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Background and purpose: Delirium is a common complication in acute stroke yet there
is uncertainty regarding how best to screen for and diagnose delirium after stroke. We
sought to establish how delirium after stroke is identified, its incidence rates and factors
predicting its development.

Methods: We conducted a systematic review of studies investigating delirium in acute
stroke. We searched The Cochrane Collaboration, MEDLINE, EMBASE, CINHAL,
PsychINFO, Web of Science, British Nursing Index, PEDro and OT Seeker in October
2010.

Results: 3127 citations were screened, full text of 60 titles and abstracts were read, of
which 20 studies published between 1984 and 2010 were included in this review. The
methods most commonly used to identify delirium were generic assessment tools such
as the Delirium Rating Scale (n=5) or the Confusion Assessment Method (n=2) or both
(n=2). The incidence of delirium in acute stroke ranged from 2.3% to 66%, with our
meta-analysis random effects approach placing the rate at 26% (95% ClI: 19-33). Of
the 11 studies reporting risk factors for delirium, increased age, aphasia, neglect or
dysphagia, visual disturbance and elevated cortisol levels were associated with the
development of delirium in at least one study. The outcomes associated with the
condition are increased morbidity and mortality.

Conclusions: Delirium is found in around 26% of stroke patients. Difference in
diagnostic and screening procedures could explain the wide variation in frequency of
delirium. There are a number of factors that may predict the development of the
condition.
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Introduction

Delirium (or acute confusional state) is a severe but potentially preventable disorder which is common among elderly
hospital patients[1,2], with reported prevalence of 20-30% across a variety of settings[3]. Delirium is associated with
increased mortality, morbidity and length of hospital stay[4,5]. Delirium may be hyperactive (accompanied by overt
psychotic symptoms and agitation); hypoactive (characterised by sedation); or mixed (i.e. both hypoactive and hyperactive).

The hypoactive type can often be undetected or misdiagnosed as depression[6].

Although stroke is a recognised predisposing factor for the development of delirium, there is currently no clear guidance on
whether stroke patients should be routinely screened for delirium; no guidelines on the best way to screen for delirium and
no multidisciplinary treatment recommendations for the condition[7,8]. This is despite recent national guidance on the
importance of early identification of delirium in hospital patients over the age of 65 presenting with significant illness[9].

Potentially, this means that delirium in acute stroke may be missed, particularly with the hypoactive type[10].

There is, to our knowledge, no published systematic review on delirium after stroke. Asa systematic review is the least
biased way of collating and examining evidence from the literature[11], we undertook a systematic review to determine the

following in acute stroke:

1. The incidence of delirium, the patient related factors associated with its development, and the association between

developing delirium and outcome.

2. How best to screen for delirium, specifically, the feasibility of the screening tools, and their sensitivity and

specificity.

Materials and Methods

In October 2010 we searched: Cochrane Stroke Group Trials Register and the Cochrane Dementia and Cognitive
Improvement Group Trials Register, the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane
Library, latest issue), MEDLINE (1950-), EMBASE (1980-), CINAHL (1981-), PsycINFO (1840-), Web of Science (1970-
); British Nursing Index (1985-), Physiotherapy Evidence Database (PEDro) and OT Seeker for the systematic evaluation
of evidence in Occupational Therapy practice. See appendix 1 for keyword combinations used. Reference lists of identified
articles were scrutinised to identify studies that were not identified by the electronic searches. Authors of published studies

were contacted on two occasions for clarification and seeking out of further details.
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Inclusion criteria

We included cross sectional studies, longitudinal studies, cohort studies case control studies and case series. All adult
participants (>18 years) presenting as hospital inpatients with a clear diagnosis of stroke[12] or subarachnoid haemorrhage
(SAH) were included. Full publications in English, Hebrew, French, German, Dutch or Spanish were considered for this

review.

Exclusion criteria

We excluded conference proceedings, editorials, opinion pieces, review papers, letters, single case studies, case series of
three patients or fewer, studies presenting patients admitted due to delirium (rather than Stroke or SAH), studies reporting

on acquired brain injury or progressive neurological brain damage (e.g. multiple sclerosis, dementia) or delirium tremens.

Study selection

Titles and abstracts identified from database searches were be reviewed by one author (GCL) and obviously irrelevant work
was eliminated. This author categorised all citations as either ‘Include’, ‘Exclude’ or ‘Possible’ using an agreed paper form,
the reasons for exclusion were also logged on this form. All abstracts of both included, possible and excluded studies were

reviewed by the first author plus a second review author (FvW, GEM or KN) who independently screened for relevance and

fulfilment of inclusion criteria. Disagreements were resolved by discussion with a third reviewer.

Data extraction and quality assessment

Paper data extraction forms were designed, piloted on 3 studies, revised and subsequently used to extract data from the
studies which met the inclusion criteria. We extracted data on: 1. Year of publication, study design, and characteristics of
study participants. 2. Sample size, inclusion and exclusion criteria. 3. Tools used to diagnose and or screen for delirium
including any data provided regarding psychometric properties and the suitability of tool use with stroke patients. This was
judged based on the necessity of the patient to be able to understand and use language in order to participate in the
assessment. 4. Number of patients who experienced delirium, predictors of developing delirium and outcomes associated
with delirium in acute stroke. Our data extraction forms also incorporated the 14 item tool for the Quality Assessment of
studies of Diagnostic Accuracy included in systematic reviews known as the QUADAS Tool[13]. Each item in this
checklist had been designed to assess the reliability of specific aspects of a study’s methodology (see appendix 2 for full
details). Individual items are scored as ‘yes’, ‘no’ or ‘unclear’. ‘Yes’ scores indicate that the methodology has minimised
bias and increased reliability of the study outcomes while a high number of ‘no’ or ‘unclear’ scores question the reliability

of the diagnostic procedure[13]. In some cases, we had to score ‘non-applicable’ due to the nature of some of the papers.
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When completing the QUADAS checklist, the Reference Standard was regarded as a clinical assessment of delirium using
established diagnostic criteria[14] such as DSM-I111[15], DSM-I11-R[16], DSM-1V[17] or DSM-IV-R[18]. The Index Test
was regarded as any delirium diagnostic or screening tool such as the Confusion Assessment Method (CAM)[19], the
Delirium Rating Scale (DRS)[20], Organic Brain Syndrome (OBS) Scale[21] or the Mini Mental State Examination

(MMSE)[22].

One review author (GCL) extracted all data and assessed quality and 3 other authors (GEM, FvW and KN) independently
extracted the data from a third of the papers each. In instances where there were discrepancies in scoring QUADAS items,
raters discussed the specific items and reached agreement as to the definitive scores. Full scores for each paper are

presented in appendix 2.

Statistical Analysis

Data on incidence were extracted from each study and a 95% Confidence Interval (CI) produced. These were combined in a
meta-analysis to synthesise single descriptive statistics across the studies. To determine the pooled estimate, the
DerSimonian and Laird random effects[14] meta-analytic approach was undertaken. Statistical heterogeneity was assessed
using the Q statistic, with p<0.05. The metan procedure in Stata version 9.2 was employed in the analysis and production of

the associated Forest plot.

Results

A total of 3127 citations were identified by one author (GCL), of which, 198 were retrieved for abstract and/or full text
scrutiny. 138 studies were rejected as per our inclusion / exclusion criteria, leaving 60 titles, the full texts of which were
further scrutinised. Of these articles, a total of 40 were excluded due to not meeting our inclusion criteria leaving a total of
20 studies which met the inclusion criteria for this review. No new titles were identified from reference lists of the available

studies.

Description of studies included in this review

All included studies originated from hospital based cohorts, most of which stated that delirium assessments were conducted
within 1 week of hospital admission (table 2). The designs employed in the studies included in this review were prospective
studies (n=11), retrospective studies (n=3) case controls (n=3), one cross sectional study, one pilot study of treatment

intervention and one study which was described as “observational” (see table 2).

Diagnostic and screening tools used
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A total of 12 studies reported applying established diagnostic criteria when assessing patients for delirium: Six (30%)
studies applied DSM 1V[2, 23-27], three (15%) studies applied DSM 111-R[28-30], two studies applied DSM 1V-R[31,32],
and one (5%) study applied DSM 111[33]. Three studies referred to “clinical assessment” but did not detail any diagnostic
guidelines[34-36], and one study referred to the diagnosis of “disorientation” using a simple 3 point scale[37]. As for tools
used to screen for delirium, of the 14 studies utilising such tools, 5 used the DRS or DRS R-98[2,23,24,31,32]; 2 studies
used the CAMI,38]; 2 studies used both the DRS and the CAM[39,40]; 3 studies used the OBS Scale[25,29,30] and 2

studies used the MMSE[35,36]. See table 2 for full details.

The DRS[20] and the CAM[19] are frequently used tools both of which are based on DSM criteria, have been designed to
identify delirium in a variety of settings. The DRS is a tool comprising 10 items, designed for use by medical staff with
specific training[20]. The highest possible score is 32, with a cut-off score of ten indicating the presence of delirium, thus
the DRS may be used to rate the severity of delirium[10]. Comprising of four features (acute onset and fluctuating course,
inattention with either: disorganised thinking or altered level of consciousness) the CAM was developed for use by any

health professional, it has high sensitivity, specificity and reliability and is easy to administer[19].

The Organic Brain Syndrome (OBS) Scale was developed for the evaluation of disturbance of awareness and orientation
and other signs of confusion in the elderly[41]. Reportedly taking up to 1 hour to complete[42], the OBS Scale consists of
two subscales: OBS1 (16 items) for disorientation and OBS2 (39 items) for confusion. For both subscales, the severity of
symptoms are ranked in a four point ordinal scale from zero to three, where zero denotes a correct response and three

denotes incorrect response. The Mini Mental State Examination (MMSE)[22] is a screening test of cognitive impairment.

One of the 20 studies included in this review reported data on sensitivity and specificity of the screening tools but this was
not specific to stroke patients. However, all studies using either the DRS or the CAM referred to the original papers where
data on sensitivity and specificity was available. There was no attempt in any of the studies to assess the suitability of using
a generic delirium screening tool in acute stroke. A number of studies considered the challenge of using the above tools in
acute stroke, as ten studies reported excluding patients with reduced consciousness[23,27,29,30,32,33,36-39] and four
studies excluded patients with aphasia[24,26,29,36]. Caeiro et al. reported scoring zero in certain items of the DRS if
patients had “language difficulties”[23,31,32], however, this term is somewhat vague. Henon et al. considered the
possibility of erroneously diagnosing demented or aphasic patients with delirium and report that patients had to score over
10 on the DRS[2]. Gustafson et al. referred to the use of clinical observation of rapid behavioural changes and

disorientation on the ward as a indicative of delirium in aphasic patients[30].

Evaluation of methodological quality
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Studies which achieved the highest QUADAS scores tended to be those which utilised more than one method of identifying
delirium in their cohort: a combination of a clinical assessment with the use of a screening tool[2,23-25,29-32] or two tools
such as the CAM for detection and the DRS for severity of delirium[39,40]. In studies which utilised only one method of
identification of delirium items 7, 10 and 11 of QUADAS were removed and thus appear in table 1 as “non-applicable”[13].
Item 7 of the QUADAS was at times difficult to score as although the different tests utilised in practice are independent of
each other, the DRS[20] and the CAM[19] are based on DSM Diagnostic Criteria and therefore one may argue that they are

not entirely independent. Appendix 2 gives details of the scores given to each study as per QUADAS items.

Incidence of delirium in acute stroke and SAH

The overall incidence estimates of delirium in acute stroke and SAH is difficult to definitively establish due to the
substantial heterogeneity observed (chi-square=587.49, degrees of freedom=19, p=0.000). This is often the case for single
group studies, with 99% of the variation in the point estimate being attributable to heterogeneity[43]. Due to this, we report
only the results of the random effects approach: incidence of delirium was 26% with a 95% confidence interval of 19%-
33%. The frequency of delirium assessment also varied: Ten studies applied diagnostic procedures once within the first
week of admission[23,24,26,28,31,32,36-39] and 3 studies applied these more than once daily[29,30,38] with the rest of the

studies not reporting on the time points at which delirium assessments were carried out (table 2).

Risk factors for developing delirium in acute stroke

Risk factors were examined in 17 of 20 studies (n=478 with delirium). The most frequently cited risk factors for developing
delirium in the acute stage of stroke were: older age[2,23,26,27,29,30,32]; specific symptoms resultant from the stroke
(aphasia, neglect or dysphagia)[23,26,27,31,32,38]; impaired vision[25-27,38], either as a result of the stroke or pre-morbid
visual disturbance, elevated cortisol levels[28,29,37] and drugs with anticholinergic effect[30,31]. Eight studies (=209
with delirium) reported the association between lesion location and development of delirium: three studies found an
association between right sided lesions[33,36,44] and two for left sided lesions[30,34]. One study associated lesions of the
posterior cerebral artery (PCA) with the development of delirium[35] while another reported a longer duration of delirium
in patients with right hemisphere lesions, but the finding were not statistically significant[24]. Two studies[2,27] found no
significant association between lesion type or location with the development of delirium. Two studies[23,26] found that
delirium was most frequent and most severe following intracerebral haemorrhage, and two studies[26,38] found an
association between a Total Anterior Circulation Infarct (TACI) stroke and the development of delirium. The remaining

studies did not investigate the association between lesion location or type and delirium.

Outcomes associated with delirium in acute stroke
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Ten studies (n=331 with delirium) related outcomes to the presence of delirium in acute stroke. All ten studies showed that
those who experience delirium had unfavourable outcomes, with the other ten studies not reporting data on outcomes. It
was consistently reported that patients who experienced delirium in the acute stage of stroke were more likely to have
unfavourable outcomes such as increased hospital stay [23,26,29,30,38]; increased mortality rates [23,24,26,37,38] and
increased dependence: measured by rates of institutionalisation [26,29,38] or by means of standardised assessment of ability

to perform Activities of Daily Living [2,23,25-27].

Discussion

Incidence rates of delirium in acute stroke

Our meta analysis finding of an incidence rate of 26% (95% CI 19%-33%) of delirium in acute stroke is consistent with the
rate of delirium found in other medical settings[3]. However, this result must be seen in the context of other findings of this
review which relate to the variation in diagnostic and screening methods used to identify delirium after stroke. This

variation and the varying methodological rigor, discussed below, are factors which may explain the wide range of incidence

of delirium observed and the heterogeneity observed across the studies.

Rigour of delirium diagnostic procedures

The rigor of diagnostic procedures across the studies included in this review must be seen in light of the decade the studies
were conducted in. Three of the studies included in this review predate the development of validated delirium diagnostic or
screening tools[33,36,44], one of which was a retrospective case note review and shall be discussed separately below[33]:
Mori and Yamadori conducted a study investigating the presence of acute agitated delirium and ACS following right MCA
infarcts. The authors state that mental state examinations were carried out, however, there is no mention of diagnostic
criteria used. Also, the MMSE was applied within two weeks, arguably, this time period is too long, as it is possible that
cases of ACS were missed within that time period[36]. Schmidley and Messing do not explicitly refer to diagnostic criteria

used however, they do detail the definition of ACS which follows DSM 11 criteria[44].

Four of the studies included in this review conducted retrospective reviews of patient case notes to establish the incidence of
delirium after stroke[33-35,44], while these methods are valid, the rigour of diagnostic procedures is impossible to critique
as the reporting of these is lacking, perhaps understandably as the researchers did not conduct the delirium assessments.
Other instances where we had difficulty commenting on the rigor of diagnostic procedures relate to lack of sufficient detail
reported: Sandberg et al. conducted a study of sleep apnea and its relation to delirium, the scales used to diagnosed delirium

are described, however, the frequency and timing of assessment are not detailed thus it is difficult to critique the methods
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beyond the choice of tools[25]. Dostovic et al.[24] and Fassbender et al.[28] also do not give sufficient details regarding the
execution of the delirium assessments, thus it is difficult to judge the methods employed to diagnose delirium in their
cohort. Marklund et al. provided sufficient detail of their diagnostic protocol as they aimed to investigate the relationship of
serum cortisol levels post stroke and relate these to the presence of disorientation[37]. It is curious that they chose to
investigate the presence of ‘disorientation’, which is a manifestation of delirium, but in itself, it does not constitute a
medical or psychiatric condition and seen alone, it is not enough to determine a delirium diagnosis as per DSM
criteria[15,16,18]. Marklund et al assessed ‘disorientation’ by means of a hon-standardized 3 point scale, the validity and
sensitivity of which is unknown[37]. Overall, it appears that in those studies where more rigorous assessment protocols

were followed, there is greater confidence in the incidence rates found.

The use of general delirium tool in a stroke cohort

An important finding of this review is the application of diagnostic tools developed for use in a general medical
environment, within a stroke cohort. Among the studies included in this review, none had addressed the fact that the tools
used were not specifically designed to detect delirium in a stroke cohort. The question regarding the suitability of the tools
used to screen for delirium in stroke patients has been asked by McManus et al. as they offered some drawbacks for the use

of both the CAM and the DRS in a stroke population, based mainly on language difficulties and the fluctuating nature of
cognitive function within the acute phase of stroke[10]. Albeit, McManus et al.[39] compared the CAM and the DRS in the
acute stroke population and found that there was high level of agreement between the two screening tools and that there is a
strong correlation between a low MMSE score and delirium in this setting. They concluded that the CAM is favourable due
to its ease of use but cautioned that appropriate training is essential for use of either tool. Oldenbeuving et al. also favour
the CAM for use in a stroke cohort, despite the fact that it was not tested for use in this setting[45]. The tool less frequently
used by studies in this review is the OBS Scale. According to Bjorklund et al.[41] various studies have assessed the OBS
scale’s sensitivity to detecting a range of organic brain syndromes and found high inter-rater reliability. The OBS Scale has
also been reported to show good responsiveness to cognitive symptoms in an elderly population[41] but there is no
published reference to any psychometric properties of this tool[46]. A comparison between the OBS Scale and the MMSE
as applied to patients with dementia was carried out by Jensen et al.[47] and the two were found to have good agreement,
however, the sample comprised of patients with dementia and the applicability of the OBS Scale in a stroke setting is not
described in the literature. The fourth tool reported in this review is the Mini Mental State Examination (MMSE), a tool
which has reported restrictions in the application in stroke due to its score being influenced by language, mood and sensory
and motor function[10]. It seems clear that greater uniformity in the method and frequency of application of delirium

assessment batteries would enable the establishment of greater clarity on the incidence of delirium after stroke.
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Sources of Bias

Some of the studies we reviewed were limited by selection bias. Mori and Yamadori and Schmidley and Messing
investigated the presence of ACS in MCA infarcts, reportedly due to the fact that the relationship between right hemisphere
infarctions and ACS had been previously described[36,44]. Similarly, Nicolai and Lazarino restricted their cohort to PCA
territory infarcts, however, unlike the aforementioned studies, the presence of ACS in this type of infarct is not well
documented in the literature, and indeed, they report a small number of new cases of PCA infarcts with ACS[35]. Another
factor relevant to selection bias is exclusion criteria. A total of four studies excluded patients with aphasia[24,26,29,36].
Aphasia has been reported in up to 38% of patients with acute stroke[48], therefore it is possible that a substantial
proportion of patients have been excluded from the study of incidence rates of delirium. Another point to note is that the
CAM was validated for use with non-verbal patients in the Intensive Care environment (CAM-ICU)[49], it is therefore
surprising that researchers choose to exclude patients with aphasia when there is a validated tool available for use with
patients who are unable to communicate. A total of seven studies excluded patients with a history of dementia[24,26,33-
36,44], presumably to enable more accurate distinction between delirium and dementia, however, other authors have
reported an association between pre-existing cognitive impairment and developing delirium in acute stroke[27,30,38] thus,

by excluding this group of patients, potentially the incidence rates of delirium would be affected.

Risk factors and outcomes in delirium after stroke

Some of the risk factors for the development of delirium identified in this review are consistent with the general medical and
geriatric literature. Older age and severe illness and visual impairment are established risk factors for delirium[5,9,50]. The
importance of anticholinergic medication as precipitating factor for the development of delirium is documented in the
medical literature[5,51], however, only 2 of the studies included in this review examined this as a risk factor for delirium in
acute stroke. More specifically to stroke, a number of studies included in this review have found that a stroke in the
territory of the middle cerebral artery (MCA) is a precipitating factor for the development of delirium, which has been
reiterated by Caplan, who reviewed studies that we have excluded on the grounds that the presenting feature of the patients’
admission was the delirium rather than stroke[52]. To the best of our knowledge, other stroke-specific factors highlighted in
this review have not previously been discussed in the literature. As for outcomes associated with delirium after stroke, these
are consistent with published literature, as it is well established that delirium is associated with an increased length of

hospital stay and increased mortality and morbidity[4,5,9,53].

Strengths, weaknesses and future research
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To our knowledge, this is the first time the literature on delirium after stroke has been systematically reviewed. We are
confident that our search strategy has identified all the available literature in the field, and we had followed a rigorous
protocol when applying inclusion / exclusion criteria and during data extraction. We have applied a validated, rigorous
checklist[13] for the quality assessment of included studies, which we believe has strengthened the review. However, the
main restriction of this review stems from the substantial heterogeneity of the studies included. It was difficult to compare
and group studies because of the wide variation in the way delirium was detected and the timing and frequency of delirium
assessment. This has highlighted the importance of establishing delirium screening guidelines within stroke medicine, to
enable an early identification, treatment and potential minimisation of the effects of the condition on patients and healthcare
systems. We propose that an important direction for future research lies in either adapting an existing screening tool for the

use within a stroke cohort, or the development of a new tool, specifically designed to be used with patients after stroke.
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Table 1: QUADAS scores itemised per paper. Items are scored: Yes; No; Unclear (UC); or Non Applicable (NA).

ITEM/STUDY 5 8 10 11 12 13 14
Caeiro et al 2004 Journal of Y Y Y Y Y Y Y NA NA Y uc Y
Neurology
Caeiro et al 2004 European Y Y Y Y Y Y Y NA NA Y uc uc
Journal of Neurology
Caeiro et al 2005 Y Y Y Y Y Y Y NA NA Y uc Y
Dahl et al 2010 Y Y uc N Y Y Y N N Y uc N
Dostovic et al 2008 Y NA Y Y Y N N NA NA uc uc uc
Dunne et al 1986 uc uc uc uc uc ucC ucC uc uc Y N N
Fassbender et al 1994 Y uc uc NA NA NA N NA NA Y uc uc
Gustafson et al 1991 Y Y Y Y Y Y Y ucC uc Y uc uc
Gustafson et al 1993 Y Y Y Y Y N Y N N Y N uc
Henon et al 1999 Y uc Y Y Y Y N uc uc Y uc Y
Marklund et al 2004 uc uc Y NA NA NA N NA NA Y uc Y
McManus et al 2009 Age & Y NA Y Y NA Y NA NA NA Y N uc
Ageing
McManus et al 2009 Y Y Y Y Y Y Y N N Y uc Y
Mori & Yamadori 1987 uc N uc Y Y Y Y uc uc Y uc uc
Nicolai & Lazzarino 1994 uc uc uc uc Y Y N uc uc Y N N
Oldenbeuving 2008 Y Y Y Y Y N N NA N Y uc Y
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Sandberg et al 2001 Y ucC Y ucC Y Y ucC ucC uc N
Schmidley & Messing 1984 uc ucC ucC Y NA NA ucC ucC uc uc
Sheng et al 2006 Y ucC Y Y NA NA NA NA NA Y
Shih et al 2007 N NA Y Y NA NA NA NA uc NA

QUADAS items: 1. Was the spectrum of patients representative of the patients who will receive the test in practice?; 2. Were the selection criteria clearly described?; 3. Is

the reference standard likely to correctly classify the target condition?; 4. Is the time period between reference standard and index test short enough to be reasonably sure that

target condition did not change between the two tests?; 5. Did the whole sample or a random selection of the sample receive verification using a reference standard of

diagnosis?; 6. Did patients receive the same reference standard regardless of the index test result? 7. Was the reference standard independent of the index test?; 8. Was the

execution of the reference standard described in sufficient detail to permit replication of the test?; 9. Was the execution of the index test described in sufficient detail to permit

its replication?; 10. Were the index test results interpreted without knowledge of the results of the reference standard?; 11. Were the reference standard results interpreted

without knowledge of the index test?; 12. Were the same clinical data available when test results were interpreted as would be available when the test is used in practice?; 13.

Were uninterpretable / intermediate test results reported?; 14. Were withdrawals from the study explained?
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Table 2: Description of studies included in the review

Study Country Study Design Stroke / Size (n=); Age(years): Mean | Method of Diagnosis N experiencing 95% Confidence
SAH (SD) Range Delirium (%) Intervals”
Caeiro et al® Portugal Prospective case control | Stroke 218; 57.3 (13); 24-86 DRS DSM |V criteria within 4 29 (13.3%) 8.8-17.8
days
1.9-5.9
Caeiro et al* Portugal Case control Stroke 190; 63.6 (12.8); 33-84 DSM IV TR; DRS within 4 days 22 (11.5%) 7.0-16.1
Caeiro et al*® Portugal Prospective cohort SAH 68; 55.5 (14.5); 27-86 DSM IV R; DRS daily for first 4 11(16%) 7.4-24.9
days
Dahl et al Norway Prospective Stroke 178; 73 (no further data) CAM to screen; DSM criteria 18°%° 5.7-14.5
twice daily for 1 week
Dostovic et al Bosnia and Prospective Both 223;70.0 (11.3) DRS R-98; DSM 1V criteria 59 (25.3%) 20.7-32.2
Herzegovina within 4 days
Dunne et al Australia Retrospective Both 387; 68; 20-91 DSM 1l 9 (2.3%) 0.8-3.8
Fassbender et al Germany Prospective cohort Stroke 23; 72; 39-89 DSM III R “in first days of 9 (39%) 19.2-59.1
admission”
Gustafson et al*® Sweden Prospective cohort Stroke 145; 73; 40-101 DSM Il R; OBS Scale twice 69 (47.5%) 39.5-55.7
daily
Gustafson et al” Sweden Prospective case control | Stroke 83; 74.37 (8.1); 44-89 DSM III R; OBS Scale “several 35 (42%) 31.6-52.8
times daily”
Henon et al France Prospective cohort Stroke 202; 75; 40-101 DSM IV; DRS 49 (24.3%) 18.4-30.2
Marklund et al Sweden Observational Stroke 88; 71 (11) Diagnosis of “disorientation” ona | 23 (26%) 16.9-35.3
3 point scale on days 1 and 4
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McManus et al*® UK Prospective Stroke 82; 66.4(15.9); 24-97 CAM within 4 days 23 (28%) 18.3-37.7
observational

McManus et al*® UK Prospective Stroke 82; 66.4(15.9); 24-97 CAM; DRS within 4 days CAM: 23(28%); 18.3-37.7
observational

DRS: 22(27%) 17.2-36.4
Mori and Yamadori Japan Prospective Stroket 41; 68.2 (10.9); 18-85 Clinical Exam, MMSE within first | 25 (61%) 46.1-75.9
week

Nicolai and Lazzarino Italy Review of clinical Stroke 78; 71.7 (6); 65-85 Clinical Exam, MMSE 13 (16%) 8.4-24.9
records

Oldenbeuving et al The Pilot study of Stroke 527, 77;53-86 CAM to screen, DRS for severity | 62 (11.6%) 9.0-14.5

Netherlands intervention

Sandberg et al Sweden Cross sectional Stroke 133;77.1(7.7) DSM IV; OBS Scale 88 (66%) 58.1-74.2

Schmidley and Messing | USA Retrospective case note Stroket 46; aged 71 and 68 (data Clinical assessment 2 (4.3%) -1.5-10.2
review presented on 2 cases only)

Sheng et al Australia Observational 12 month | Stroke 156; 79.2 (6.7) DSM 1V criteria within 3 days 39 (25%) 18.2-31.8
follow up

Shih et al Taiwan Retrospective case note Strokef 29; 65.55; 34-86 Clinical assessment 14 (48%) 30.1-66.5
review

* Cls were calculated by our own team rather than extracted from each study.

+R MCA infarct only

tPCA infarct only
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Figure 1: Meta analysis of incidence rates

Delirium Incidence Post Stroke

%
Authors Year ES (95% CI) Weight
1
Fasshender 1994 —_—— 39.00 (19.20, 59.10) 3.68
Shih 2007 : —— 48.00 (30.10, 66.50) 3.90
Mori and Yamadori 1987 : ——®— 61.00(46.10, 75.90) 4.32
Gustafson 1993 : —_—— 42.00 (31.60, 52.80) 4.83
McManus (Age and Aging) 2009 —:0— 28.00 (18.30, 37.70) 4.93
McManus (Int.Journal of Geriatric Psych) 2009 —IO— 27.00 (17.20, 36.40) 4.94
Marklund 2004 —OI— 26.00 (16.90, 35.30) 4.98
Caeiro 2005 —0—: 16.00 (7.40, 24.90)  5.03
Nicolai and Lazzarino 1994 —0—: 16.00 (8.40, 24.90) 5.08
Gustafson 1991 : —_—— 47.50 (39.50, 55.70) 5.09
Sandberg 2001 : —=— 66.00(58.10, 74.20) 5.10
Sheng 2006 : 25.00 (18.20, 31.80) 5.21

Henon 1999 24.30 (18.40, 30.20) 5.28
4.30(-1.50,10.20)  5.28
25.30 (20.70, 32.20) 5.29
11.50 (7.00,16.10)  5.37

——
——
Schmidley and Messing 1984 1 E
——
-
Caeiro (Journal of Neurology) 2004 - E 13.30(8.80,17.80)  5.37
—— 1
s
1
1
1
<>
1
1
I

Dostovic 2008
Caeiro (European Journal of Neurology) 2004
Dahl 2010 10.00 (5.70, 14.50)  5.38
11.60 (9.00, 14.50)  5.46
2.30(0.80, 3.80) 5.49

Oldenbeuving 2008
Dunne 1986 hd

Overall (I-squared = 96.8%, p = 0.000) 26.16 (19.50, 32.81) 100.00

NOTE: Weights are from random effects analysis

" Proportion Point Estimate '

Figure Legend:

The horizontal lines in the Forest plot represent the 95% confidence interval around the point estimate.
The box around the point estimate is proportional to that of the study’s weight in the analysis. The

pooled estimate diamond is centred on the pooled estimate.
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