 

Host Factors 

Severe Activity Limitation 
Seveiity o f  Illness 
Abnomal Lab Values 

Abnormal Sodium 
Abnormal Potasium 
Elevated serum urea 

Fever 
Depression (CES-D) 
Male Gender 
Dehydration 
Environmental Factors 

Mean Number o f  .7 .3 1.4 -038 .4 
Orienting Objects (4 days) 
Viiiton (sumrnary - 4 days) 1.0 -9 1 .1  -.O03 .O4 



procedures over the first four hospital days (ORE3. I ), a hi& number of medications 

received during hospitalization ( O R 4  3, surgery (OR=7.6), and a period in the intensive 

care unit (OR= 22.4) (Table 11). No significant (p<0.05) interactions between main 

effects were found. The coefficient of detemination for this model was 41%. 

The variable for average number of procedures was further anaiysed utilizing 

various cut-off points h m  day 3 to day 14 and was found to be sipifkant in the full 

model regardless of the cut-off point utilized. 

Although number of hospital medications may be of interest in ailowing 

comparisons to previous Iiterature, it may be more helpful to clinicians to identie specific 

pharmacological agents that increase risk for delirium. When the variable number of 

hospital medications was removed from the model, two drug variables became 

significant, Hz Antagonists, and a combination of benzodiazepines and tricyclic 

antidepressants (Table 12). The coefficient of determination for this model was 46% 

To provide a direct comparison with the only other study of the effects of 

environmental variables on the development of in-hospital delirium, a multivariate model 

that included hospital days (a variable representing days to the development of delirium 

or discharge fiom the study) was examined. Variables significant in the fui1 multivariate 

model remained significant. In the previous study, catheterization was an important risk 

factor. To evaluate the independent contribution of catheterization, average number of 

procedures was removed fiom the full model and replaced with catheterization. This 

variable approached significance (p=.06) (Table 1 3). 



Table 11 
Adiusted Odds Ratios for Delirium: Multivariate Mode1 with Number of Hos~ital 
Medications 

Variable Adjusted OR P SE 95% CI 

Age (continuous) 1.1- 0.13 0.04 1.0 1.2 
Hospital Medication 1.2* 0.20 0.10 1.0 1.5 
(continuous) 

Cognitive Impairment 6.2** 1.83 0.68 1.6 23.7 
SWFW 7.6** 2.03 0.68 2.0 28.7 
Mean Number of Procedures 3.1* 1.12 0.45 1.3 7.5 
to Day 4 (continuous) 

ICU 22.4* 3.1 1 1.24 2.0 252.4 

Note: * pC.05 
** pC.01 

Adjusted RSquare = 4 1% 



Table 12 
Adiusted Odds Ratios for Delirium: MultivarÏate Model witb Medication Classes 

Variable Adjusted OR P SE 95% CI 

Age (continuous) 1.1** O. 13 0.05 1 .O 1. 
Antidepressants and 35.2* 3 .56 1.57 1.6 764 
Benzodiazepines 
Histamine2 Antagonists 4.2+ 1.43 0.62 1.2 14 
Cognitive Impairment 5.6* 1.71 0.67 1.5 20 
S W F Y  10.0** 2.3 1 0.71 2.5 40 
Mean Number of Procedures 3.8** 1.34 0.47 1.5 9 
to Day 4 (continuous) 
ICU 20.8* 3 .O3 1.30 1.6 264 

Note: * pc.05 
** pc.01 
*** p<.OOl 

- 

Adjusted RSquare = 46% 



Table 13 
Adiusted Odds Ratio for Delirium: Multivarîate Mode1 with Catheterization 

Variable Adjusted OR P SE 95% CI 

Age (continuous) 1.1* 0.09 0.04 1 .O 1.2 
Hospital Medication 1.3* 0.23 0.10 1 .O 1.5 
(continuous) 
Cognitive Impairment 4,6* 1.54 0.66 1.3 16.8 
SuWW 3.3* 1.20 0.59 1 .O 10.6 
Catheterization 3.1 @=.06) 1.14 0.62 0-9 10.5 
K U  3 1 .O** 3 -44 1.21 2.9 335.0 

Note: * pc.05 
** p<.OI 

Adjusted RSquare = 39% 



5.4 Outcomes Associated With Delirium 

Mortalitv. 

Seven patients die4 four of these individuals had experienced delirium. Delirium 

was a significant risk factor for mortality @<.OS) at the bivariate levei. Other variables 

significant at the bivariate level (p<. 10) included increased cornorbidity scores, older age, 

increased severity of illness, and cognitive impairment. In a muitivariate logistic 

regression model, individuals with higher comorbidity scores (OR= I -7) and cognitive 

impairment (OR=18.4) were more likely to die (Table 14). Once these variables were 

entered in the model, delirium was not an independent predictor of mortality. 

Institutionalization. 

There were seven individuals admitted to a higher ievel of care following discharge 

(e.g., retirement home to chronic care hospital). There were no significant @<. 10) 

predictors of institutionalkation. Variables examined at the bivariate level included 

activity Iimitations, whether or not the individual lived alone, inçreasing age, gender, 

severity of illness, cornorbidity, education, marital status, increased number of hospitai 

rnedications, and delirium. 

Combined institutionalization and mortalitv. 

For purposes of cornparison, institutionalization and mortaiity were combined as an 

outcome variable. Significant predictors at the bivariate level@<. 10) included 

individuals who lived alone, had higher comorbidity scores, were cognitively impaired, 

had an increased severity of illness score, had higher activity limitation scores, had a 

grade eight education or less, and had experienced an episode of delirium during 
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Table 14 
Simificant Unadiusted and Adiusted Odds Ratios for Mortalitv 

Adjusted 
Variabie Unadjusted Adjusted 95% C.I. P SE 

Odds Ratio Odds Ratio 

Age 1.1* 
(Continuous variable) 

Cognitive Impairment 19.3 **** 18.4*** 2.9 118.0 2.91 0.95 
Comorbidity 1.8*** 1.8** 1.1 2-8 0.58 0.23 
(Continuous variable) 
Delirium 6.9** 

Note: * pc.1 
** pe.05 
*** pc.01 

**** p<.OOl 



hospihtion. in a mdtivariate logistic model, individuais who had higher comorbidity 

scores (OR= 1.4), cognitive impairment (OR= 7.9,  and lived alone (OR=3 -7) were more 

likely to die or become institutiondized (pc.05) (Table 15). Deluium was not an 

independent significant predictor. 

Lenatfi of stav. 

Individuals experiencing delinun during their hospital stay had an average l e n o  

of stay of 20 days (SD 20) with a range of 2-82 days. One individual with delirium was 

taken out of the hospital by family members on &y 2' against medicai advice. 

Individuals £iee of delirium had an average length of stay of 8 days (SD 8.58), with a 

range of 2-52 days. 

Variables significantiy correlated with length of stay included increased severity of 

illness, increased activity limitation, and experiencing delirium. 

In a multiple linear regression model, individuals with higher severity of ilhess 

@=.O00 1), having an episode of delirium @--.O00 l), and a higher activity limitation score 

@=.O 1) were significantiy more likely to have a longer length of stay in the hospitai 

(Table 16). These three predictors explained 26% of the variance in length of stay. 

Restraint use. 

Seven individuals were r e h e d  using a nunk or lap belt. Al1 seven had 

developed delirium, md restcaints were an intervention by staff. No individual not 

experiencing delirium was restrained in this manner. 



Table 15 
Sigaikant Unadiusted and Adiusted Odds Ratios for lnstitutionalization or Death 

Adjuste 
Variable Unadjusted Adjusted 95% p , I 

Odds Ratio Odds Ratio Conf. Interval 

Activity Limitation 55.2** 
(Continuous variab k) 
Cognitive Impairment 8A* * * * 
Comorbidity 1.4** 
(Continuous variable) 
Delirium 4.1 ** 
Education 0.4* 
Lived Alone 2.8* 

Note: * pX.1 
** p<.o5 
*** p<.o1 

**** p<.OOl 



Table 16 
Linear Reeression Mode1 for Leneth of Stav 

Variable Panameter Standard 
Estimate Error 

Activity Limitation 14.3* 5.8 
(Continuous variable) 
Delirium 12.0** 2.4 
Iiiness Severity 2.0** 0.5 
(Continuous variable) 

Note: * p<.05 
**p<.OOO 1 



Morbiditv- 

There were 14 cases of intercurrent illnesses durhg hospitalization. In seven cases, 

the individuai was classified as delirious. Of these seven cases, only three cases 

expenenced an intercurrent illness following the delirious cpisode. Tn order to examine 

the outcornes associated with delirium, the four cases experiencing an intercwrent illness 

prior to the incidence of delirium were coded as -0" , not experiencing an intercurrent 

illness. A high number of hospitd rnedications, having less than grade 8 education, and 

experiencing delirium were significant ar the bivariate level (p<. 10). In a muitivariate 

logistic model, an increased number of hospitai medications (OR= 1.2) and education less 

thau grade 8 (O.R= 4.3) were weakly predictive ( p t  10) of developing an intercurrent 

ilhess (Table 17) Delirium was not an independent significant predictor of morbidity. 

Readmission. 

There were ten individuais re-admitted to the hospitai up to one month fotiowing 

discharge. Severity of illness, comorbidity, having Iess than grade eight education. a 

previous emergentfurgent admission, and increased number of hospital medications were 

significant predictors of readmission at the bivariate level (p<. 10). In a logistic regression 

model, higher comorbidity scores (OR= 1.4), greater than grade 8 education (OR=6.5) 

and a high number of hospital medications (OR= 1.3) were significant predictots of 

readmission (Table 18). Delirium was not an independent predictor of readmission. 



Table 17 
Significant Unadiusted and Adiusted Odds Ratios for Intercurrent IIlness 

Adjusted 
Variables Unadjusted Adjusted 95% p SE 

Odds Ratio Odds Ratio Conf. Interval 

Education 0.2* 0.2* 0-1 1.1 -1.47 0.81 
Number of Hospital 1.2* 1.2* 1.0 1.4 0.17 0.10 
Medications 
(Continuous variable) 

Note: 'pC.1 
** p<.o5 



Table 18 
Sipnificant Dnediusted and Adiusted Odds Ratios for Readmission Within 1 Month 

Adju! 
Variables Unadjusted Adjusted 95% C.I. p 

Odds Ratio Odds Ratio 

Comorbidity 1.3* 1.4* 1.0 2.0 0.33 
(Continuous variable) 
Education 4.2* 6S4* 1.2 36.5 1.87 

Entry Classification 4.2* 

Number of Hospital Medications 1.3 ** 1.3** 1.1 1.6 0.28 
(Contuiuous variable) 

Note: * pC.1 
** pC.05 



Chapter 6. Discussion 

The incidence of delirium was 17.4%, which falls within the range noted in 

previous studies. Median time to onset of delirium confïrms the findings of al1 other 

prospective studies? in that risk for delirium is greatest during the iïcst few days of 

hospitalization. Over one-haif of the patients developing deiirium did so at night. 

Noctumai exacerbation has long been recognized as a hailmark of delirium, possibly 

secondary to a decrease in semry cues by which a patient may orient himself or herseif 

(Nicholas & Lindsey. 1995). 

There are a number of Limitations associated with this study that must be 

considered. Despite biological plausibiIity for the associations found in this study. a nue 

etiologic link between these factors and delirium camot be determined fiom a descriptive 

study such as this. Other factors such as the strength of the association, consistency of the 

findings and presence of a dose-response relationship are important and should be 

exarnined in future studies. Further, it is unclear to what extent the results based on one 

hospital are generalizable to experiences in other settings. However, K-W Hospital does 

not differ dramatically with respect to funding, sbff characteristics, or patient population 

compared with other community based acute care hospitals in Ontario of similar size. 

Finally, relatively srnaii numbers of patients developing delirium and exposed to some of 

the risk factors caused wide confidence intervais. However, as this is an exploratory 

study designed to detect possible areas for intervention, the results provide a basis for 

future studies. 



There are a number of methodoIogical advances for this study compared to most 

previous studies of risk factors for delirium. These indude a prospective design. the use 

of a valid and reliabte instrument to detect delirium, daily structured interviews. and daily 

assessrnent for symptoms of dekum 

6.1 Predictors of Delirium 

In a muitivariate model, age, number of in-hospital medications, cognitive 

impairment, having surgery, niimber of procedures and a stay in the icu were significant 

risk factors for delirium. Two medication classes, Histaminez receptor mtagonists and a 

combination of benuxliazepines and tricyclic antidepressants were found to be significant 

when hospitai medications as a general variable was removed. 

Findings fiom previous studies conducted on risk factors for delirium are consistent 

with two of the risk factors found in this study, age (Gustafson, Berggren, Brannstrom, et 

ai. 1988; Marcantonio, Goldman, Mangione, et al. 1994; Rockwood. 1989; Scho- 

Levkoff, Lipsitz, et al. 1992; Williams, Campbell. Raynor, Musholt, Miynarczyk, & 

Crane. 1985) and cognitive impairment (Francis, Martin, & Kapoor. 1990; Gustafion, 

Berggren. Brannstrom, et al. 1988; Inouye, Viscoli, Horwitz, Hurst, & Tinetti. 1993; 

O'Keeffe & Lavan. 1996; Roçkwood. 1989; Schor, Levkoff, Lipsitz, et al. 1992). These 

factors are important clinically as they provide hedth care professionals with a basis for 

the development of screening assessments. Unfortunately, knowing that advancing 

chronological age increases the risk of delirium does not M e r  our understanding of the 

etiology of delirium or our ability to intemene and possibly prevent delirium. Age can be 

considered the ultimate confounder as the precise changes that occur with increasing age 
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that confer a greater risk for deiirium are unknown. it is known that aging affects the 

cholinergic activity within the brain (Francis & Kapoor. 1990). If such a Iink between 

delirium and the cholinergic system were codimed, this may be the process by which 

age influences the development of delirium. 

Decreasing sensory ability bas also ken  hypothesized as behg associated with both 

aging and delirium. in the present snidy, hearing ability was not associated with delirium. 

nor was vision impairment This h d h g  is in contrast with that of Inouye et al. (1993) 

wherein an ùicreased risk of delirium was found for individuais classified as having 

impaired vision. However, the small number of individuais classified as Msually 

impaired (n=6) makes it difficult to replicate this hding. The dserence in findings rnay 

also be associated with the sensitivity of the assessment, as the present study assessed 

ability to see reading material, while the previous study clinically evaluated vision. 

O'Keefe & Lavan (1996) operationaiized irnpaired vision as o c c ~ g  when activities of 

daily living were affecte& but did not find this measure to be a risk factor for delirium. 

Of interest, however, is that individuals in this study with side vision problerns or 

expenencing "halos" around lights were at an increased risk for delrium at the bivariate 

level. 

It is widely accepted that chronic cognitive impairment increases the risk of 

developing delirium (Francis, Martin, & Kapoor. 1990; Gustafson, Berggren, Brannstrom, 

et al. 1988; Inouye, Viscoli, Horwitz, Hurst, & Tinetti. 1993; O'Keeffe & Lavan. 1996; 

Rockwood. 1989; Schor, Levkoff, Lipsitz, et al. 1992). Once again, the specific 

mechanism underlying this increased risk is poorly understood. The consistency of the 
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finding may provide some support for the aniicholinergic hypothesis related to the 

etioIogy of delirum. 

Additional support for the anticholinergic hypothesis is provided by the finding that 

Histaminez (Hd receptor antagonists were a sipnificant risk factor for the development of 

delirium. Hz receptor antagonists included cimetidine and ranitidine. These dmgs block 

the stimulant action of histamine on the acid-secreting cells of the stomach, thus 

inhibiting gastric acid secretion. Hz receptor antagonists are commonly prescribed for 

gastroesophageai reflux disease (heartbum), peptic ulcersand for prophylactic treatment 

of patients receiving nonsteroidal ad-idammatory dmgs (NSAiDs). Although there 

have k e n  case reports of delirium associated with the use of Hz receptor antagonists 

(Weddington, Mueliing, & Moosa. 1982; Mogelnicki, Wallen, & Finlayson. 1979), this is 

the first prospective study to k d  an increased risk. Hz receptor antagonists are not 

classified as an anticholinergic medication, however the delirium associated with their use 

has been shown to be reversible with the use of physostigmine (Goff, Garber, & Jenike. 

1985; Mogelnicki, Wden, & Finlayson. 1979). The effect of physostigmine is to 

increase the amount of acetylcholine available at receptor sites in the centrai nervous 

system and elsewhere. Physostigmine is considered an antidote for cholinergie blocking 

agents as it prolongs and exaggerates the effects of acetylcholine. The fact that the use of 

physostigmine reversed the delirium suggests a possible anticholinergic action of 

cimetidine. Atternatively, the effects of physostigmine could be due to a non-specific 

stimulation of the central nervous system. Of interest, however, is that physostigmine 

therapy has been used with variable results in a limited number of patients with 
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Alzheimer's disease. In some patients, the dmg has improved cognitive andor behavioral 

b c t i o n  (Amencan Society of Health-System Pharmacists. 1996). A double-blind. 

placebo-controlled study of patients with Alzheimer's disease demonstrated that 

velnacrine, another chohesterase inhibitor, produced modest but significant 

benefits(Antuono. 1995). It may be that dmg intervention may uitimately be possible for 

the treatment of delirium. Unfortunately, medications such as physostigmine have serious 

side effects. such as seizures. 

A combination of benzodiazepines and tricyclic antidepressants increased the risk 

of delirium compared to those individuals not taking this combination. These 

medications are known to individually precipitate delirium as reported in case studies 

(Gomalin & Meirned. 1983). Although this combination is known to cause side effècts, 

delirium was not listed as one of those effects. Long-acting benzodiazepines al1 require 

phase 1 oxidative metabolism and therefore have prolonged half-lives in older patients. 

Tricyclic antidepressants have a moderate to high affinity at muscarinic cholinergie and 

H2 histaminergic receptors that is probably related to the untoward effect of delirium 

(Goodman & Gilman. 199 1). However, the small number of individuals ( n 4 )  taking this 

particular combination of medications precludes generalizability of this fmding. Yet, 

future studies may need to assess the contribution of medication combinations rather than 

single medication classes. 

Some medications found previously to increase the risk of delirium were not 

significant in the multivariate mode1 in this study. The use of narcotic analgesics bave 

been associated with delirium in two large prospective studies (Francis, Martin, & 
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Kapoor. 1990; Schor, Levkoff, Lipsitz et al. 1992) and were significant at the bivariate 

level in this study. However, narcotic d g e s i c  use was not a significant predictor of 

delirium in the multivariate model- Aiso, neuroleptics and psychoactive dmgs were not 

found to be significant. 

In contrast to the the findings of Schor et al., patients in this study undergohg a 

surgical procedure were found to be at higher risk for delirium then patients admitted to 

medical units. It is worth noting however, that there was a non-significant trend towards 

an increased risk in the previous study (Schor, Levkoff, Lipsitz, et al. 1992). It is possible 

that dBerences between the two populations account for this discrepancy. Schor et al. 

(1992) studied a university-based teaching hospital that may differ dramatically fiom 

comrnunity based hospitals in population characteristics. The increased risk of delirium 

for surgical patients in this study may be related to factors such as immunostimulation 

hypothesized by Weiss et al to lead to a decrease in plasma tryptophan, which in tm 

increase the risk of delirium (Weiss, Werner, Werner-Felmayer, & Wachter. 1991). 

The finding that a high number of procedures increased the risk of delirium is an 

important hospitaiization-related hd ing .  .lthough h u y e  & Charpentier (1996) did not 

include this variable, their related finding that any iatrogenic event increased the nsk of 

delirium provides compatible evidence. Their dennition of iatrogenic event included 

such factors as urinary tract infection following instrumentation, phlebitis, and transfùsion 

reactions (inouye & Charpentier. 1996). In order to incur an iatrogenic event, individuals 

typically must first undergo a procedure. The greater the number of procedures that an 

individual undergoes, the bigher the associated risk of experiencing an adverse outcome. 
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It is intereshg that catheterization was of borderline significance as a risk factor for 

delirium in this study when average number of procedures was removed from the model. 

However, inclusion of the average number of procedures that an individuai undenvent 

during hospitalization was associated with a higher explained variance in delirium. Thus. 

it may be the number of procedures that an individuai undergoes is important. regardless 

of what the procedures actually are. 

A high number of hospitai medications was a risk factor for delirium. This 

confirms the findings fiom two previous prospective studies (Foreman. 1989; houye & 

Charpentier. 1996). Risks associated with the use of multiple medications is important 

for the elderly. In a recent study of acutely hospitalized male veterans aged 65 and older, 

42% reported use of five or more prescription drugs (Satish, Hutner Winograd, Chavez, & 

Bloch. 1996). Further, elderly comrnunity residents using three or more prescription 

h g s  compared with one or two, were more likely to be t a b g  an inappropriate 

rnedication(Stuck, Beers, Steiner, Aronow, Rubenstein, & Beck. 1994). The increased 

risk of adverse events associated with the use of multipie medications (often referred to as 

polyphamacy) in the elderly is well known (see for example, (Stuck, Beers. Steiner. 

Aronow, Rubenstein, & Beck. 1994; Carr & Michele. 1994). In Ontario, one-third of aii 

reported adverse dnig reactions were on people older than sixty (Gowdey & Brennan. 

1985). In a previous study, polypharmacy was found to be a significant predictor of 

nming home placement (Satish, Hutner Who& Chavez, & Bloch. 1996). In a 

prospective study of 9651 admissions through an emergency department resultiag in a stay 

of more than 24 hours, 5.7% of al1 admissions were hg-related @artneLi, Anderson, 
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Chohan, et al. 1996). Udortunately, the multiple comorbid conditions experienced by the 

elderly may necessitate higher prescription practices. However, the variety of risks 

associated with muitipIe medication use highlights the sigoificance of judicious use of 

medications for the elderly. 

A stay in an intensive care unit was found to increase significantiy the risk of 

incident delirium. This may be related to the nature of the environment, with multiple 

invasive and non-invasive procedures, numerous consdts, noise and lighting. The 

number of procedures that each patient underwent whüe in K U  could not be detemiined, 

as not al1 procedures would have been recorded on the patient record. It is probable that a 

combination of factors increases the risk of delirium for patients in the KU. It is 

important to note. however, the wide confidence interval associated with this finding. 

Only seven individuais had a stay in icu. Of these, six individuais developed delirium. 

6.2 Non-Simificant Findings 

A number of variables previously noted to be a risk factor for delirium were not 

found to be significant at the bivariate or multivariate level in this study. Further, some of 

the environmental variables identified as possible risk factors were not significant. In 

some cases îhis may be due to low rates of exposure to the risk factor. For example, 

aithough f?acture on admission was a signincant risk factor for delirium in a previous 

study, only two patients were admitted with a fiacture during this study period. In this 

situation, the independent contribution of hctures codd not be assessed. However, for 

other potentiai risk factors, non-signiscant associations may be due to other reasons. It is 

important to discuss a number of these variables to provide a bais for future studies. 
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Delirium was not associated with severity of illness, in contrast to the findings h m  

the majority of studies conducted in teaching hospitals. Tais may refl ect a difference in 

severity of illness for admissions to teaching hospitals and community hospitals. in this 

study population, the highest severity designation was an "8" (n=2) on a 9 point ordinal 

scale. Physicians rated the severity of iliness for 12 (7.6%) patients in the severe range 

(7-9), with oniy two of these patients developing delirium. In cornpaison, the two other 

studies using the same tml rated 27% (0'Keeffe & Lavan. 1996) and 19% (Inouye, 

Viscoli, Horwitz, Hurst, & Tinetti. 1993) of the study population as severely iil. There 

may also be some differences according to who rated the patients. In this study, the 

admitting physician r a t 4  the patient. m e r  studies have used the prirnary nurse (Inouye. 

Viscoli, Horwitz, Hurst, & Tinetti. 1993) and the study physician (O'Keeffe & Lavan. 

1996). 

Activity Limitation was not a significant risk factor for delirium. whether as a 

continuous measure or for individuals with the most limitations. Some studies have 

found decreased physical fimction to be a significant risk factor for delirium (Williams. 

Campbell, Raynor, Musholt, Miynarczyk, & Crane. 1985; Marcantonio. Goldman, 

Mangione, et al. 1994) whiie others have not (Inouye, Viscoli, Honvitz, Hurst, & Tinetti. 

1993; O'Keeffe & Lavan. t 996). It rnay be that baseline activity levels are significant for 

certain subpopulations, for exarnple surgical patients. Those studies identifying activity 

limitation as a signincant risk factor were conducted with patients undergohg surgery. 

However, future studies using an observation-based measure of physical function are 

aecessary to determine the contribution of activity limitation. 



Fever, measured as a tempetanue greater than 37.5 was not a signifîcant predictor 

of delirium. Fever is a predictor of infection. In the eIderly population, the evaiuation of 

fever is difficult, Several studies have show that sigoiscant infections may be present in 

the elderly with an altered or no febrile response (GIeckman & Hibert. 1982; Finkelstein. 

Petkun, & Freedman. 1983). It may be that delirium occurs only at higher temperatures. 

and thus in future studies, body temperature should be measured as a continuous variable 

rather than as a di~hotomous variable. 

The evaluation of risk associated with admissions fÏom institutions was not possible 

in this study, as oniy six percent (n=10) of the study sampk were admitted from an 

institution. Of those admitted from an institution, three developed delirium. 

Abnomal lab values were not a significant risk factor for delirium, either singly or 

in combination. The oniy exception was a low hemoglobin, signifïcant at the bivariate 

level. This W i g  may have been confounded with surgery, explaining why it was not 

significant in muhivariate analyses. As many of the abnormal Lab values occurred in oniy 

a few individuals, this study may have lacked smcient power to adequately assess their 

contribution to the development of delirium. 

Social contacts was assessed through the use of a guest book. Unfortunately, 

almost 17% did not have information available. This may have indicated either that they 

did not have visitors, or that people did not sign in. Further, any estimate of the number 

of visitors is probably an underestimate, as not every visitor would sign in. It may be that 

it is not the number of visitors, but the type of support they are able to offer the patient, or 

perhaps the length of the visit, that is important. 
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Room Type (e-g. ward versus private or semi-private) was not a signîficant risk 

factor for delirium. it may be that the room type is not an important factor per se, but 

perhaps the Ievel of noise has more relevance. However. this is difficuit to measure due 

to the variability. Further. patients were moved to quieter locations if the noise was too 

disturbing, particularly at night. Because it is possible that cognitive impairnent 

differentially affects the risk associated with room type, an interaction between cognitive 

impairment and room type was analyzed however was not significant. The amount of 

noise and number of disturbances throughout the night may be an important 

environmental variable to include in fùture studies 

Number of room transfers has been hypothesized to be a risk factor for delirium. 

and yet was not confïrmed in this study. Patients had as many as three transfers during 

their hospital stay. Individuals receivhg rehabilitation therapy following surgery were 

transferred at least once during their stay. It may be that certain subpopulations (e-g. 

cognitively impaired) are at greater risk for delirium folIowing transfers; however. that 

interaction was not significant in this study. 

Those individuals who had been admitted to the hospitai during the previous year 

may have been more familiar with the surroundings, and perhaps at a decreased nsk of 

delirium. However, this hypothesis was not confirmed in this study. It is possible that 

familiarity with the surromdings is only important for certain subpopulations of patients. 

The number of consults to medical specialists and allied health professionals was 

not a significant predictor of delirium. This variable was intended as an indirect measure 

of the number of different staff in contact with the patient. A number of intervention 
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studies have attempted to limit the number of different staff in contact with the patient, 

and yet no prospective study has identified this variable as a risk factor. Initially, staff 

were asked to initiai a door sheet each tune they had some form of contact with the 

patient. Unfortunately, this proved too great a burden for hospital staff. As ailied health 

professionais must record each visit, departmentai records were used to determine the 

number of consuits. This area warrants M e r  investigation. however a method 

involving Iittle cornpliance fiom staffneeds to be developed. 

Im~lications for Clinical Practice 

The focus of this study was to ident* iatrogenic, hospitalization-related factors 

that contribute to delirium and are potentiaily remediable. As such, the signif~cant findiq 

that the average number of procedures that an individual undergoes during the fkst few 

days of hospitakition is important. While many of the procedures identified in this 

study may have been essentiai, a number rnay not have been. For example, blood tests are 

ordered routinely, and often many blood sarnples are drawn throughout the day. It rnay 

be usefiil to evaiuate this routine, decreasing both the nwnber of tests ordered. and the 

nurnber of bIood draws that are required. While the procedure itself rnay be important, 

the fiequency rnay be decreased without a concornmitant decrease in sensitivity. For 

example, how fiequently do x-rays need to be taken in order to evaluate clinicai progress? 

Further, it rnay not be the procedure itself that is critical, but something associated with 

the procedure. It rnay be that there are different staff corning in to do each procedure, thai 

the procedure itseif is not king fully explained, or some other reiated factor. 



The other factor identified in this study that is amenable to intervention concerns 

the increased risk of delirium associated with a greater number of medications given 

during hospitalization, Histamine2 receptor antagonists and the combination of tricyclic 

antidepressants and benzodiazepines. Recently the value of prophyiactic treatment with 

an Histaminel receptor antagonists was questioned, as a prospective study found patients 

taking these in combination with NSAIDS experienced a significantly higher risk for 

serious gastrointestinai complications (Singh, Ramey, MorfeIk Shi. Hatoum, & Fries. 

1996). It may be beneficiai for elderly hospitalized patients to have pharmacists directiy 

involved with the physician to review medication interactions and potentiai adverse 

effects. Further. a process could be developed whereby admitting medications and in- 

hospitd medications are reviewed on an ongoing basis. Physicians need to seriously 

consider every additionai medication ordered in light of the increased risk of adverse 

interactions. 

Research Recommendations 

1. intervention studies aimed at decreasing the incidence of delirium should be 

undertaken. Possibilities include: 

Does a reduction in the number of procedures decrease the risk of delirium? 

Are there different approaches to procedures that may decrease the risk of 

delirium? 

1s there a temporal factor associated with procedures? That is, if d l  procedures 

were undertaken at once, does this decrease risk of delirium? 



2. Wouid a joint initiative between pharmacy and medicine designed to reduce the 

nurnber of medications that a patient is prescribed during hospitalization decrease the 

incidence of delirium? 

3. The association between HistamineZ receptor antagonists and the development of 

delirium requires fiirther study. In particular, is there a dose-response relationship 

between Histaminez receptor antagonists and delirium? As doseage may be standard, 

is duration of use signifiant? 

4. Are there specific combinations of medications that lead to an increased risk of 

delirium? 

5. Does early discharge with home care lead to a decreased incidence of delirium? 

6. Does a stay in the ICU resuIt in an increased risk of delirium? If so, what are the 

contributhg factors associated with the increased risk? 

7. Does decreased physical function measured by observation lead to an increased Rsk of 

delirium? 

8. Does the type of social contact inauence the development of delirium? 

6.3 Outcomes Associated With Delirium 

The secondary purpose of this study was to examine the outcornes or consequences 

of delirium while controllhg for confowidig or extraneous variables. Despite the 

numerous outcornes hquently associated with delirium, an increased length of stay and 

use of trunk or pelvic restraints were the only signincant outcornes at the multivariate 

level in this study. It is important to recognize, however, that the fiequency of any of the 

outcornes was low, and thus the power to detect a significant ciifference may be 



diminished. This m d y  does, however, highlight the importance of controliiig for risk 

factors known to influence the outcome examined. 

An increased length of stay for individuais with delirium is an important finding, 

confirrning the results of other prospective studies (Francis, Martin, & Kapoor. 1990; 

Levkoff, Evans. Liptzin, et al. 1992). Delirium is an independent risk factor for increased 

length of stay, while controlhg for severity of iiiness and activity limitations. This is of 

considerable consequence for heaith care plamers. As length of stay increases. so does 

the risk of other iatrogenic events. For example. in a population already comprornised. 

the increased length of stay rnay have a significant influence of physicai function. As our 

ability to detect, prevent and intemene in cases of delirium improves, the expected impact 

includes a reduced length of stay. 

The use of restraints other than siderails was an adverse outcome associated with 

delirium. Rationaie for restraint use documented in the patient record was to prevent 

injury to the patient. There is no basis to support the efficacy of restraints to safeguard a 

patient fiom injury. In fact, as early as 1885, in an early nursing test, Weeks cautioned 

"in violent delirium, restraint must be effectuai or it oniy aggravates the trouble ... With 

proper attendance physical restraint is seldom necessary and should be avoided if 

possible ..." (p. 302). In a review of the literature regarding restraints, Evans & Stnimpf 

(1 989) found a wide variety of adverse effects associated with restraint use in the elderly, 

including accidental death, functionai decline, skin abrasions and cardiac stress. This 

review cited a number of studies supporthg the fuiding that restraining a delirious patient 

serves to increase panic and fear, and produce angry, belligerent, or combative behaviour 
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(Evans & Stnimpf. 1989). Unfortunately, research is lacking on satisfactory alternatives 

to restraint. in a prospective study of patients with a hip fracture who were experiencing 

del i r im Williams et al (1985) identified environmental manipulations related to six 

problems: strange environment; aitered sensory input; loss of control and independence: 

disruphon in life pattern; immobility and pain; and dismption in elimuiation patterns. 

Interventions inciuded, for example, correcting sensory deficits by ensuring glasses and 

hearing aids were used, keeping the number of hospital personnel who interact with the 

patient to a minimum. and providing a rationale for dl procedures (Williams. Campbell. 

Raynor, Mlynarczyk. & Ward. 1985). 

The fmdings regarding mortaiity are important for two reasons. One, delirium was 

a significant predictor of mortaiity at the bivariate level. This confïrms the results of 

many of the previous studies (Gustafson, Berggrea Brannstrom, et al. 1988; Guze & 

Cantwell. 1964; Levkoff, Evans, Liptzin, et al. 1992; Rabins & Folstein. 1982). Second, 

and most importantly, delirium was not a significant predictor of mortality when 

comorbidity and cognitive impairment were controlied, a finding supported by others 

(Francis & Kapoor. 1992; Francis, Martin, & Kapoor. 1990; Levkoff, Evans, Liptzin, et 

al, 1992). 

There were no significant risk factors identified for institutionalization foiiowing 

discharge, however in order to compare with a large prospective study, 

institutionalization and mortality were combined. In this model, several variables were 

significant predictors. Individuais who lived alone were 3.4 times more likely to die or be 

institutionalized compared to individuals who lived with others. This is a well-known 
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risk factor for institutiodization. and Liighlights the importance of adjusting for this 

factor in studies examining the relationship between delirium and institutionalization. 

Individuals with cognitive impairment were 7.5 rimes more IikeIy to die or become 

institutionalized compareci with individuals not cIassified as tiavhg cognitively 

impairment. Although houye et al (1993) believes combining institutionalkation and 

mortality may increase the accuracy concerning the independent contribution of delirium 

by avoiding the inferentiai bias that occurs when evaluating the risk of delirium to 

institutionaiization alone, this procedure cemains controversiai. 

Patients who had experienced delirium were at an increased risk of morbidity 

during hospi+dization when analyzed at the the bivariate b e l ;  however, delirium was not 

a significant risk factor in a muluvariate modei. Unlike the study by Rogers et al. (1989) 

behaviours consistent with delirium (e-g., psychiatrie comult, disrupting the ward with 

inappropriate behaviour) were not classified as cases of morbidity. Even at the bivariate 

level, delirium could only be considered weakly significant @=.OS). When education and 

increased number of hospital medications were entered into the model. delirium was no 

longer significant. A paper published afler this study was completed identified a 

combined variabLe representing urinary incontinence, pressure sores and falIs as a 

significant risk factor for delirium. Thus, it may be thai delirium does not have an 

independent contribution to the risk of morbidity, but does lead to an increased risk of 

adverse events. 

The findiigs fiom this study highlight the importance of controlling for those 

factors known to idluence the outcome. For example, fiiture studies on the risk of 



deiirium associated with institutionalization shodd control for whether or not the 

individual lives aione, in addition CO other well known risk factors such as age, cognitive 

impairment and activity limitation. 

Clinicai imdications, 

Restraint use is not generaily recommended for use with the detirious elderly, and 

defhitely should not be used as a substitute for surveilIance. Interventions such as 

companionship during the night, changing treatment to a less aggravating fom (e.g., oral 

feedings rather than nasogascric or intravenous), and interventions designed to increase 

the safety of the environment (e-g.. low bed, bed alarm systems) may serve to decrease or 

eliminate the need for restraints. 

Decreasing !ength of stay is currentiy a significant trend in heaith care. 

interventions designed to decrease the risk of deIirium should therefore be undertaken, as 

length of stay will be impacted. 

Research Im~lications 

In order to provide vaiid estimates of the independent contribution of delirium to 

adverse outcomes, it is critical to control for knovin risk factors. Future studies aimed at 

evaluating outcomes in delirium will also need to consider appropriate foliow-up penods. 

1s a follow-up period of six months appropriate to assess outcomes such as physical 

frrnction, cons ide~g  the possible influence of other intervening factors that may 

differentiaily affect patients with delirium. 



Chapter 7. Study 2: Delirium in a chronic care setting 

The previous prospective study identified risk factors for delirium in an acute care 

setting. Yet. many of the risk factors for delirium, such as advanced age, cognitive 

impairment and decreased functional abiIity have a high prevalence in an institutionalized 

population. However, few studies of delirium have been undertaken in long term care 

settings. Prevalence of delirium in United States nursing homes range fiom 6% to 12% 

(Katz, Parmetee, & Brubaker. 1991), yet the prevalence and risk factors associated with 

delirium for patients in a chronic care setting remains unknown. Studies undertaken in 

American nursing homes may not be directly comparable to data fkom Canada due CO 

differences in admission criteria. 

Although prospective studies of delirium provide the strongest evidence. they are 

also expensive to conduct. in the previous study, hospital employees and physicians 

contributed valuable tirne to answer questions and run reports. Two research assistants. a 

study coordinator, and a data-entry clerk were hired for three months. In addition, there 

was secretaxial support. Thus, even for a refatively smail scaie study, there are significant 

costs. An economic alternative may be a cross-sectionai study based on existing data, 

This type of study would identi@ possible risk factors for delirium and provide a basis f o ~  

future prospective studies. One of the major Limitations of this type of study is the 

reliance on adequate detail h m  pre-existing records. However, the chronic care setting 

provides a unique opporhinity to overcome this limitation, as a standaidized assessment 

tool is currently in use. The Minimum Data Set (MDS) was mandated for use with ail 
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patients in a chronic care setting in Ontario on July O 1. 1996. The MDS is a 

comprehensive patient assessment covering 16 specific areas. including items designed to 

assess delirium. The MDS contains an assessment of rnany of the risk factors for delirium 

identified in previous studies such as functionai status. cognitive impairment. and 

infections. The comprehensiveness of the information. and the objective. standardized 

assessment of the MDS may provide researchers with a feasibIe, cost-effective method of 

identiwg possible risk factors to provide a basis for tùture research. The purpose of t h i s  

study was to identie the prevalence of delirium and potential delirium in a chronic care 

population. Multivariate models of risk factors for patients identifieci by the MDS as 

potentially delirious were developed. Reliability of specific items included in the MDS 

was assessed, and reliability of the delirium items were evaluated- FinaIly, the utility of 

the MDS as a research tool for delirium is discussed. 



Chapter 8: Literature Review 

This chapter describes the development of the MDS and the procedure for 

completion of the MDS. The psychometric properties of the MDS will be described. A 

description of the Resident Assessment Protocols (RAPs) triggered by MDS items. 

including the delirium RAP will be discussed, A cornparison of the MDS items specific 

to delirium and the DSMW criteria will be undertaken. 

8.1 The Minimum Data Set (MDS) 

Descrirition and Deveio~ment 

The MDS is a standardized assessrnent of a patient's tùnctional. medical 

psychosocial and cognitive status (Appendix P ) (Hartmaier, Sloane. Guess. Koch, 

Mitchell, & Phiilips. 1995). The MDS highlights resident needs relevant to current 

function and to the potentiai for maximizing functioning. The MDS instrument is 

designed to be minimal in its content, yet capture the core elements needed for a 

cornprehensive assessment(h.lorris, Hawes, Fnes, et ai. 1990). 

The MDS was developed and initially tested in the United States under contract 

with the Health Care Financing Administration with four fundamentai goals: 

1. to replace nonuniforni and cursory assessment 

2. to stimulate Ieaming and facilitate assessment and care planning 

3. to lead to improved care planning and care provision and enhance quality of Iife 

4. to serve as a mode1 for the method by which the MDS would continue to be 

updated(Morris, Hawes, Fries, et al. 1990). 



The development of the MDS occurred in severai stages. Initially. over 60 patient 

assessment instrument.. were reviewed to identfi common domains, definitions. 

responses and scoring patterns (Moms, Hawes, Fries. et al. 1990). The next stage 

consisted of chical deliberations, extensive review and revisions. In addition to project 

clinicians and researchers, professionals from a variety of clinical disciplines and 

additional experts were assembled into a clinical consultant panei and advisory cornmittee 

(Moms, Hawes, Fries, et al. 1990). Foilowing this. the MDS was tested in U.S. nursing 

facilities, and the reliability of individual items was evaluated. 

The use of the MDS in Medicaid-certified nursing facilities is now mandated by 

federal regulation in the US. Recentiy, completion of the MDS has been mandated for 

ail chronic care patients in Ontario. 

MDS Procedure 

The MDS is structured so that health care professionais are required to directly 

observe and assess patient performance over all shifts during a specified tirne period. 

Generally, this t h e  penod is seven days, although for some areas the assessment period 

may occur for up to 90 days. Information required to complete the MDS is acquired 

through chart review, interview with other health care professionals, and interaction with 

and observation of patients. The MDS requires 60 to 90 minutes to complete. A 

Registered Nurse is responsible for CO-ordinating this assessment. 

MDS assessments are completed at regular intervals. The initial MDS is completed 

witfiin 14 days of the patient's admission to a chronic care hospital. Following this, an 



assessrnent is undertaken if there is a significant change in the patient's status. and 

annually. In addition, eight of the sixteen assessrnent areas are updated quarterly. 

MDS Reliabilitv & Vdiditv 

In order to examine the inter-rater reiiability (agreement arnong raters) of items 

included in the MDS, dual patient assessments were completed for 187 patients in twenq 

facilities in the United States (Morris et al., 1997). Weighted Kappa coefficients ranged 

fkom -19 to 1.0. 

The range of reliabilities obtained highlights the need for future studies designed to 

evaluate the sources of unreliability. Fwtber, as differential reliabilities exist across 

domains within the MDS, site-specific reliabilities need to be examined. In addition. 

reliability of the MDS when used by facility staff under usual conditions (as opposed to 

research) has not been assessed. 

Despite the enonnous potentid of the MDS, few studies have assessed the vaiidity 

of the measures within the MDS. Areas that have received some attention include 

cognition (Morris, Fries, Mehr, et al. 1994; Rowe-Sleeman. 1996), ADL (Williams, Fries, 

& Warren. 1997), incontinence (Crooks, Schnelle. Ouslander, & McNees. 1995; Resnick. 

Brandeis, Baumann, & Morris. 1996; Brandeis, Baumann, Hossain, Morris, & Resnick. 

1997) and a measure of sociai engagement (Mor, Branco, Fleishman, et al. 1995). In 

general, measures within the MDS have k e n  found comparable to other measures 

assessing sirnilar area (criterion validity); however, some areas of concem have been 

noted. For example, when compared to %et checks)', MDS recordings regardiig 

incontinence were valid in deterrnining whether a resident was continent or incontinent. 
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Unfortunately, however, MDS items were not sensitive in idenuQing even marked 

changes in the frequency of incontinence in response to prornpted voiding (Crooks, 

Schnelle, OusIande~ & McNees. 1995). Thus, the MDS is d l  relatively new, and 

f i e r  studies mua be undertaken to assess the validity of the measures included. 

Reiiabilitv of the Delirium Measure 

Reliability of the delirium measure was assessed in two ways - as a trichotomous 

rating and as a dichotomous rating. When delirium was assessed a s  a trichotomous 

measure, weighted Kappa coefficients ranged fiom -63 to -77, indicating moderate 

agreement. However. how weti does the measure assess behaviour associated with 

delirium as opposed to chronic bebaviour or no behaviour indicators? When Kappa 

coefficients were calcuiated for a dichotomous measure (0-1 versus 2), the results 

obtained were much lower. Kappa coefficients ranged fiom -24 to -65- Four of the six 

measures did not ariain even moderate agreement (ie. kappa coefficient r .40). Thus, 

aithough the nurse evaluators were able to differentiate between behaviour present or not, 

their ability to assess recent behaviour changes was far less reliable. In a previous paper 

evaluating the reliability of an earlier version of MDS, the authors felt that the problem 

did not Lie with the assessors understanding of the instrument, but rather that facility staff 

were unable to accurately and consistently recognke changes in the patient's condition 

(Hawes, Morris, Phillips, Mor, Fries, & Nonemaker. 1995). Despite low reliabilities, the 

serioumess of delirium warranted continueci inclusion of the items in the h d  MDS 

(Hawes, Morris, PhilIips, Mor, Fries, & Nonemaker. 1995). 



In a study of the effects of cognitive impairment on reliability of MDS measures. 

assessment of individuais with cognitive impairment were significantiy less diable chan 

assessments of cognitively intact in four of the five indices assessed (Phillips. Chu 

Morris, & Hawes. 1993). It may be that the influence of cognitive impairment is 

significant for delirium. Unfortunately, however. the indicators of delirium were not 

assessed. 

8.2 Resident Assessment Protocols (RAPS) 

Although the MDS provides a form of preliminary screening, resident assessment 

protocols. or "RAPs" are fhmeworks for additionai assessment. Individual items or 

combinations of items on the MDS trigger further assessments on the basis of one of the 

18 Resident Assessment Protocols (RAPS) (Ouslander. 1994). For example, if a patient 

was assessed as having a pressure uicer, the pressure ulcer RAP wouid be triggered. Once 

a RAP is triggered, the next step is to initiate clinical reviews (possibly requiring 

additional data gathering and assessment), care planning and patient monitoring to reduce 

or manage risks to the patient's weU-being (MDS manual, 1996). RAPS were developed 

by clinical experts, and cover a broad range of conditions cornmon in nursing home 

populations. The goai of the RAP is to ident* potential heaith risks, and guide the 

interdisciplinary team through a stnictured, comprehensive assessment of the patient's 

füuctional status (MDS manual, f 996). In addition, RAPs have been promotd as an 

outcome measure to be used in longitidunal research to evaluate interventions strategies 

(Hirdes. 1995). 



Each RAP is composed of four sections. Section 1 provides an overview of the 

condition and may include the focus of the protocol. Section ii speciiïes the MDS 

mggers that suggest the possibility of the condition. Section III describes guidethes to 

facilitate care planning. These guidelines assist staff to evduate the '%iggered" condition 

(MDS manual, 1996). Information is provided in order to evaluate factors that may 

cause, contribute to. or exacerbate the condition. Section N is a RAP key, providmg a 

sumrnary of the triggers and guidelines. 

Delirium RAP 

The delirium RAP was developed to idente potentially delirious patients and is 

constmcted from nine MDS items (Appendix Q ). Six items are captured under the MDS 

heading "indicators of delirium" and include the following: 

1. Easily distracted 

2. Periods of altered perception or awareness of surroundings 

3. Episodes of disorganized speech 

4. Penods of restlessness 

5. Periods of lethargy 

6. Mental function varies over the course of the day 

When any of these indicators are present over the 1st  seven days and appear difTerent 

h m  the resident's usual bctioning, the delirium RAP is triggered. 

In addition to these specific indicators, t h e  general indicators are also included 

within the RAP. These three general indicators include a deterioration in cognitive status, 



mood or behavioural symptoms compared to status of 90 days ago. Any one of these 

items will trigger the delirium RAP. 

8.3 MDS Indicators of Delirium com~ared to DSM criteria 

Athough six items are identified within the MDS as indicators of delirium, no 

sensitivity and specificity is described. Thus. it is useful to compare these items with four 

features of delirium that have been found to have the highest sensitivity and specificity 

for diagnosing delirium as compared to psychiatrist's ratings (Inouye, VanDyck. Alessi. 

Bali& Siegal, & Horwitz. 1990). Sensitivity ranged fiom 94 -100% and specificity 

ranged fiom 90 to 95%. These four features are based on DSM criteria and include: 

1. acute onset and fluctuaihg course 

2. inattention 

3. and either disorganized thinking 

4. or altered level of consciousness. 

In cornparison with feahms known to have high sensitivity and specificity, the 

MDS indicators encompass the majority of these criteria. Acute onset (as behaviour is 

assessed over previous seven days), and fluctuating course (mental function varies over 

the course of the day) are assessed. Further, aithough not labelled as inattention, the 

operationai definition for "easily distracted" is comparable. Disorganized thinking may 

be evidenced in the MDS by "episodes of disorganized speech". The last item, altered 

level of consciousness is not assessed cornpletely. The MDS identifies "Periods of 

lethargy" as an indicator of delirium; however, bat is oniy one aspect of altered level of 

consciousness. The delirious patient may alsr, present as hyperalert. 



The MDS includes two additiond indicators. "Periods of restlessness" is defined in 

the MDS as an indicator of delirium, and yet this item is not included in DSM IV criteria. 

Periods of restlessness is defined as fidgeting or picking at skin, clothing, napkins, etc.: 

frequent position changes, repetitive physicai movements or calling out (MDS manuai, 

1996). The MDS manual discusses the dficuities of assessing delirium in patients with 

pre-existing cognitive impairment or pre-existing behaviours such as restlessness. 

Therefore, the "periods of restlessnessn indicator may be designed to aid in the detection 

of delirium for these individuais. However, there is currently no valid assessment of 

delirium for the severely cognitively irnpaired. and the usefihess of this item as an 

indicator of delirium is open to debate. 

Also included in the MDS is the item '' perods of altered perception or awareness of 

surroundings". The operational definition for dis item is similar to that identified in 

DSM IV as the development of a perceptual disturbance. In previous research, the 

individual clinical feature of perceptuai disturbance was found to have a hi& specificity, 

but low sensitivity for the diagnosis of delirium (Inouye, VanDyck Alessi. Bakin, 

Siegal, & Horwitz 1990). When added aione or in combination with other items to the 

four indicators, perceptual disturbance did not increase the sensitivity or specificity of the 

delirium measure (Inouye, VanDyck, Alessi, Bakin, Siegal, & HoMitz. 1990). 

Summary 

The MDS is a comprehensive assessment tool mandated in the province of 

Ontario for al1 chronic care patients. The staudardized, objective information combined 

with the completion of assessments at regular intervais represent enormous research 



potential. Despite this. the wide range of reliability coefficients, and the low reliabiIity 

coefficients obtained for the deiirium measure suggest site-specific reliability assessmentz 

are required. The majority of items required to suggest a diagnosis of delirium are 

included within the MDS, although level of consciousness is ody  partially assessed. 

Therefore, estimates regarding prevalence of delirium c m  be obtained. As assessors are 

not trained specifically to detect delirium, many patients with delirium may be missed. 

The delirium RAP. a tool developed to identify potentiaily deiirious patients, includes 

broad, general indicators, and therefore may be useful as a screening measure. The 

delirium RAP also includes possible risk factors for delirium within the guidelines. 

providing a fi-amework for the development of multivariate models. 

8.4 Research Ouestions 

The primary focus of Study Two was to identie prevalence of delirium in the 

chronic care population and possible risk factors. The secondary focus was to evaluate 

the utility of the MDS for delirium research. The research questions for Study Two were: 

1. What is the prevalence of delirium in patients admitted to a chronic care 

institution? What are the possible risk factors for delirium in patients admitted 

to chronic care? 

2. What is the utility of the MDS for delirium research? 



Chapter 9. Methods 

This section of the paper describes the methods undertaken to address both the 

prirnary and secondary research questions for Study Two. The study design and 

procedures followed to address reliabiIity of the MDS, the prevalence of delirium and 

potential delirium, and the identification of risk factors associated with the MDS delirium 

RAP in a chronic care population wiii be described. The definitions and methods of 

analysis of the research measures will be discussed. The statistical models employed to 

address both the primary and secondary research questions will be described. In keeping 

with the previous study, risk factors are divided into two main categones; host, factors 

that are interna1 to the individual; and environmental, factors that occur during 

hospitaiization and are extemal to the individual. 

9.1 Desien 

Sam~le size. 

AU patients admitted to or residing in the chronic care institution between July 0 1, 

f 996 and September 30, 1996 and meeting the inclusion and exclusion criteria were 

included in the analysis, leading to a total sample size of 230 patients, 

Studv ~ouulation. 

This cross-sectional study was conducted at Grand River Hospital, Freeport site, a 

chonic care hospital. Potential study participants included dl patients aged 65 years of 

age or older. Patients who were identified as comatose (n=4) were excluded from the 

analy sis. 



Training on the Minimum Data Set 

Data were obtained by registered nurses (R.N.s) who performed direct assessments 

of patients based on version 2-0 of the MDS. RN.s underwent a two-day standardized 

training program in assessment based on the MDS. In addition. the R.N.s received a 

manuai providing detaiIed instructions on ail MDS 2.0 protocols. 

Reliabilitv Testing 

Twenty eight patients were randody chosen to have duai assessments of sections E 

(Mood and Behavior Patterns), G (Physicd Functioning and Structural Problems) and P 

(Speciai Treatments and Procedures). One nurse assessor was the usual staff R.N. 

assigned to complete the MDSI and the second assessor was the staff R.N. who provided 

the MDS training within the facility. This individual had the most experience complethg 

MDS assessments and participated in the initial training of nurse assesson in Ontario. 

Each nurse completed the assessment blindly and independently for the same 7 &y 

period, and was prohibited fiom discussing the resident or their assessments with each 

other. 

9.2 Measures 

Delirium. 

The MDS-2 Delirium Rap (Appendix Q) was utilized as the measure of delirium. 

Two versions of delirium were created fiom the Delirium Rap items. A dichotomous 

variable (1 =yes, O=no) cepresenting whether or not the Delirium Rap was triggered, and a 

continuous variable constnicted h m  the presence of any of the MDS delirium RAP 

triggers. Therefore, the continuous dependent variable ranges fiom O to 9, with 9 



representing an individual who was positive on each item. For purposes of cornparison. a 

delirium variable based on D S W  criteria was constnicted based on the following items 

in the MDS assessed as " behaviour present over 1 s t  7 days appears different fiom the 

resident's usud functioning" : 

1. Easily distracted, and fluctuahg mental fiuiction and either 

2. periods of altered perception or episodes of disorganized speech or periods of lethara. 

independent variables. 

Previous studies and variables identified in the delirium RAP guidelines provided a 

reasonabie tiamework for choosing variables representing broad clinicai domains and 

reducing the more than 350 MDS variables to those most usehl as risk factors for 

delirium. The independent variables available in the MDS assessment included both host 

and environmental factors as defined in section 4.3 of the Methods Chapter. The 

foilowing section describes the host and environmental factors examined. The variable 

name in square brackets represents the MûS-2 variablelitem identifier (see Appendix P). 

Host factors included both sociodemographic and health factors. 

Sociodemographic factors incIuded age, gender and marital status. 

Age [ad]  was estimated £iom the date of birth and represented a continuous 

variable for age as of Sept, 30th 1996. 

Gender [ad]  was anaiyzed as a dichotomous variable (rnale=O, femaie=l). 

Marital Status [as] was dichotomized as married=l and not married=O (includes 

never married/widowed~separated~divorced). 



Health variables included cognitive hctioning, vision and hearing, mood, 

depression and mood Activities of Daiiy Living (ADL) measure. bowel and bladder 

continence, disease diagnosis, comorbiàity, infection. pain, dehydration, abnormal lab 

values, fever and stability of condition. 

Cognitive Impairment : was assessed through the use of the Cognitive 

Performance Scale (CPS) (Morris. Fries, Mehr, et al. 1994). The CPS combines five 

MDS items (comatose status, decision-making, short-temi memory, making self 

understood, and eathg performance) bto a single, hierarchical cognitive rating scale 

creating 7 categories of cognitive impairment. The CPS showed substantiai agreement 

with the MMSE in the identification of cognitive impairment; sensitivity was -94 and 

specificity was -94 (Hartmaier, Sloane, Guess, Koch, Mitchell, & Phillips. 1995). As 

comatose status was utilized as an exclusion critena for this study, it was not included in 

the CPS variable used in this study. To represent cognitive impairment, patients with a 

CPS score of 2 or more were coded as 1 (cognitively impaired). Patients with severely 

impaired decision-making skils [b4] were classified as severe cognitive impairment. 

Vision [dl] was assessed as the ability to see in adequate light with glasses if used. 

Vision was analyzed both as a continuous variable and as a dichotomous variable 

(adequate or slightly impaired coded as 0, moderately/highly/severeiy impaired coded as 

1). 

Visual limitations [d2], a rneasure of whether the individual saw "halos" around 

lights or experienced decreased peripheral vision, was analyzed as a dichotomous variable 

(any limitation coded as 1, no limitation coded as O) 



Hearing [cl] was assessed with a hearing appliance if used. Hearing was 

anaiyzed both as a continuous variable uid as a dichotomous variable (hem adequately 

or with minimai difficulty coded as 0, and h e m  in special situations only and highly 

impaired coded as 1). 

Depression was assessed direcdy and indiredy, based on a diagnosis of 

depression [i lee] or whether or not the Mood State Rap Key (Appendix R ) was triggered. 

Both indicators were andyzed as binary, with 1 representing depression or possible 

depression. 

Activities of Daily Living (ADL) [gI] was based on the scores frorn individual 

ADL items. When used as a dinical measure, raters are able to score an item as '8' for 

activity did not occur. For the purposes of this study, '8' was recoded as '4' for total 

dependence. In addition, a more generai variable, change in ADL [g9] was anaiyzed as a 

binary variable, with 1 representing a deterioration in ADL. 

Continence status was assessed for both biadder Ch1 b] and bowel @la]. Urinary 

and bowel incontinence were anaiyzed as a continuous variable and as a dichotomous 

variable (1 represented kquently or always incontinent). An overdl assessrnent of a 

change in urinary continence [h4] was anaiyzed, with 1 representing a deterioration in 

urinary continence. 

Disease diagnoses pl] were examined as a binary variable (Appendix S). 

Comorbidity score was c o m c t e d  t h u g h  the use of the Comorbidity index 

(Chadson, Pompei, Ales, & MacKenzie. 1987) applied to those disease diagnoses 

identified [II]. Comorbidity was analyzed as a continuous variable. 
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Infection was d y z e d  as a dichotomous variable- Individuais with any of the 

infections listed in items Sa - 2 1  were coded as 1. individuid infections affecting greater 

than 3% of the population were also assessed separately. These include antibiotic 

cesistant infection. urinary tract infection and wound infection. 

Dehydratioa was analyzed as  a dichotomous based on whether or not the 

DehydratiodFluid Maintenance Status Rap (Appcndix ï) was triggered or a positive 

response to Cj lc]. 

Fever 1 hl was d y z e d  as a binary vanable. with 1 representing fever. 

Pain was assessed as pair: fkquency 02a] and pain intensity Cj2bj. Pain fiequency 

was analyzed as a continuous and dichotomous variable, with patients 1 if pain o c c d  

daily, A second dichotomous variable was created based on pain intensity. Individuals 

experiencing pain daily and raîing the intensity as moderate to excruciating were coded as 

1. 

Abnormal lab values Ep9] was andyzed as a dichotomous variabte. 

Stability of Condition was assessed as two variables. Whether or not the 

patient was experiencing an acute condition as andyzed as a binary variable. with I 

representing an acute condition. The second variable was whether or not the patient was 

terminally iI1, with 1 representing 6 or fewer months to live. 

Environmentai factors included activity involvement, medications, physician's 

orders and visits, treatments & procedures, falIs, consults with other health care 

professionals, social support, social engagement, testraint use, and prior hospital stays.. 



Activity [dl, the time the patient was involved in activities. was assessed as a 

continuous variable and as a dichotomous variable with little or no time invoived in 

activities coded as a 1 .. 

Medications included the number of medications used in the last 7 days [ol], any 

new medications initiated during the last 90 days [o2], and receipt of the foIlowing 

medications; antipsychotic [da], antianxiety [o4b], antidepressant [ o ~ c ] ,  and hypnotics 

[o4d]. Number of medications was analyzed as a continuous variable. and as a 

dichotomous variable. Whether or not the patient had received a new medication was 

analyzed as a dichotomous variable. Individual medication classes were analyzed as 

dichotomous variables, individuals who had received the medication during the Iast 7 

days were coded as 1. 

Physician Orders [p8] were examined as a continuous variable. This item is 

assessed as the number of days in the previous 14 that the physician changed the patients 

orders. 

Physician Visits [p7] were examined as a continuous variable. This item is 

assessed by the number of days the physician has examined the patient over the previous 

14 àays. 

Procedures were assessed indirectly by the receipt of treatments[p 1 a and ksa]. 

Treatments were analyzed individually as dichotomous variables (1 representing received 

treatment), and as a continuous variable consûucted fiom the following: chemotherapy, 

dialysis, monitoring acute medical condition, ostomy care, oxygen therapy, suctioning, 

tracheostomy care and intravenous fluid administration. Radiation, transfusions and 
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ventilators were not used within this facility, and therefore were not hcluded. The use of 

a foley catheter P d ]  was analyzed separately as a dichotomous variable. 

Fah Cj4a. j4b, j4c, j4d] were assessed individually as dichotomous variables. 

Consults were the number of contacts with formai health care providers 1 bl. 

Contacts with a q  of the health care disciplines were analyzed individually as 

dichotomous variables ( n d  and yes-1) and as a continuous variable (the nurnber of 

consultations to different services). 

Social Support was assessed inàirectly by the item 'absence of personal contact 

with family/fiiends' [Qe]. This was analyzed as a binary variabie. with 1 representing 

absence of contact. A second variable was also evduated 'recent loss of close famiiy 

membedfiiend [Efl and anaiyzed as a binary variable (1 =yes). 

Social Engagement was analyzed as a continuous variable based on six items [fi]. 

In a sample of 2175 residents of nursing homes, internai consistency for the six items was 

Cronbach's alpha= .79 (Mor, Branco, Fleishrnan, et al. 1995). 

Restraint use [p4]was analyzed as a dichotomous variable. with 1 representing the 

daiiy use of my of the restraints Listed with the exception of the haif rail Wb]. 

Prior hospital stay in the last 90 days Cp5] was analyzed as a conrinuous variable, 

and as a dichotomous variable with 1 representing any acute care hospitalization. 

9.3 Data Anahsis 

Reiiability 

Reliability of the MDS items were assessed by cornparhg the dual MDS 

assessments completed by the two nurses. Kappa coefficients were calculated in order to 



compare the findïngs with the weighted kappa coefficients hom the US. reliability study. 

Kappa coefficients assess how well two raters agree - that is to what extent different 

raten classi@ a subject into an identicai category. The kappa coefficient is defined as: 

II0 - II- 
k= 

1 - Ire 

When there is perfect agreement, k equals 1. When the agreement equds that expected by 

chance, k is O. Thus, the closer the value is to 1, the higher the level of agreement 

between the two raters. 

Mdtivariate Models 

Variables identified in previous research as potential nsk factors for delirium and 

environmental variables hypothesized as risk factors and included in the MDS were 

analyzed at the bivariate level. As there were so many possible predictors, ody  those 

variables significant at pC.05 and affecthg 3% (n=7) of the population or greater were 

entered hto the mdtivariate model. Two variables consistentiy identified as sigaificant 

risk factors for delirium in previous studies were entered into the multivariate model 

regardless of bivariate significance. These were age and cognitive impairment. Variables 

sigaificant at p<.05 were retained in the nnal model. 

Logistic regression was used to examine the binary delirium variable, whether or 

not the individual triggered the delirium rap. Logistic regression has been previously 

described. 

Multiple linear regression was the statistical model used to examine the relationship 

between the continuous delirium dependent variable, a continuous measure of items fiom 



the delirium RAP, and potential risk factors. However. Pearson correlation coefficients 

(r) between the predictor variables and the continuous measure of delirium were f i t  

examined. Bivariate correlations sigdicant at p<.05 were entered into a multiple linear 

regression model. 

Independent or predictor variables in non-experimentai data sets are ofien correlated 

with one another. If these corrdations are moderate to high, then the regression 

coefficients are greatly af3ected. The present data showed no excessive intercorrelations 

among the predictors with the exception of the association between bowel incontinence 

and activities of daily living. In this case. only one variable was entered into the final 

model at a tirne. 

The equation for a multiple linear regression model is represented by: 

y = a + B  , X l + B 2 ~ 2 f . . . B k ~ k f  e 

wherein Y is the response variable. in this case a continuous variable representing items 

fiom the delirium RAP, B k ~ k  represents the predictor variables, and e is the random 

deviation. The value of PI gives the average change in y when q increases by 1 unit while 

the values of al1 other predictors are held frxed. 

Non-significant variables were removed sequentially until al1 the variables were 

significant (pc0.05). Those variables removed were added back hto the model 

sequentially to ensure there were no other signficant variables. Interaction terms 

between the main effects in the nnal model were examined in order to detemine whether 

the effect of an independent variable was modifieci by a second variable. 



Chapter 10 Resuits 

There were 230 patients who met the smdy criteria and were assessed using the 

MDS between Juiy 0 1,1996 and September 30.1996. The average age was 79.8 years 

(SD 7.8). Of these, approximately 67% were femaie. The majority (54%) of patients 

were widowed. 145 (63%) of the patients were classified as cognitively impaired, 87 of 

those patients classified as cognitively impaired were severe or very severely impaired 

according to the cognitive performance scaie. The median score on the ADL measure 

was 35 on a scaie ranging h m  0-44 with 44 indicating the rnost disability. 

Approximately 74% (n=171) of the patients iriggered the moodrap, indicating mood 

distress. Variables not examined because prevaience was less than 3% included 

dehydration Ij Ic] and whether or not the patient had a hip or other fiacture in Iast 6 

months D4cl. 

10.1 Reliabilitv 

Section E: Mood and Behaviour Patterns 

Kappa coefficients were calculated for 25 items in Section E (Table 19). in some 

cases, coefficients were not calculated as the table was not symmetrical (eg. only one ratel 

coded patients as a "4"). The coefficients obtained for section E ranged fiom a low of b 

.26 to 1 .O (Table 19 ). Of the 25 items assessed, 13 (52%) items achieved a reliability 

coefficient of k 175. For those items without a kappa coefficient, ai i  had high leveb of 

inter-rater agreement. 



Kama Coefficients for Section E: Mood and Behaviour Patterns 

Section E Item Kappa Coefficient US. Weighted Kappa Coefficient 
ela -79 -70 
elb 
e lc  
eld 
e le  
e l f  
e lg  
elh 
el i 
elj 
elk 
el1 
eIm 
eln 
eto 
e[p 
e2 
e4aa 
e4ab 
e4ba 
e4bb 
e4ca 
e4c b 
e4da 
e4db 
e4ea 
e4eb 

Unable to caiculate Kappa as coding is assymetrical. Value ( ) indicates fiequency of perfect agreement. 



Section G: Phvsical Functioning and Structural Problems 

Kappa coefficients were calcdated for 15 items in Section G . Kappa coefficients 

ranged from k.28 to k.94 (Table 20). Of the items assessed. 8 (53%) achieved a 

reliability coefficient of k 2.75 . Levels of agreement ranged widely for those meamres 

without kappa coefficients caiculated. 

Section P: Speciai Treatments and Procedures 

Section P had coefficients ranging fkom k. 19 to k = 1 .O (Table 2 1). Of the 12 

items assessed, 5 (42%) achieved a reliability of k 2.75. 

10.2 Prevaience of Delirium 

There were 48 (20.9%) patients identified as potentially delirïous. as they had 

triggered one or more items included in the delirium RAP. Eleven (4.8%) patients met 

the cnteria for a diagnosis of deiirium according to DSMIV. 

The fiequency for each of the indicatoa included within the deiirium rap is 

described in Table 22 . Thus, a deterioration in mood was one of the items most 

fiequently triggered within the RAP. Patients were assessed as having from one to eight 

of the items included withui the RAP (Table 23 ). Only three patients triggered eight 

items, and no patient triggered al1 nine items. 

Although the majority of individuais triggered a combination of items in the 

delirium RAP, it is of interest to note the number of individuals triggering the RAP due to 

a single variable. Of those patients identified as potentially delinous, 15 (3 1%) triggered 

a single variable within the Delirium RAP, typically one of the more general indicators 



Table 20 
Katma Coefficients for Section G: Phvsical Functioning and Stiuctural Problems 

Section G Item Kappa Coefficient U.S. Weighred Kappa Coefficient 
glas .80 .9 1 
g lab 
glba 
glbb 
31- 
gicb 

gIdb 
g Iea 
gleb 
g l f i  
glfb 
glga 
glgb 
glha 
glhb 
glia 
glib 
g lja 
g l i i  
.@ 
@a 
g3b 
34= 
g4ab 
g4ba 
g4bb 
g4ca 
g k b  
g4da 
g4db 
g4ea 
g4e b 
g4fa 
g4fb 
87 

Unable to calculate Kappa as coding is assyrnetrical. Value ( ) indicates frequency of perfect agreement. 



Table 21 
Kama Coefficients for Section P: Saeciai Treaîments and Procedures 

Section P Item Kappa Coeftïcient U.S. Weighted Kappa Coefficient 
p3a (21R8)** .73 

* not caiculated 

* 'Unable to caIcuIate Kappa as coding is assymenicai, VaIue ( ) indicates fiequency of perfect 
agreement. 



Table 22 
Freauencv of MDS Delirium RAP indicators 

MDS Indicator Frequency 
EasiLy Distracted 12 (52%) 

Periods of Altered Perception 

Episodes of Disorganized Speech 

Perio& of RestIessness 

Periods of Lerhargy 

Mental Function Varies 

Detenoration in Cognitive Statu 

Deterioration in M d  

Deterioraiion in Behavioral Symptoms 



Table 23 
Freauencv of Patients Triggerine Delirium RAP Indieators 

Nwnber of Delirium Rap Indicato~ Number of Patients mggenng 
1 15 



(Table 24) . Thus, six patients were included as potentiaily delirious due to being 

assessed as having had a "deterioration of mood status". 

Of the 48 patients who triggered the delirium W. 10 were also assessed as 

"rarelyhever understood". Therefore. approximately 2 1% of the individuals assessed as 

being potentidly delirious were able to communicate to staffusing at best. resident- 

specific sounds or body language. Furthet, for the seventeen patients û-iggering fiom 4 to 

8 items on the d e h u m  RAP, 6 patients were also classifïed as rarely or never understood. 

Approximately 42% (n=20) of the patients triggering the delirium RAP were severely 

cognitively impaired. 

10.3 Significant Bivariate Risk Factors: Logistic Remession Mode1 

Host Factors 

There were a number of variables significant (pC.05) at the bivariate level based on 

whether or not the delirium RAP was triggered (Table 25 ). These included cognitive 

impairment, triggering the Mood RAP, deterioration of ADL, deterioration in urinary 

continence, triggering the dehydration RAP, a fall in previous 30 days, an abnormal lab 

value, an acute episode, and experiencing a terminal illness. In addition, there were four 

disease diagnoses significant at the bivariate level, including cardiac dysrhythmias, heart 

failure, hemiplegia and rend failure. 

Environmental Factors 

A continuous variable measuring number of treatments was significant at the 

bivariate level. in addition, use of a foley catheter, receiving a new medication within the 



Table 24 
Freauencv of Sinde RAP Indicators 

DSMIV criteria oniy 2 

Any of the specific indicators only* 5 

Detenoration of cognitive status only 5 

Detenoration of mood natus onty 6 

Deterioration in behavioural symptoms only 2 

'indudes DSMIV cnteria, may be more than one of the indicators 



Table 25 
Unadiusted Odds Ratios for Potential Delirium 

Host Factors Unadj. CI (95%) 
OR 

P SE 

Cognitive Impairment 2.7 1 3  5.7 -98 39 

Mood RAP 

Deterioration of ADL 

Deterioration in urinary 
continence 

Disease Diagnoses 
Cardiac Dysrhythmias 
Heart Failure (CHF) 
Hemiplegia 
Rend Failure 

Dehydration (RAP) 
Fe11 in past 30 days 
Abnormal Lab Value 
Stability of Condition 

Acute episode 
Terminal illness 

Environmental Factors 

Procedures 

Foley Catheter 

New Medication within past 
three months 

Number of times Physican 
changed orden in 2 weeks 



previous 90 days, and an increased number of days the physician changed the patient's 

orders were signincant at the bivariate level. 

10.4 Significant Bivariate Risk Factors: Linear Remession Mode1 

Host Factors 

When the dependent variable was continuous, a number of variables were 

significant (Table 26 ). Significant bivariate associations included femaie gender. 

cognitive impairment, trïggering the Mood RAP, increased dependence in ADL, a 

deterioration in ADL, a deterioration in urinary continence, increasing bowel 

incontinence, tnggering the dehydration RAP. expenencing an acute condition or 

terminal care, any infection, and specificaüy a urinary tract uifection or wound infection. 

Significant medical diagnoses included cardiac dysrhythmias, congestive heart faüure, 

hemiplegia, cancer and rend failure. 

Environmental Factors 

Significant environmental factors included an increased number of medications, 

new medications in the previous 90 days, use of a foley catheter, a faIl in the previous 30 

days, an increased number of days the physician changed the patient's orders, and an 

acute care hospital admission in the previous 90 days. 

10.5 Significant Bivariate Risk Factors DSM N 

When the dependent variable was deLirium as defined solely by DSMtV criteria, 

significant @<.OS) host nsk factors included a deterioration in ADL, deterioration in 

urinary continence, and experiencing a terminal iilness (Table 27). Significant medical 

diagnoses included congestive heart failure, cancer, and rend failure. Cognitive 



Table 26 
Simificant Bivariate Correlations with the Continuous Delirium Measure and 
Predictor Variables 

LMDS Variable r P 

Host Factors 
Gender (Female) 
Cognitive Impairment 

Mood RAP 

ADL 
(continuous) 
(bivarïate) 

Deterioration in Continence 

Bowel Continence (cont.) 

Disease Diagnoses 
Cardiac Dysrhymiias 
Congestive Hem 
Hemiplegia 
Cancer 
Renal Failure 

Dehydration Rap 

Stability of Condition 
Acute episode 
Terminal Illness 

Infection 
Urinary Tract 
Wound infection 

Fa11 in previous 30 days 
New Physician orders 
Environmental Facton 
Number of medications 
New medications 

Foley catheter 

Rior hospital stay 



Table 27 
Unadiusted Odds Ratio for Delirium Based on DSMW criteria 

iinacij- CI (95%) P SE 
OR 

Cognitive impairment 6.2* -78 49.5 1.8 1.1 
Deteriomion in ADL 62****  1.8 21.7 1.8 -64 
Deterioration in urinary 14.4**** 3.8 53.9 2.7 -67 
continence 
Diagnoses 
CHF 43**  1.02 172 1 -4 -72 
Cancer 4.1 ** 1.1 14.8 1 -4 -66 
RenaI Failure 133*** 3.8 63.1 1.6 -79 

Terminal [Ilness 5.9** 1.4 25.1 1.8 -74 
Number o f  Medications l2*** 1.04 1.3 -16 .O6 
Number of New Orders 12** 1.01 1.4 .17 .O8 
Previous hosp stay 16.0*** 2.4 108 2.8 -97 

pc.10 
** pc.05 
***p<.o 1 



impairment was significant at p=.O8. Significant environmental risk factors included an 

increased number of medications, an increased number of chys the physician changed the 

patient's orders, and an acute care admission in the previous 90 days. 

10.6 Multivarïate Model: Lop;istic Remession 

Those variables signifïcant at the bivariate level (pC.05) were entered into a 

multivariate mode1 (Table 28). Host factors signif?cant in whether or not the delirium 

RAP was triggered included: cognitive impairment (OR=3.5), t r i g g e ~ g  the Mood RAP 

(18.9), and a deterioration in ADL compared to status 90 days ago (OR=6.6). A diagnosi! 

of hemiplegia exened a protective effect (O.R.=.07). Further. an interaction between the 

main effects of co_enitive impairment and deterioration in ADL was significant. The only 

significant environmental variable was an increased number of days the physician 

changed the patient's orders in the previous 14 days (OR=lS) . 

10.7 Multivariate Model: Continuous Delrab: Multide Linear Remession 

Significant factors (pc.05) for the continuous dependent variable included cognitive 

impairment, a deterioration in ADL compared to status 90 days ago, rend failure, 

experiencing a terminal illness, increasing bowel incontinence, and a wound or urinaq 

tract infection (Table 29). In addition, there was a significant interaction between 

cognitive impairment and terminal illness. Once again, the only significant 

environmental variable was an increased number of days the physician changed the 

patient's order over the previous two weeks. Approximately 42% of the variance in the 

continuous measure of delirium was explained by this combination of variables. 



Table 28 
Loeistic Remession Mode1 for Potential Delirium 

Variable Adjusteci OR B SE 95% CL 
Hemiplegia .O?** -2.65 -96 .O1 -47 
cognitive Impairment 3 . S  126 .53 1.2 9.9 
Mood RAP 18.9*** 2-94 -85 3.6 99.8 
Deterioration in ADL 6.6* 1.89 -63 1.9 22.7 
Number of New Orden t .5*** 39 -09 1.2 1.8 
interaction between cognitive ** 3.55 139 
impairment and deterioration in 
ADL 

Note: * pC.05 
** p<.Ol 
*** p<.OO 1 



Table 29 
Linear Remession Mode1 for Potential Delirium 

Variable Parameter Standard 
Estimate Error 

Cognitive Impairment .61** 20 

Detenoration in ADL -91*** 28 
RenaI FaiIure L -44' -46 
Urinary Tract Infection .79* -3 7 
Wound Infection 132* -44 
Teminal Illness 1.93 ** -42 
Number of new orders -13*** -04 
Bowel Incontinence .12* .O6 
Interaction between 3.65*** -72 
cognitive Unpainnent and 
terminal illness 

Note: p<.O5 
** pc.01 

*** pc.001 



10.8 Multivariate Model: Deiirium based on DSM TV 

When the dependent variable was de1iriur.n based on DSMIV criteria, cognitive 

impairment (OR=52.2) and a deterioration in urinary continence (OR=24.5) were 

sipificant host nsk factors. Significant environmental nsk factors included an increased 

number of medications (OR=1.3), and an acute care hospital admission in the previous 90 

days (OR=l8.9) (Table 30 ). 



Table 30 
Multivariate Mode1 with DSMIV as Deriendent Variable 

MDS Variable OR CI P SE 
Cognitive 522* 1-7 999 4.0 1.8 
Impairment 
Deterioration in 74.5*** 4.0 149.3 3 3  -92 
urinary continence 
Nurnber of 13** 1.1 1.5 2 5  .O9 
medications 
Previous 
hospitalization 18.9* 1.6 222 2.9 13 

R' adj = 44% 



Chapter 1 1. Discussion 

Approximately 2 1 % (1148) of the patients in chronic care were defined as 

potentially delirious when assessed according to the MDS- This prevalence probably 

overestimates the number of patients who wouId be diagnosed with delirium as it is based 

on a screening measure. When DSMIV criteria were applied, 4.8% (n=ll) of the chronic 

care patients would be diagnosed with delirium. As assessors were not trained to detect 

delirium, the true prevalence probably falls somewhere between these two figures. 

Regardless, the range falls within the prevalence previously noted within acute care 

settings, and is similar to that found in U.S. nursing homes. 

1 1.1 Risk Factors for Potential Delirium 

Multivariate Loeistic Remession Model 

Cognitive impairment, a risk factor identified in the previous study and also 

consistently identified in other delirium research, was found to be a significant predictor 

of potential delirium. Individuals with cognitive impairment were 3.5 times more likely 

to trigger the delirium rap compared to individuals without cognitive impairment. The 

rationale for the significance of the association between cognitive impairment and 

delirium has been described previously. 

One disease diagnosis was si@cant in the final model. Those individuals with a 

medical diagnosis of hemiplegia/hemiparesis were less likely to develop delirium than 

those individuals without this diagnosis. This variable remains significant while 

controlling for a detenoration in activities of daily living. The rationale for this finding is 

puzzling. No other study has found a medicai diagnosis to be significant; however, 
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because previous studies were conducted with acute care populations. 

hemiplegia/hemiparesis may not be as prevalent. Most of the patients in a chronic care 

setting would have a long-standing diagnosis. Hemiplegia is obviously associated with 

decreased functional ability, a significant risk factor for delirium in previous studies and 

yet in this study, individuals with herniplegia were at less risk of being assessed as 

potentiaily delinous. It may be that some other factor is confounding this association. 

Those individuals who had a deterioration in their ADL self-performance status 

compared to 90 days ago were 6.6 times more likely to trigger the delirium RAP 

compared to individuals with an unchanged or improved ADL status over the previous 90 

days. Previous research has identified a decreased fuactional ability at baseline as a nsk 

factor for delirium (Williams, Campbell, Raynor, Musholt, Miynarczyk, & Crane. 1985; 

Marcantonio, Goldrnan, Mangione, et al. 1994). However, in a prospective study of 

patients admitted to a geriatric assessrnent unit, patients with delirium were significantly 

more likely to experience a deterioration in functional status (O'Keeffe & Lavan. 1997). 

As this study is cross-sectional, it is impossible to determine if the deterioration in ADL 

preceded or is as a result of the potential delirium. However, a deterioration in ADL (as 

opposed to baseline ability) may be an important risk factor to assess in future prospective 

studies. 

Those individuals who triggered the Mood RAP were approximately 19 times more 

likely to trigger the delirium RAP than those individuals who did not trigger the Mood 

RAP. The Mood RAP is intended to screen for mood distress, and is assessed based on 

mood during the previous 30 days. These mood States may occur anywhere fiom once in 
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the past 30 days to daily. The Mood RAP includes indicators of depression, amiety, sad 

mood. and mood persistence. Of the 48 individuals who triggered the delirium RAP, 45 

triggered the Mood rap. The previous prospective study did not find a significant 

association between psychologicai well behg and delirium. and only one prospective 

study has found depression to be significant. It is ciifficuit to determine the relationship 

between potential delirium and the mood RAP, particularly as the Mood RAP can be 

triggered by even one occurrence of distress in the past 30 days. The significance of the 

Mood RAP rnay in part be reiated to the association betweea tbis measure and the 

deterioration in mood included in the delirium RAP. However, the correlation between 

the two variables, while significant, is only F-25, and thus only 7% of the variation in 

deterioration in mood can be explained by the variation in the moodrap. 

Once again, temporal order is ~roblematic, as it rnay be that the indicators of mood 

are as a result of potential delirium. For example, patients experiencing delirium rnay be 

more iikely to ask repetitive questions or verbaiizations, items which wouid trigger the 

Mood W. 

Those individuals with an increased number of days that the physician changed the 

patient's orders were more Iikely to trigger the delirium W. It rnay be that the constant 

order changes affected the patients medications, or the order changes rnay have disrupted 

the patients usual routines. Altematively, the increased number of orders rnay have been 

the physician's attempt to decrease the syrnptoms associated with the potential delirium. 

In this model, the effect of cognitive impairment was modified by the effect of a 

deterioration in ADL. Thus, individuals with cognitive impairment who experienced a 
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deterioration in ADL over the previous 90 days were at greater risk than patients with 

cognitive impairment who improved or mauitained ADL. However. effect modification 

detected at the analysis stage is ofien measured less precisely than overail exposure 

effects, and although important, may be regarded as best suited for hypothesis generation 

requiring confirmation in subsequent studies. 

Linear Remession Mode1 

Similar to the previous model, cognitive impairment and a deterioration in ADL 

were significant risk factors. As the rationaie underlying the association between these 

variables and potential delirium have been described. only variables unique to the linear 

regression model will be discussed in detail. 

Those individuals with r e d  failure were at an increased risk of delirium. R e d  

failure causes an increase in urea and creatinine levels (Ganong. 1993, and Ieads to 

mental deterioration and confusion in addition to other symptoms. It may not be the 

accumulation of urea and creatinine per se but the accumulation of other toxic substances, 

possibly orgmic acids or phenols, that produce the symptoms (Ganong. 1995). 

Individuals who had a wound or urinary tract infection were s ignif icdy more 

likely to trigger one of the delirium items. A previous prospective study found infection 

was a significant risk factor for delirium (Schor, Levkoff, Lipsitz, et al. 1992). Fever 

occurs concurrently with many infections, and there are experimental data to support a 

causal Iink between fever and delirium (Siesjo, Carlsson, & Hagerdal. 1976; Bilbert. 

1968). However, delirium may occur in infected patients without fever. It may be some 

feature of infection other than fever that underlies the development of delirium in patients 
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with infections. Cytokines or bacteriai products have been suggested as possible links in 

the association between infection and deiirium (DinareUo. 1984: Kadlecova, Masek & 

Rom 1974). 

Those individuals experiencing a terminai illness were more likely to trigger an 

hcreased number of delirium indicators. The increased risk associated with tenninal 

illness is comparable to the increased risk of delirium associated with severe illness noted 

in previous studies (Francis, Martin, & Kapoor. 1990; inouye, Viscoli. Horwitz. Hurst, & 

Tinetti. 1993; O'Keeffe & Lavan. 1996). 

hcreased bowel incontinence led to an increased risk of delirium items triggered. 

Although urinary incontinence has been assessed in previous studies. the risk associated 

with bowel incontinence has not. Bowel incontinence is associated with increased levels 

of cognitive impairment. In this study, bowel incontinence and severe cognitive 

impairment were significantly correlated (r=.46), thus 2 1% of the variance in bowel 

continence c m  be explained by the variance in severe cognitive impairment. However, 

bowel incontinence is significant even when cognitive impairment is controlled. The 

independent contribution of bowel incontinence is unknown; however, it may be that the 

relationship between bowel incontinence is confounded by another factor such as 

fiinctional status. Although ADL was not sipnincant in the rnultivariate mode1 even when 

the variable representing bowel incontinence was removed, the correlation between ADL 

and bowel incontinence was strong (r=.71). Thus, 50% of the variance in bowel 

incontinence is explained by the variance in ADL. It may be that ADL has an indirect 

influence on delirium. 



Once again, a significant interaction was identifïed between the main effects. The 

effect of cognitive impairment was modified by the effect associated with a terminal 

iliness. No similar interaction has been found in other studies; however, palliative 

patients were typicaiiy excluded (Inouye, Viscoli. Horwîtz, Hurst. & Tietti. 1993; 

O'Keeffe & Lavan. 1996). Thus, those individuds with cognitive impairment who were 

experiencing a terminal illness were at greatest risk. However. as previously described. 

this interaction would need to be contirmed in fiiture prospective studies. 

1 1.2 Risk Factors for Delirium 

DSM Mode1 

When the dependent variable was based on DSMTV criteria for a diagnosis of 

delirium as opposed to potential delirium, cognitive impairment and a deterioration in 

urinary continence compared to statu 90 days ago were signincant host factors. 

Sigaificant environmental factors included an increased number of medications and a 

recent acute care hospitaiization in the previous 90 days. It is of interest to note that with 

the exception of cognitive impairment, the other significant variables were not included in 

either the logistic or linear regression models when the dependent varïabIe was "at rïsk" 

rather than a diagnosis of delirium. Unfortunately, however, this mode1 must be 

interpreted with caution, as there were only 1 1 individuals classified as delirious. The 

small proportion of patients experiencing delirium results in a greater potential for 

unstable predictive estimates. Yet it may be that the models based on the delirium RAP 

are including diagnoses other than delirium, and thus are capturing risk factors that are 

not specific for deiirium. 



Summarv of Multivariate Mode1 Risk Factors 

Cognitive impairment was consistently identified as a risk factor. whether the 

dependent variable was potential delirium or delirium. Surprkingiy. age was not 

identified as a risk factor in any of the multivariate models. With the exception of 

medical diagnoses, cognitive impairment and terminal illness. the other risk factors 

identified are susceptible to the limitations associated with a cross-sectionai study, 

namely knowledge of temporal sequence. Further, when the dependent variable was the 

DSMiV criteria for a diagnosis of deiirium, significant risk factors differed. Future 

prospective studies shouid be undertaken in chronic care to c o h  that these are risk 

factors, and not outcornes of delirium. It may be usefùi at this point to examine the 

utility of the MDS as a research instrument for delirium, integrating knowledge gained 

from this study with previous MDS literature. 

11.3 The MDS as a Research Instrument for Delirium 

The accessibility of a mandated, standardized. comprehensive measure is appeaiing 

to researchers, Yet initial enthusiasm for the ease of access must be tempered with 

concerns regarding the psychometric properties of the MDS as a research instrument. Thi: 

section will review the reliabiiity of the MDS in general and the reliability of the delirium 

indicators. The vaiidity of the delirium indicators and of other measures within the MDS 

will be examined. The limitations associated with a cross-sectional study design wiU be 

discussed. 



Reliabilitv 

in order for a measure to be valid, it must £ïrst be diable. Hawes et al. (1992) 

argue that the reliability resuits fiom the nnal testing of the MDS ' demonstrated that 

excellent research quality data can be gathered with the MDS. Kappa coefficients 

obtained in the U.S. snidy ranged fiom -19 to 1.0. At this site. kappa coefficients also 

ranged tiom -19 to L .O. Unfomuiately, coefficients couid not be caicuiated for some 

items. Although many of the items tested indicated excellent reliability, the range of 

coefficients obtained indicates a continued need for site specific testing. 

Reliability testing for MDS 2.0 reiied on weighted kappa coefficients. Weighted 

coefficients give more weight to those scores that are closer together (ie. one rater 

assesses the patient as a '3' while the other assesses the patient as a '4'). While this 

scheme may be appIicable to some areas, such as physicai functioning, it may not be 

appropriate for other sections. In particular, the nominal categories assessed in the 

deiirium section. It is difflcult to understand why a difference of ' 1 ' in the patient's score 

should be weighted more heavily. For example, why would a patient coded by one rater 

as 'behaviour not present' and the second rater as 'behaviour present but not recent' 

receive a higher weighting than a patient coded as 'behaviour not present' and 'behaviour 

present and recent'? Further, the use of a trichotomous scoring scheme is misleadiig. 

The intent of the delirium section is to assess for delirium. The use of a trichotomous 

score for reliability infiates the kappa coefficients obtained due to the fact that the 

reliability coefficient obtained fiom the assessment of "behaviour not present" vs 

"behaviour present'' should be very high. However, what is of interest is whether or not 



the behaviour is of recent onset. The kappa coefficients obtained in the U.S. data support 

this hypothesis. When the score is trichotomized, kappa coefficients range fiom .62 to 

-77. However, a dichotomous score (behaviour not present or not recent venus behaviour 

recent) reveais much lower scores : 2 4  to -65. Thus, as with the original delirium 

measure in MDS' , reliability remains a problem. In fact, using a consenrative k 2.40, 

oniy two of the six items assessing delirium could be considered to have adequate 

reliability. 

The potentiai for uareliability of the MDS in general has been noted previously. 

Teresi & Holmes (1992) point out the considerable potential for variance in sources of 

uiformation, as MDS protocols require assessoa to complete the fom using multiple 

idionnation sources. Hawes et al (1992) argue that the explicit use of multiple sources of 

information strengthens the validity and reliability of MDS data. However, particuiady 

for areas that require some subjective interpretation or when the patient is cognitively 

impaired, explicitly defining the necessary information chain fkom data coIlection to form 

completion rnay improve the reliability(Crooks, Schwlle, Ouslander, & McNees. 1995). 

The MDS manual offers only general instructions relevant to the way in which the 

assessor is to gather information. 

Validitv of the Delirium RAP 

The MDS delllium RAP is intended as an initial care planning guide, developed to 

identiQ potential health risks. Thus, al l  patients identified should have clinical reviews 

to determine whether or not delirium is a c W y  present. Yet, as with any research 

measure, validity is important. Validity concems the crucial relationship between the 



concept and the indicator (Carmines & ZeUer- 1979). Sensitivity and specificity are two 

measures of the validity of a screening tooI. In order for the MDS delirium screening 

measure to be considered valid, it must be sensitive, that is, able to detect patients who 

actuaily have delirium. Further, the tool must be specific, that is able to identfi patients 

who do not have delirium. At presenL there are no published studies examining the 

validity of the delirium RAP or the derivation of the specific delirium indicarors used 

within the MDS. A paper describing the development of the MDS discusses the use of 

experts, and the review of many other assessment instruments (Morris, Hawes, Fries, et 

al. 1990). Presently, one can only postulate the sensitivity and specificity of the tool in 

comparison to "gold standard" measures. The items contained within the MDS delirium 

RAP measure suggest a high sensitivity, as most DSMiV criteria are included. 

Unfortunately, however, this comes at the expense of specificity, as a number of the 

measures included are not included in the DSMIV definition of delirium. Individuals 

who do not have delirium will stiil ûigger the delirium RAP. There are a number of areas 

that may contribute to decrease the specXcity of this measure including the ability of a 

single item to trigger the RAP, vague general indicators and the inclusion of specific 

indicators not included in the DSMTV definition. These concerns will be addressed in 

more detail. 

Recall that a combination of items are required for an actuai diagnosis of delirium, 

and the delirium RAP will be triggered even if only one item is positive. In fact, in this 

study, fifteen patients triggered the RAP on the ba is  of one item. For 13 patients, the 

single item triggered was one of the thtee general indicators. As previously discussed, 



health care professionals may not have the education required to detect delirium, a d  

therefore the use of more gened Mcators to screen for delirium may be of some 

benefit. The inclusion of such broad indicators may assist health care professionals to 

detect the more subtie changes that the specific indicators may not assess. in this study, 

six individuaIs triggered the deiirium RAP on the basis of "deterioration of mood status". 

As previously described, this measure compares the patient's "mood" (items h m  el or 

e2) to the mood status 90 days ago. Although it is well-known that delirium can be 

misdiagnosed as depression (Nicholas & Lindsey. 1995), a deterioration in mood status 

does not screen for depression, but instead assesses an increase in the fiequency. numbers 

or intensity of any of the mood items. As such. the inclusion of this measure is diicult 

to support as a generai indicator of delirium, and probably serves to decrease the 

speciiicity of this measure. The other two generai indicators are also broad. For example. 

a deterioration in behaviourd symptoms not ody includes an increase in the nurnbers, 

frequency or intensity of behavioural symptoms, but also the alterability of symptoms. 

Although a deterioration in cognitive status and behviour may uidicate delirium. they are 

not specific for delirium. Further, the contribution that "alterability" of behaviour rnakes 

to risk of delirium is questionable. 

An additional item included within the delirium RAP is the measure of "periods of 

restlessness". This non-specific indicator would not appear to increase the sensitivity of 

the Delirium RAP, but may decrease the specificity. 

Obviously, it is desireable to have a screening test that is both highly sensitive and 

highiy specific; however, there is generaiiy a d e - o f f  between the sensitivity and 



specifkity of any given screening test (Hennekens & Buring. 1987). Yet. clarifjring the 

broad indicators and excluding "periods of restlessness" as a delirium indicator would be 

unlikely to affect the sensitivity of the measure and wouId serve to increase the 

specificity. 

An additional concem regarding the validity of the delirium measure is that 21% of 

individu& who triggered the Delirium RAP were patients who were rarely or never able 

to make themselves understood. Almost half (42%) of the patients triggering the delirium 

RAP were severely cognitively impaired. At presenh there is no vdid method of 

assessing delirium in patients with severe cognitive impairment. 

Careful consideration needs to be given to the impact of the choice made for the 

dependent variable. By choosing to use the broder definition, and thus perhaps 

aggregating unrelated disease, the likelihood of detecting a significant associated is 

decreased. Therefore, many risk factors specific to the chronic care population rnay have 

been missed. Risk factors not signïficant in this study may prove to be significant in 

future prospective studies. 

The development of an adequate screening measure for research purposes is a high 

priority. Researchers are interested in a masure with known sensitivity and specificity. 

Future studies will need to focus on this important area. 

Temuoral Ordering 

Although there is some variation in specific criteria recornmended for determinhg 

causdity with non-experimental data, one criterion, temporal ordering, is obviously 

important. Ensuring correct temporal sequence, that is the suspected cause precedes the 
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disease. is dficuit using the MDS data ï h e  screening measure for delirium requires the 

nurse to assess the patient based on the previous seven days. Many of the possible risk 

factors occur anywhere f?om seven to ninety days prior to the assessrnent date. Thus. a 

"change in activities of daily living as compared to ninety days ago" may have occurred 

immediately following the development of delirium, and certainiy wouid not be an 

unexpected finding. Similarly, once the individual has delirium. the patient may display 

items that wouid trigger the moodrap or physician's orders rnay increase. Thus, these 

"predictor" variables may in fact be consequences of delirium. This limitation is not 

specific to the MDS, as any study based on a cross-sectional design shares this limitation. 

Yet the MDS data is particuiarly probIematic in this regard, as there is no data available 

concerning dates when changes occurred. As such, this design can only be thought of as 

hypothesis generating. 

Summary 

The MDS represents enornous potential for researchers with an interest in chronic 

case. At present however, reliabilities associated with the MDS are variable, and must be 

examined within each potentid research site prior to conducting studies. Future studies 

conducted to ident@ variances within reliability should be underiaken. Further, future 

studies must be conducted to validate the delirium RAP as a screening rneasure pnor its 

use a s  a research measure. As previously described, few studies have been undertaken to 

validate other measures within the MDS. Presently, only one of the RAPs has been 

validated (Resnick, Brandeis, Baumann, & Moms. 1996). As such, research aimed at 



improving reliability and evaluating the validity of the MDS must be considered a high 

priority. 

1 1 -4 Research Recommendations 

Reliability of the MDS indicators of delirium 

Validity of the MDS Delirium RAP when recorded under normal field utilkation 

conditions. Criterion vaiidity of the MDS deiirium items mut  be established prior to 

its usefulness as a research tool. 

Validity of other measures within the MDS, including the predictive ability of ADL 

measures and the validity of a depression screen based on MDS 2.0 items. 



Chapter 12. Summary & Conclusion 

Thirty years ago, deiirium was termed the Cinderella of Arnerican psychiatry due to 

the paucity of research conducted in the area (Lipowski. 1967). Since then. a number of 

prospective snidies have been conducted to explore the factors that conmbute to an 

increased risk of delirium. Two studies were undertaken to contribute to this body of 

knowledge. Study One had considerable rnethodological strength, using a prospective 

design, a valid and reliable instrument to detect delirium, stmchired interviews. and daily 

patient assesment. The intent of Study One was to identïfy those hospitaiization-related 

factors that may be amenable to intervention, and to evaluate the conmbution of delirium 

to in-hospitai outcornes. Outcornes included rnortality, morbidity, length of stay, use of 

restraints and also to discharge to an institution. Study Two was undertaken to examine 

the prevalence of delirium in a chronic c m  population, to explore possible risk factors for 

delirium and to assess the utility of the MDS as a research instrument for delirium. To 

evaluate the utility of the MDS, assessments of inter-rater reliability for three large 

sections and the specific delirium indicators included within the MDS was undertaken. In 

addition the MDS was compared with DSMN cntena for delirium. As Study Two was 

an initial exploratory study, the use of a cross-sectional design was justified. 

12.1 Studv One 

In Study One, one hundred and £ 8 ~  six patients over the age of 65 and admitted to 

an acute care environment were followed for two weeks or until discharged. Assessrnents 

o c c m d  daily. A number of factors amenable to intervention were identified as 

significant risk factors for delirium. As such, these risk factors are important for clinicai 
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and research purposes. Individuais undergohg a high number of procedures within the 

f'irst four days of hospitalization or receiving a high number of medications during 

hospitalization significantly increased the risk of deIinum. in addition, Histamine2 

receptor antagonists and a combination of benzdazepines and tricyciic antidepressants 

contributed to an increased risk of delirium once the more generai variable representing 

number of medications was removed h m  the modei. 

Consistent with previous research, a number of host characteristics were aiso 

significant. Increased age and cognitive impairment have been identified in the rnajority 

of prospective studies, and were significant in this model. Undergohg a surgical 

procedure and a penod in the intensive care unit were aiso significant in the muitivariate 

model. 

in-hospital outcornes associated with delirium included an increased length of stay 

and the use of restraints. individuals developing delirium in the hospital were more likely 

to have a longer length of stay even wizile controlling severity of iilness and activity 

limitations. Thus, interventions designed to reduce delirium can be expected to impact 

length of stay. 

The second in-hospital outcome associated with delirium, restraint use, is an 

important finding for clinicians. Only individuals with delirium were restrained. As 

restraints may contribute to an increased risk of adverse effects, practical alternatives 

should be identified. 

There has k e n  considerable controversy regarding whether or not delirium 

independently increased the risk of morîaiity. In this study, there was not an increased 
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risk of moaality associated with delirium. Although an increased risk of mortality is 

repeatedly described in papers discussing delirium, this risk was based on bivariate 

models. In multivariate models. controiling for factors such as age, severity of illness and 

comorbidity, delirium does not appear to have a .  iodependent effect. 

12.2 Studv Two 

in Study Two, 230 paUents admiaed to chronic care were assessed using the MDS. 

There were 48 (20.9%) patients identified as "potentiaily" deLirious according to items 

assessed within the MDS and inciuded in the Delirium Resident Assesment Protocol. 

Eleven (4.8%) patients met the criteria for a diagnosis of delirium according to DSMIV. 

As nurses were not specificaily trained to assess for delirium, the tme prevalence 

probably lies within these two esthates. 

Host risk factors for potential delirium identified in either the logistic regression or 

linear regression models inctuded cognitive impairment, triggering the Mood Rap 

(indïcating potentiai depression, anxiety or sad mood) , a deterioration in ADL cornpared 

to status 90 days ago, rend failure, expenencing a terminal illness. increasing bowel 

incontinence and a wound or urinary tract infection. In order to provide a cornparison, a 

multivariate mode1 based on DSMIV cntena for delirium was developed. Similar to the 

models for potential deluium, cognitive impairment was a significant risk factor. A 

deterioration in urinary continence, an increased number of medications and an acute care 

hospitai admission in the previous 90 days were also significant. These variables were 

not included in the two models developed for potential deiirium. However, the number of 

individuais experiencing delirium was smaii, and thus fïndings must be viewed with some 



caution. It may be that the delirium RAP aggregates unrelated diagnoses, and thus 

captures risk factors not specific for delirium. Further. the cross-sectional design 

precludes the assessment of correct temporal sequence. Potenrial risk factors for delirium 

idenitified in this study shouid be con£ûmed in future prospective studies. 

The utiiity of the MDS as a research instrument for delirium was assesseci. Kappa 

coefficients ranged k =. 19 to k = I .O for Sections E. G. and P of the MDS. Based on a 

dichotomous score, the The U.S. study revealed kappa coefficients ranging fiom k = 2 4  

tr? k = -65. Thus,as with the original delirium measure in MDS' , reliability of the 

measure remains an issue. In fact, using a consewative k 1.40, oniy two of the six items 

assessing delirium codd be considered to have adequate reliability. 

The range of reliability coefficients noted in the U.S. study suggest continued site- 

specific studies must be undertaken. Further studies to increase the reliabiiity of some 

items should be undertaken. 

The items contained within the MDS Delirium RAP suggest a high sensitivity, as 

most DSMIV criteria are inçluded. However, specificity rnay be low. A number of items 

included within the deiirium RAP probably serve to decrease specificity. These include 

the use of oniy one item to trigger the Delirium RAP, vague broad indicators and 

inclusion of penods of restlessness as a specific indicator of deiirium. Future studies 

must be conducted to validate the deiiium RAP as a screening measure prior to 

undertaking research studies based on this measure. Further, as few studies have been 

undertaken to vaiidate other measures withh the MDS, substantial work is required prior 

to recommending the MDS as a research tool, 
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12.3 Comuarison of Findines in Studv One and Studv Two 

The two studies were undertaken to contribute to the body of knowledge regarding 

delirium. A cornparison of the general model in Study One and the DSMlV model in 

Study Two yields some similarities. Consistent with the findings in Study One, Study 

Two identified cognitive impairment as a risk factor for delirium. This finding has been 

confirmed in previous delirium research. Further, number of medications received during 

hospitalization continued to be a risk factor for patients in acute and chronic care 

institutions. This f1nding is not surprising, as the risk associated with a higher number of 

medications in the elderly is well known. Study Two also identified a deterioration in 

urinary continence as a nsk factor. Although this factor was not assessed in Study One, 

the use of a foley catheter has been identified as a risk factor in a prospective study 

(Inouye & Charpentier, 1996). In contras with findings fiom Study One, acute care 

hospitaiization was identified as a risk factor in Study Two. It is possible that underlying 

factors that were not measured (eg- severity of iilness) contributed to this increased risk. 

Consistent with research in other fields, age was no longer a significant risk in the chronic 

care environment. 

in conclusion, as evidence regarding risk factors for delirium increases, a focus on 

those factors that may be amenable to intervention is a woahwhile pursuit. Although 

i d e n t w g  host risk factors provides health a r e  professionals with a basis for screening, 

identimg a patient as high ri* is not enough. Cunently, research has not provided 

health care professionals with evidence to support practices that may decrease the 

incidence of delirium. A recent review of the few studies undertaken to evaluate the 



effectiveness of interventions to prevent delirium revealed a broad spectrum of possible 

interventions that rnay be modestly effective (Cole. Primeau. & McCusker. 1996). 

Unfortunately intervention studies were piagued by methodolgical problems (Cole, 

Primeau, & McCusker. 1996). A Iogical approach rnay be to fïrst identiw risk factors that 

are amenable to intervention, and then develop specific strategies targetting these risk 

factors. Reducing the incidence of delirium must continue to be a high priotity for 

research, as patients continue to suffer the personal and economic costs associated with 

delirium. 
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Appendices 

Appendix A 
Diagnostic & Statistical Manual @SM) Criteria for Delirium 

III: - 
Diagnostic criteria for Delirium 
A. Cloudig of consciousness (reduced clarity of awareness of the environment).with reduced 

capacity to shift. focus, and sustain attention to environmentai stimuli. 
B. At least two of the following: 

(1) perceptual disnubances: misinterpretations. illusions, or hallucinations: 
(2) speech that is at times incoherent: 
(3) disturbance of sleepwakefulness cycle, with insomnia or daytime 

drowsiness: 
(4) increased or decreased psychomotor activity 

C. Disorientation and memory impairment (if testable). 
D. Clinicai features that develop over a short penod of t h e  (usually hom to days) and tend to flucruate 

over the course of a day. 
E Evidence. fiom the history, physical examination, or laboratory tests, of a specific organic kctor 

judged to be etiologically related to the disnubance. 

A. Reduced ability to maintain attention to extemal stimuli (e.g., questions must be repeated because 
attention wanders) and to appropriately shift anention to new extemal stimuli (e-g., perseverates 
answer to a previous question). 

B. Disorganized thinking, as indicated by rambling, irrelevant, or incoherent speech. 
(1) clouding of consciousness 

C. At least nvo of the following: 
(1) reduced level of consciousness, e-g., difficulty keeping awake during examination 
(2) perceptual disturbances: misinterpretations, illusions, or hallucinations 
(3) disnubance of sleep-wake cycle with hsomnia or d a m e  sleepiness 
(4) increased or decreased psychomotor activity 
( 5 )  disorientation to tirne, place, or penon 
( mernory impairment, e-g., inability to learn new material, such as the names of several 

unrelated objects afier five minutes, or to remember past events. such as history of curreni 
episodes of illness 

D. Clinical features develop over a short period of t h e  (usually hours to days) and tend to fluctuate 
over the course of a day. 

E Either (1) or (2): 
(1)evidence h m  the history, physical examination, or laboratory tests, of a specific organic 
factor (or factors) judged to be etiologically related to the disturbance. 

(2)in the absence of such evidence, an etiologic organic fxtor cm be presumed ifthe 
disnirbance cannot be accounted for by any nonorganic mental disorder, e.g.,Manic Episode 
ccounting for agitation and sleep disturbance 



Appendix A 
Diagnostic & Statistical Manual (DSM) Criteria for Delirium 

IV: - 
Diagnostic criteria for Delirium 

A. Disturbance of consciousness (Le., reduced cl- ofawareness of the environmenc) with reduced 
ability to focus, sustain, or shift attention. 

B. A change in cognition (such as memory deficit disorientation, language disturbance) or the 
development of a perceptual disturbance that k not better accounted for by a preexisting, established, or 

evolving dementia. 
C. The disturbance develops over a short period of tirne (usually hours to days) and tends to fluctuate 

during the course of the day. 
D. There is evidence fiom the history, physical examination. or Iaboratory findings that the disurbance is 

caused by the direct physiological consequences of a general medical condition. 



Appcndix B 
Patient Cover Letter & Consent 

Dear Patient. 

Admission to hospitd is ofien a stressfiil experience for persons of al1 ages. New patients 
may experience a response to this stress. For example, some older persons show 
temporary confùsion while others do not. 

The Research Department of Grand River Hospital is interested in studying what factors 
may contribute to this temporary confusion in some but not ail new patients. The aim of 
this research is to understand and develop ways to minimize this type of response. In 
addition to being conducted with the support of Grand River Hospital. the study also 
represents the doctoral thesis of Nancy Martin and is conducted under the supervision of 
Professor Michael Stones, University of Waterloo. 

We would greately appreciate your involvernent in this project. As a participant. you 
would have an initiai assessrnent (one time only) of: 

vision 
hearuig 
daily activities 

and a daily 10-15 minute interview (at a time convenient to you) where you wiil be 
asked: 

some gened questions (e.g., date, season) 
events of previous day 
and to repeat a series of numbers. 

As a participant in this study, you should know that your involvement is voluntary. Al1 
information you provide wiIl be held in confidence and neither you or any member of 
your family wiil be identified in any report, publication or thesis based on this study. You 
may also d e c h e  answering any question you prefer not to answer. Further, you may 
withdraw your consent for participation at any time simply by telling the research 
assistant that you no longer wish to continue. This decision wili in no way affect the 
medical care you receive at the Grand River Hospital. 



Appendix B 
Patient Cover Letter & Consent 

This project has been reviewed by, and received ethics approvai fiom the Office of 
Human Research at the University of Waterloo (phone number 5 19-885-1 2 1 1, ext. 6005) 
and the Grand River Hospital Cornmittee on Ethicai Research. If d e r  receiving this 
letter, you have any questions about this study, or would Iike additional idormation to 
assist you in reaching a decision about participation, please feel fiee to contact Nancy 
Martin at 519-894-8360, extension 7187 or the Office of Human Research at 519-888- 
4567. extension 6005. Thank you for your interest in this project. 

Yom Sincerely, 

Nancy Martin, Director of Research, 
Grand River Hospita1 



Appendix B 
Patient Cover Letter & Consent 

Patient Consent to Participate 

1 agree to participate in this study. I have made this decision based on the information 1 
have received in the Information Letter and have had the opportunity to receive any 
additionai details I wanted about the study. As a participant in this study, 1 realize that 1 
will be asked to take part in a daily fifteen minute interview and that I may deciine 
answering any of the questions, if 1 so choose. AU information provided wiIl be held in 
confidence and 1 will not be identified in any report or pubIication. 1 understand that 1 
rnay withdraw this consent at any t h e  by asking that the interview be stopped. 1 also 
understand that this project has been reviewed by and received ethics approvai through 
the Office of Human Research at the University of Waterloo and at Grand River Hospital. 
1 am aware that 1 rnay contact this office if 1 have any concerm or questions about my 

participation in this study. 

Participant's Name: 

Participant's Signature: 

Name of Witness: 

Signature of Witness: 

Date: 



Appendix C 
Famiiy Member Cover Letter & Consent 

[Letterhead] 
Dear Farnily Member, 

Admission to hospital is ofien a stressful experience for persons of a11 ages. New patients 
may experience a response to this stress. For example, some older persons show 
temporary confusion whiIe others do not. 

The Research Department of Grand River Hospital is interesteci in studying what factors 
may contribute to this temporary confusion in some but not aIi new patients. The aim of 
this research is to understand and develop ways to minimize this type of response. In 
addition to being conducted with the support of Grand River Hospital. the study also 
represents the doctoral thesis of Nancy Martin and is conducted under the supervision of 
Professor Michael Stones. University of Watedoo. 

Consent to participate has been obtained fiom . We 
wodd also greatly appreciate your involvement in this project. You wodd be asked to: 

answer a few brief questions regarding preadmission health of your family 
member 
and complete a brief questionnaire on the usual mood of your family member. 

The time committment is not expected to exceed 15 minutes. 

As a participant in this study, you should know that your involvement is volmtary. AU 
information you provide will be held in confidence and neither you or any member of 
your family will be identified in any report, publication or thesis based on this study. You 
may dso decline answering any question you prefer not to answer. Further, you may 
withdraw your consent for participation at any tirne simply by telliag the research 
assistant that you no longer wish to continue. This decision wiII in no way affect the 
medicd care your famiiy member wiU receive at the Grand River Hospital. 

This project has been reviewed by, and received ethics approvd fiom the Office of 
Human Research at the University of Waterloo @hone number 5 19-885- 12 I 1, ext. 6005) 
and the Grand River Hospital Cornmittee on Ethical Research. 



Appendk C 
Family Member Cover Letter & Consent 

If  after receiving this letter, you have any questions about this study, or would like 
additional information to assist you in reaching a decision about participation, please feel 
f?ee to contact Nancy Martin at (519)-894-8360, extension 71 87 or the Office of Human 
Research at (5 19)-888-4567, extension 6005. Thank you for your interest in this project- 

Nancy Martin, 
Director of Research, 
Grand River Hospital 



Appendix C 
Family Member Cover Leiter & Consent 

Family Member Consent to Participate 

1, the family member of the patient , agree to participate in this 
study. 1 have made this decision based on the information 1 have received in the 
Information Letter and have had the opportunity to receive any additional details 1 wanted 
about the study. As a participant in this study, 1 realize that 1 will be asked to anmer a 
few bief questions regarding the preadmission health of my hospitdized family member 
and complete a brief questionnaire on the usual mood of my hospitalized family member. 
The tirne cormnittment is not expected to exceed 15 minutes. 1 know that 1 may decline 
answering any of the questions, if 1 so choose. Ali information provided wiil be held in 
confidence and 1 will not be identifiai in any report or publication. 1 understand that 1 
may withdraw this consent at any time by asking that the interview be stopped. 1 also 
understand that this project has been reviewed by and received ethics approval through 
the Office of Human Research at the University of Waterloo and at Grand River Hospital. 
1 am aware that 1 may contact this office if 1 have any concems or questions about my 

participation in this study. 

Family Member's Name: 

Family Member' s S igname: 

-- - 

Name of Witness: 

Signature of Witness: 

Date: 



Patient ID 1-1 
Appendix D 
MIDAS 

I 1 

Date: m 

MIDAS 

ALiCfOST NEVER OCCASIONALLY USUALLY ALMOST AL WAYS 

The person was enthusiastic. 

When cheerful, the person remained cheery for a long t h e .  

When agitated the peaon remained restiess for a long time. 

When distressed the person appeared tense. 

Hisher feelings of uneasiness persisted for Long periods. 

This person got reaily happy. 

When having a good day, the person acted cheerfully. 

When angsr? the person looked tense. 

This person remained happy about things Longer than most 
others. 
Hisher feelings of delight persisted for long periods. 

Hefshe got upset easily. 

The person was often tense for extended periods. 



Appendix E 
Protocols 

INITIAL PATIENT PROTOCOL 

Note: 
Patient ID# must be written on &l materials that are used to collect 
information for this study. 
Please initiai al1 assessment materials in the top ri& hand corner & stapIe the 
assessment package. 
Check that your initiais. patient ID, and the date are on a i i  assessment 
packages 
Please retum ail lists and completed initial patient assessment packages to 
Doma at the end of each day. (Donna updates the snidy participant lists daily 
fiom the information you provide), 

1. Review study criteria and determine whether the patient meets the criteria. 

2. Obtain patient consent (leave letter with patient, keep consent form only) 

IF patient is cognitiveiy imprired: 
complete initial patient assessment and when able to contact family, c o b  
patient consent with family member 
obtain family member consent and complete family member assessment 
including: 

MIDAS Uistniment 

IF evidence of delirium contact iamily member to confirm that confusion is of acute 
onset: 

ifit at tirne of initial assessment you are unable to confirm that confusion is of 
acute omet, complete the steps iisted above for cognitively impaired patients and 
foliow-up with the famiiy to confirm if acute omet confusion. 

3. Complete the CAM instrument (includes MMSE, Digit span : record digit span 
score on initial patient interview form following activity Limitation) 



4. Complete initial patient interview form: 
demographics 
telephone list (record fiequently called numbers on orange list) 
devices and resuaints 
medications 
assessrnent of vision & hearing 
activity Limitation 
depression 

5. Post Study Materials 

Tape visitor sign to wail 
Guest book: attach string and pend.  fill in bed number on front of guest book, fill in 
patient id on sign in sheets & tape guest book to wali next to the patient's bed 
Insert orange notification card into kardex by patients name (ie. research subject) 
Severity of illness: complete patient id and clip to fiont of patient chart - (sk charge 
nurse to ask doctor to complete) 



Appendix E 
Protocois 

DAILY PATIENT PROTOCOL 
Patient ID# be written on materiais that are used to collect 
information for this study. 
Please initial all assessment materials in the top Rght hand corner & staple the 
assessrnent package. 
Check that your initiais, patient ID, and the date are on aii assessrnent 
packages 
Please update the Active Study Participant List and return all iists to Donna at 
the end of each day (e-g. check if forms posted, severity of illness cornpleted, 
consent obtained, daily assessment completed, etc.) 
File daiiy assessment, family consent & assessment materiais (afier checking 
that you have recorded the necessary information on the Active Study 
Participant List). 

Review chart according to chart review document 

Complete the CAM instrument (includes MMSE, Digit span : record digit span 
score on the daily patient information form 

Review the "foliow-up structured client interviewy' sheet attached to this protocol 

Complete the daily patient information form: 
orienting objects 
record digit span 

Update Guest Book: 
8 Check guest book - if fillhg up. repiace with new form. (retaining the 

previous form) 

Record any patient movernent off unit in the space provided in the chart review 
document, and note whether staff sign in sheet agrees (ie. if went to xray, did a porter 
initial form). 
Contact nursing staff and review CAM criteria If no positive responses, do not 
record. If positive, add to CAM assessment and indicate source. 
Check for completed severity of illness measure on chart, and foltow-up with 
physician if not completed. 
If the patient is being discharged - Complete thank-you letter information, and remind 
staEto place all study materiais (e-g., tetephone Iist, staffsign in sheet, guest book, 
etc.) in the orange folder at the nursing station when the patient is discharged. 



Appendix F 
Initial Patient Intemew 

Patient Identitication Number: 

Date: 

Date of Admission: 
i 

Please fil1 in the box next to each auestion the number that corresponds to the most ari~ropriate 
remonse. 

Demographic Information 

Marital Statu: 
1. Never married 
2. Married 

O 
3. Widowed 
4. Separated 
5. Divorced 

Education (Highest Level Completed): 
1. No schooling 
2. 8th gradeiless 

-O 
3 .9- l l  grades 
4. High school 
5. Technical or made school 
6. Some college/university 
7. Diploma 
8. Bachelor's degree 
9. Graduate degree 

Admitted from 
O. Home 0 
1. Chronic care hospital 
2, Nursing homekiome for the Aged 
3. Retirement home 
4. Other, please speciQ 

Lived Alone (Rior to Admission): 
O. No 
1. Yes 

O 



Appendix F 
Initiai Patient Interview 

List the phone numbers that you c d  most fiequently. 
(LIST ON TELEPHONE SHEET and beiow in the spart pmvided) 

Area Code I Phone Number 1 

Devices & Restraints 
Are there any restraints presendy bebg u s e d m  

O. No 
1. Yes 

If yes, what type: (Please place a check the box for each that appiies) 
1. Full bed rails on dl sides 

2. Other types of side rails (haif rail, one sid u 
4. Limb restraint u 
5. Chair prevents rising O 



Appendix F 
Initial Patient Interview 

Prescribed, Over the Counter and Naturopathie Medications (also check chart) 
Have you taken any prescribed, over the counter or naturopathic medications in the last 7 
days? 

O. No 
0 

1. Yes 
List aii prescription. over the counter and naturopathic medications taken during the last ; 
days. (Include medications that are used regdarly but Iess than weekly). 

Note: Route of Administration: 
1 .  by mouth 2. sublingual 3 intramuscular 4. intravenous 
5subcutaneous 6.rectally 7. topical 
8. inhalation 9. enteral tube 10. other (pfease specifi) 

Frequeacy (cboose the most appropriate category) 
1 h n c e  daily 1 W=once each wk QO=every other day 
2-0 cimes daily 2W=twice each week 1 M=once evety month 
3D=three rimes daily 3W=3 rimes each week 2Mwice every month 
4Hou.r  times daily 4W=four times each week 
S M v e  i- times daily 5 W=flve times each week 

6W=six rimes each week 

Medication Name Dosag 
e 

Route Number 
Taken 

Frequency 



Appendix G 
CES-ID 

Below is a Iist of the ways you might have feIt or behaved. Please tell me how ofien you have felt this way 
during the past week 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

1 o. 

Il. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

1 was bothered by thing that usualIy don? bother me. 

1 did not feel like eating; my appetite was poor. 

1 felt that [ could not shake off the blues even with help fiom my family or fiiends. 

1 felt that was just as good as other people. 

1 had trouble keeping rny rnind on what 1 was doing, 

I felt depressed. 

1 felt chat everything 1 did was an effort. 

1 felt hopefül about the future. 

1 thought my life had been a f8iIure. 

i felt fearful. 

My sleep was restless. 

1 was happy. 

1 talked l e s  than usual. 

1 felt lonely. 

People were unfkiendly. 

1 enjoyed Me. 

1 had crying spells. 

1 felt sad. 

1 felt that people disiike me. 

1 could not get "going". 



Appendix G 
CES-D 

Please write the number of the most appropriate response (see below) ne= to each 
question on the following depression sheet. 

Rarely or none of the time (Less than 1 day) 

Some or little of the Time (1 to 2 days) 

OccasionalIy or a Moderate Amount of T i e  (3 to 4 days) 

Most or Al1 of the Time (5 to 7 days) 



Appendix H 
MDS 

Assesment of Vision & Hearing 

Unless othemise soecified. enter the number for the most a ~ ~ r o a r i a t e  resoonse in the box next to the 
auestion 

Hearing (With hearing appliance. if used) 
O. HEARS ADEQUAïELY-normal t a k  TV. phone 0 
1. MNMAL DIFFICULTY when not in quiet setring 
3 -. HEARS iN SPECiAL SITUATIONS ONLY-speaker has to adjust tonal quaiity 

and speak distinctly 
3. HIGHLY WAiREDlabsence of usefiil hearhg 

Communication DevicesiTechniaues: (Check ail the boxes that amlv dur in^ last 7 davs) 

Hearing aid. present and used U 
Hearing ai4 present and not used regularly 0 
Other receptive cornm. techniques used (e-g.. lip reading) 
NONE OFABOVE 

0 

Vision: (AbiIity to see in adequate Iight and with glasses if used) 

O. 
O 

ADEQUATE-sees fuie detail, including regular print in newspapembooks 
1. MPAiRED-sees large print, but not regular print in newspaperslbooks 
2. MODERATELY IMPAIRED-limited vision; not able to see newspaper headluies, 

but can identiQ objects 
3. HIGHLY WALRED-object identification in question, but eyes appear to foilow objects 
4. SEVERELY IMPAiRED-no vision or sees only lighf colors, or shapes; 

eyes do not appear to follow objects 

Visual Limitations/Difficulties: (Check al1 that apply) - 
A. Side vision problemsdecreased peripheral vision 

(e.g., leaves food on one side of tray, difficuky travelling, 
U 

bumps into people and objects, 
misjudges placement of chair when s e a ~ g  self) 

B. Experiences any of following: 
sees halos or rings around lights; 
sees flashes of light; 
çees "curtainsn over eyes 

C.  None of the Above - 
Glasses; contact lenses; magnifjhg glass 

(O=No l=Yes) 
U 



Appendix 1 
Activities of Daily Living 

Activity Limitation 
Please fill in the box next to each question the number tbat corresponds to the most 
appropriate response. 

The next questions are about activities that might cause you problems. 

1. Health problems prevent me fiom doing rny shopping. 

2. 1 have diniculty cutting my toenaiIs. 
1-0 O 

3. 1 have difficulty getting rny shoes on and o E  
1 =no 
2 7 e s  

4. Health troubles limit my spare tirne activities. 
1-0 
2 7 e s  

5. Heaith troubles stop me fiom doing regular chores. 0 
1-0 
2=yes 

6. Health troubles stop me fiom getthg about. 
1-0 
2=yes 

7. 1 sometimes have problems dressing myself 
1 =no 
2=yes 

O 



Appendix J 
Thank-You Letter 

Dear Study Participant: 

1 would like to thank you for your participation in this smdy on delirium (acute 
confiision). The results that you have provided wiI1 assist us in i d e n w g  those factors 
that place individuals admitted to the hospitd at greater risk than others. Depending on 
the results from this study, we hope to introduce interventions designed to decrease this 
risk. 

If you wodd like to receive a summary of the resdts from this mdy? please complete the 
information on the bottom of this form. 

Once again, thank you for your participation. 

Yours Sincerely, 

Nancy Martin 
Grand River Hospital 

If you desire a summary of the flndings pertainhg to the study on delirium (acute 
confusion), please complete the following information and leave it with the research 
assistant or at the nursing station. 

(Please Print) 

Name.: 
Mailing Address: 

Sîreet 

City 

Postai Code 



Appendix K 
Confusion Assessment Metbod (CAM) Questionnaire 

Confusion Assessment Method (CAM) Questionnaire 
Patient ID # 
DATE: 

OBSERVATIONS BY MTERVLEWER 
Inrewiewer: Immediarely Mer cotnpfeting the inrewiew. please a m e r  the following questium bmed 

on whar yuu observed dwing the interview. 

ACUTE ONSET 
1. a 1s there evidence of an acute change in rnentaf status from the patient's baseiiie? 

Yes - 1  
NO -2 

Uncertain -8 
b. (F YES) Please describe change and source of information: 

Did the patient have difficulty focusing attention. for exarnple being easily distractibk, or having 
dificulty keeping üack of what was king said? 

Not present at any t h e  during interview - L 
Resent at some time during interview, but in mild form - 2 
Resent at some tirne during interview. in marked form - 3 

Uncertain -8 

(iF PRESENT) Did this behavior fluctuate during the interview, that is, tend to corne and go or 
increase and decrease in severity? 

Yes - 1 
NO -2 

Uncertain - 8  
Not Applicable (NA) - 9 

(IF PRESENT) Please descnbe this behavior: 

DISORGANIZED THINKING 
3. a Was the patient's thinking disorganized or incoherent, such as rambling or irrelevant convenation, 

unclear or illogical flow of ideas. or unpredictable switching fiom subjea to subject? 

Not present at any tirne during interview - 1 
Resent at some tima during interview, but in mild form - 2 
&sent at some time during interuiew, in marked form - 3 

Uncenain - 8  

Appendix K 
Confusion Assessrnent Method (CAM) Questionnaire 



h. (IF PRESENT) Did this behavior fluctuate during the interview. that is. tend to come and go or 
increase and decrease in seventy? 

Yes- 1 
N+ 2 
Uncenain- 8  
NA -9 

c. (IF PRESENT) Please describe this behavior: 

ALTERED LEVEL OF CONSCIOUSNESS 
Overall, how would you rate this patient's level of consciousness? 

GO TO Q5 c Alen (normal) - 1 
Vigilant (hyperalert overly sensitive to environmental stimdi, startled very easily - 2  

Lethargic (Drowsy, easiiy aroused) .I - >  
Stupor (Difficult to arouse) -4 

Coma (Unarousable) -5 
Uncertain - 8  

(IF OWER THAN ALERT) Did this behavior flucniate d u ~ g  the interview, that is. tend to come 
and go or increase and decreaçe in severity? 

Yes -1 
NO -2  

Uncenain - 8  
NA -9 

(IF OTHER THAN ALERT) Please describe this behavior: 

DISORENTATION 
5. a. Was the patient disonented at any time during the interview, such as thinking he/she was 

somewhere other than the hospiral, using the wrong bed or misjuding the t h e  of day? 

Not present at any tirne d h g  interview - 1 
m e n t  at some time during interview, but in mild form - - 7 

Present at some t h e  durhg interview, in marked form - 3 
Uncertain - 8  

b. (IF PRESENT) Did this behavior fluctuate during the interview, that is, tend to corne and go or 
increase and demase in severity? 

Yes - 1 
NO -2 

Uncertain -8 
NA -9 



c. [IF PRESENT) PIease describe this behavior: 

MEMORY IMPAIRMENT 
6. a. Did the patient demonstrate any memory problems during the interview, such as inability to 

remember events in the hospital or difficulty remernbering instructions? 

Nor present at any tirne during interview - 1 
Present at some t h e  during interview. but in mild fonn - 2 
m e n t  at some t h e  during interview, in marked fonn - 3 

Uncertain -8 

b. (IF PRESENT) Did this behavior fluctuate during the interview, that is. tend to come and go or 
increase and decrease in severity? 

Yes - 1  
No - 2  

Uncertain -8 
NA -9 

c. (ff PRESENT) Pkase descnie this behavior: 

PERCEPTUAL DISTURBANCES 
7. a Did the patient have any evidence of percepmal disturbances, for example. hailucinations, 

illusions. or misinterpretations (such as thinking something was moving when it was not)? 

Not present at any time during interview - 1 
Present at some tirne during interview, but in miid form - 2 
EVesent at some time during interview, in marked form - 3 

Uncertain -8 

b. (IF PRESENT) Did this behavior fluctuate during the interview, that is, tend to come and go or 
increase and decrease in severity? 

Kes - 1 
NO -2 

Uncertain -8 
NA -9 

c. (IF PRESENT) Please descnie these perceptual changes: 



Appendu K 
Confusion Assessement Method (CAM) Questionnaire 

PSYCHOMOTOR AGITATION 
8. a. (Part 1) At any t h e  during the interview, did the patient have an unusually increased level of 

motor activity, such as restlessness. picking at bedctothes. tapping fmgers. or making fiequent 
sudden changes of position? 

Not present at any time during interview - 1 
Present at some t h e  during interview. but in mild form - - 7 

Present at some tirne during interview. in marked form - 3 
Uncertain -8 

b. (IF PRESENT) Did this behavior fluctuate during the interview, that is. tend to come and go or 
inmase and decrease in severity? 

Yes - 1  
NO - 2  

Uncertain -8 
NA -9 

c. (IF PRESENT) Piease describe this behavior: 

PSYCHOMOTOR RETARDATION 
8. a (Part 2) At any t h e  during the interview, did the patient have an unusually decreased level of 

motor activity, such as sluggishness, staring into space, staying in one position for a long the ,  or 
moving very slowly? 

Not present at any t h e  during interview - 1 
h s e n t  at some tirne during interview, but in mild form - 2 
Present at some t h e  during interview, in marked form - 3 

Uncertain -8 
b. (IF PRESENT) Did this behavior fluctuate during the interview. that is. tend to come and go or 

increase and decrease in seventy? 
Yes - 1  
NO - 2  

Uncenain -8 
NA -9  

c. (IF PRESENT) Please descnie this behavior: 

ALTERED SLEEP-WAKE CYCLE 
9. a. Did the patient have evidence of disturbance of the sleepwake cycle, such as excessive daytime 

sleepiness with insomnia at night? 

(IF YES) Please descnbe the disturbance: 

Yes - 1 
No -2 

Uncertain -8 



Appendiar L 
Digit Span Assessment 

Digit Span Assessment 

The research assistant teils the subject three one-digit numbers. The subject is asked to 
repeat these numbers back. This process is repeated with increments of one until the 
subject fails to correctly repeat the numbers. Subjects are given two attempts to correctly 
repeat each set of numbers. The score is the total number of successful repetitions. 

Following this, the subject is asked to repeat two one-digit numbers in reverse order. For 
example, the research assistant will state '3,2". A correct response by the subject would 
be '2,5". Tbis process is repeated with increments of one mtil the subject fails to 
correctiy repeat the nurnbers. Subjects are given two attempts to corredy repeat each set 
of numbers. The score is the total number of successful repetitions. 



Appendix M 
Standardized Mini-Mental State Exam (MMSE) Patient ID: 

Date: E 

Standardaed Mini-Mental State Exam (MMSE) 

What year is this? 
What season is this? 
What month of the year is this? 
What is today's date? 
What day of the week is  this? 

What country are we in? 
What province are we in? 
What city/town are we in? 
What is the name of this hospital? 
What is this room number? 

1 am going to name three objects. Atier 1 have said al1 zhree objects. 1 want you to 
repeat them. Remember what they are because 1 am going to ask you to name 
them again in a few minutes. 
(Say them slowiy ar approximately I second intervals-) 

APPLE TABLE PENNY 
Please repeat the three items for me. 

Speil the word "WORLD" 
Now spell it backwards please. 
Now what were the d i r e  objects that 1 asked you to remember? 

APPLE TABLE P E N N Y  

Show wristwatch. Ask: "What is this cailed?" 
Show pencil, Ask: "What is this called?" 

Maximum C: 

B 

ï'd like you to repeat a phrase after me: "NO IF'S, AND'S OR BUT'S" 
Read the words on fhis page and then do what it says. (Hand the clienr a sheet 
with : "CLOSE YOUR EYES*) PZ 
Ask if the client is right or lefi-handed Alternate ri@t/ieft hand in staternent, 
"Take this paper in your righflefi hand, fold the paper in half once with both 
hands, and put the paper down on the flwr." 
Ask client to write a sentence. u 

TOTAL IF3 30 





Appendix N 
Comorbidity ~ndex' 

Assigned weights 
for diseases Conditions 

1 Myocardiai infarct 
Congestive hem failure 
~eriëheral vascuiar disease 
CerebrovascuIar disease 
Dementia 
Chronic pulmonary disease 
Comective tissue disease 
UIcer disease 
Miid liver disease 
Diabetes 
Hemiplegia 
Moderate or severe rend disease 
Diabetes with end organ darnage 
Any nunor 

3  oder rate or severe liver disease 
4 Metastatic solid tumor 

AIDS 
Assigned weights for each condition that a patient has. The 
total-equals die score. Example: chronic p&onary (1) and 
lymphorna (2) = total score (3) 

1 Table from Charlson, M. E.; Pompei, P.; AIes, K. L.; MacKenzie, C. R (1987) A New Method of  
Classifying Rognostic Comorbidity in Longitudinal Studies: Development and Validation. Jourml of 
Chronologicul Diseases 40 ( 5 )  pp. 3 73 -383. 
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Patient ID#: 

Attendhg Physician: PIease circle the appropriate number on tbis continuum 

SEVERiTY OF ILLNESS MEASURE 

How sick is this patient now ? 

Not il1 Mildly Moderately Severely Moribund 
7 1 .......... , .......... 3 ....... ... 4 ........... 5 ......... 6.... ...... 7 ......... S..--..--...9..--.-- 



Please Note 

Copyright materials in this document have not been filrned 
at the request of the author. They are available for 

consultation, however, in the author's university library. 
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Appendix Q 

The Delirium RAP (Key) 

TRIGGER 

Delinurn problem suggested if one or more of following present: 

EasiIy Distracted [B5a = 21 

Periods of Altered Perception or Awareness of Surroundings P S b  = 21 

Episodes of Disorganized Speech [ M c  = 21 

Periods of Restiessness p 5 d  = 21 

Periods of Lethargy p 5 e  = 21 

Mental Function Varies Over the Course of the Day p 5 f  = 21 

Deterioration in Cognitive Status @36 = 21 

Deterioration in Mood @3=2] 

Deterioration in Behavioral Symptoms CE5 = 21 



Appendix R 

Mood State Rap Key 

TRIGGER 

A mood problem suggested if one or more of following present: 

Resident made negative statements CE la = 1,2] 

Repetitive questions [E 1 b = 1.21 

Repetitive verbdizations [E 1 c = 1,2] 

Persistent anger with self or others CE 1 d = 1,2] 

Self deprecation le = 1 21 

Expressions of what appear to be unredistic f e m  [E 1 f = 1,2] 

Recurren? statements that something terrible is about to happen p l g  = 1,2] 

Repetitive health cornplaints [El h = 1,2] 

Repetitive anxious compIaints/concems CE 1 i = 1,2] 

Unpleasant mood in moming 1 j = 1,2] 

Insomnia/change in usuai sleep pattern 1 k = 1,2] 

Sad, pained, womed facial expressions 11 = 1,2] 

Crying, tearfùlness [Elm= 1,2] 

Repetitive physical movements 1 n = 1,2] 

Withdrawal fiom activities of interest [E Io = 1,2] 

Reduced social interaction [Elp = 1,2] 

Mood Persistence [E2 = 1,2] 



Appendix S 
Disease Diagnoses 

Diabetes Meilitus 
Arterosclerotic hem disease 
Cardiac dysrhythmias 
Congestive heart failure 
Hypertension 
Peripheral vascular disease 
Acthritis 
Cerebrovascular accident 
Hemipiegia/hemipafesis 
Parkinson's disease 
Seizure disorder 
Transient ischemic attacks 
Depression 
EmphysemalCOPD 
Anemia 
Cancer 
Rend Faiiure 



Appendix T 

The Dehydration RAP 

TlUGGER 

Dehydration suggested if one or more of following present: 

Dehydrated [Jl c = checked] 

a hufficient fluiddid not consume al1 liquids provided [Jld = checked] 

a UTI [12j = checked] 

Weight fluctuation of 3+ pounds [Jla = checked] 

a Fever [Jl h = checked] 

Internai bleeding [Jlj = checked] 

a ParenteraYrV [KSa = checked] 

a Feeding tube W b  = checked] 

a Takùig diuretic [ W e  = 1-71 
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