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Post-stroke Delirium: Meta-analysis of Frequency 
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Abstract

Objective: To determine the frequency of post-
stroke delirium by systematically reviewing original 
research on this topic. 

Methods: MEDLINE, EMBASE, PsychINFO and the 
Cochrane Database of Systematic Reviews were 
searched for potentially relevant articles published 
from 1967 to March, 2014. The bibliographies of 
relevant articles were searched for additional ref-
erences. Twelve studies met the inclusion criteria. 
The validity of included studies was assessed ac-
cording to criteria derived from Barker et al (Barker 
et al, 1998). Information about diagnostic criteria 
for delirium,, diagnostic instruments, length and fre-
quency of screening, population (eligible, enrolled 
and completed screening), age, gender, time to en-
tering study following stroke, stroke type and loca-
tion, presence of dementia and medical co morbid-
ity, psycho-active drug use and number of patients 
with delirium was systematically abstracted, tabu-
lated and synthesized according to the MOOSE 
guidelines for reporting of meta-analyses. 

Results: There was significant heterogeneity in re-
sults of the studies of frequency of post-stroke de-
lirium. The proportions ranged from 10% to 48%. 
The summary proportion was 0.24 (95% CI 0.18, 
0.32). The frequency of post-stroke delirium may 
be related to medical co-morbidity or psycho-active 
drug use.  

Conclusion: Post-stroke delirium may be frequent. 
Because of significant heterogeneity in the results 
of studies of frequency, the result of this review 
must be interpreted cautiously. 

Key words: Delirium, post-stroke, incidence, 
prevalence, confusion 
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Introduction

Delirium is a neurocognitive disorder characterized by 
acute onset, fluctuating course and disturbances in 
consciousness, orientation, memory, thought, perception 
and behavior (DSMIV-TR). Delirium in older patients has 
been associated with significant increases in cognitive 
impairment and functional disability, length of hospital 
stay, institutionalization and death (Cole/93, Witlox/10).

Delirium may be frequent following stroke but reported 
rates vary widely. Because knowledge of the frequency 
of post-stroke delirium may inform decisions to develop 
special interventions for this disorder and because there 
are no systematic reviews of frequency, the objective of 
this study was to determine the frequency of post-stroke 
delirium by systematically reviewing original research on 
this topic. The review process, guided by the proposals 
of the MOOSE group for reporting of meta-analyses of 
observational studies, involved systematic selection of 
articles, abstraction of data, assessment of study validity 
and qualitative and quantitative synthesis of results.

Methods

Selection of articles 
The selection process involved four steps. First, 4 
computer databases, MEDLINE, EMBASE, PsychINFO 
and the Cochrane Database of Systematic Reviews were 
searched for potentially relevant articles published from 
1967 to March 2014  using the keywords “poststroke” and 
“delirium” or “confusion” and “incidence” or “prevalence”. 
Second, relevant articles (based on independent review of 
the title and abstract by authors were retrieved for more 
detailed evaluation. Third, the bibliographies of relevant 
articles were searched for additional references.  Finally, 
all relevant articles were independently screened by 
authors to meet the following inclusion criteria: (1) original 
prospective cohort study; (2) published in English; (3) used 
acceptable criteria for the diagnosis of delirium and (4); 
included information about the incidence or prevalence of 
post-stroke delirium. The final set of included articles was 
determined by consensus of authors.

Abstraction of data 
Information about the study site, inclusion and exclusion  
criteria, diagnostic criteria for delirium,, diagnostic 
instruments, length and frequency of screening, population 
(eligible, enrolled and completed screening), age, gender, 
time to entering a study following stroke, stroke type and 
location, presence of dementia and  medical comorbidity, 
psycho-active drug use and number of  patients with 
delirium. Data was abstracted independently by both 
authors and the data included in the review was determined 
by consensus.

Assessment of validity 
To determine validity, the methods of each study were 
assessed according to criteria derived from Barker et al 
(Barker et al, 1998): appropriate population, systemic 

sample, enrolment rate >75%, use of a reliable and valid 
diagnostic instrument (Table1). Each study was scored 
independently by authors with respect to meeting (+) or not 
meeting (-) each of the criteria. The results of the validity 
assessment were determined by consensus.

Data synthesis:
Qualitative: All abstracted information was tabulated. A 
qualitative meta-analysis was   conducted by summarizing, 
contrasting and comparing abstracting data. 

Quantitative: For each of the selected studies, the overall 
incidence of post-stroke delirium was verified or computed 
if necessary. Incidences for multiple studies were pooled 
in a binomial meta-analysis (5, 6). We tested study 
homogeneity and depending on whether homogeneity was 
accepted or rejected; we used the fixed or the random effect 
model for meta-analysis in order to calculate an overall 
incidence and it is 95% CI. We used the Q statistics to test 
between study homogeneity: homogeneity was rejected 
when the Q statistic p-value was less than 0.10. The meta-
analysis was conducted using the R 3.1 software (7).

Results

Selection of articles:
The search strategy yielded 280 potentially relevant 
studies; 32 were retrieved for more detailed evaluation; 
9 met the inclusion criteria (Sheng et al ,  2006,  Dostovic 
et al , 2009,  McManus et al , 2009,  Dahl et al , 2010,  
Oldenbeuving et al , 2011,  Mitasova  et al , 2012,  Lees et 
al,  2013,  Naidech et al , 2013,  Miu et al , 2013). Twenty 
three studies were excluded; 6 were clinical reviews, one 
was a duplicate publication and sixteen did not meet one or 
more of the inclusion criteria. A search of the bibliographies 
of relevant studies yielded three additional studies that met 
the inclusion criteria (Gustafson et al, 1991, Gustafson et 
al 1993, Caeiro et al , 2004).

Assessment of validity:
All 12 studies had an appropriate population with 
systematic sample. In six studies, the enrolment rate was 
greater than 75%. Nine studies used a reliable and valid 
instrument to diagnose delirium

Data synthesis:
Qualitative analysis: All studies did not report on all 
the variables of interest (Table 3). The 12 studies were 
conducted in Europe (n=10), North America (n=1) or China 
(n=1) and, for the most part, enrolled patients admitted 
to university stroke units. Sample size ranged from 82 to 
535 patients. Mean age ranged from 24 to 101 years. The 
proportion of men ranged from 46% to 63%. The length 
of screening ranged from 1 to 28 days and frequency 
of screening ranged from once during the admission 
to twice per day. Eight studies included patients with 
both intracerebral hemorrhage and cerebral infarction; 
two included only patients with cerebral infarction; one 
included only those with intracerebral hemorrhage and 
one study did not report the type of stroke.  Eleven studies 
reported stroke type and location. The number of included 
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patients with dementia ranged from 8 to 25; two studies 
reported that 78 patients had cognitive decline. Nine 
studies reported medical co-morbidities. Four studies 
reported concurrent psycho-active drug use. Diagnostic 
instruments included the CAM (n=5), CAM –ICU (n=2), 
Organic Brain Syndrome Scale (n=2), Delirium Rating 
Scale (DRS, n=3) and DRS R-98 (n=1). Delirium was 
diagnosed using different versions of DSM criteria: seven 
studies used DSM III R; two used DSM IV; two used DSM 
IV R; one used both DSM IIIR and DSM IV criteria.

The frequencies of delirium varied from 10% to 48%, median 
26%.  Variation in reported rates could not be explained 
by most of the above variables.  Medical comorbidity and 
psycho-active drug use, however, may explain some of 
the variation: study populations with reported high medical 
comorbidity and psycho-active use appeared to have 
higher frequencies of post-stroke delirium. 

Quantitative analysis
The results of the quantitative analysis are presented in 
Figure 2. The Q statistic P value was <0.0001, indicating 
heterogeneity in reported rates of post-stroke delirium. 
The summary proportion with post-stroke delirium was 
0.24 (95% CI 0.18, 0.32).

The frequency of post-stroke delirium may be related to 
medical co-morbidities and psycho-active drug use in 
studies that reported co-morbidities and drug use, but the 
timing of co-morbidity and drug use in relation to the onset 
of delirium is not clear. 

Thus, it is unclear whether the stroke alone was the 
putative cause of delirium or whether delirium was due 
to complications of stroke (e.g. aspiration pneumonia, 
dehydration),  other medical conditions or psycho-active 
drug use. Notably, there was no indication that specific 
diagnostic criteria, specific diagnostic instruments, greater 
frequency of screening or longer periods of screening 
identified more patients with delirium. 

This review has five strengths. First, we conducted 
a systematic search of the literature. Second, only 
prospective studies were included. Third, the validity of 
included studies was systematically assessed. Fourth, 
there was a qualitative and quantitative synthesis of data 
and examination of study variables to try to account for 
variability in the study results. Finally, 3 phases of the 
review process (literature search, assessment of validity, 
data abstraction,) were conducted independently by 
authors who met to determine consensus.

This review has three potential limitations. First, the 
literature search was limited to articles published in English 
because we did not have the resources to translate articles 
written in other languages. Second, included studies did 
not report on all variables of interest. Third, there was 
significant heterogeneity in the results of the studies; it is 
arguable that such heterogeneity should have precluded 
the combining of the results of the studies.

RE VIE W ARTICLE
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Table 1: Estimated Incidence and weight of individual studies
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Table 2: Meta Analysis summary: Incidence of Post Stroke Delirium

Figure 1: Selection of articles included in the meta-analysis
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Figure 2: Forest plot of the incidence of post-stroke delirium
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Table 3a: Studies of the Frequency of Post Stroke Delirium
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Table 3b: Studies of the Frequency of Post Stroke Delirium



MIDDLE EAST JOURNAL OF FAMILY MEDICINE  •  VOLUME 7 , ISSUE 10 83WORLD FAMILY MEDICINE/MIDDLE EAST JOURNAL OF FAMILY MEDICINE VOLUME 18 ISSUE 7 JULY 2020

ORIGINAL CLINICAL RESEARCH

Table 3c: Studies of the Frequency of Post Stroke Delirium
Legend to Table 3:

A Fib  Atrial Fibrillation
BI Barthel Index
CAD  Coronary Artery Disease
CAM Confusion Assessment Method
CAM-ICU  
 Confusion Assessment Method  
 Intensive Care Unit
CDT Clock Drawing Test 
CI Cerebral Infarction
DM Diabetes Mellitus
DRS Delirium Rating Scale
DRS -R-98
 Delirium Rating Scale Revised- 98
DSM  Diagnostic and Statistical Manual
FIM  Functional Independence Measure
GSC Glasgow Coma Scale
IQ CODE  
 Informant Questionnaire on Cognitive 
 Decline in the elderly
IH Intracerebral Hemorrhage 
IT  Infratentorial
LH   Left Hemisphere
LI Lacunar infarction
LST  Left-sided supratentorial 
MDAS Memorial Delirium Assessment Scale
MMSE  Mini–Mental State Examination
OBSS Organic Brain Syndrome Scale
PAC Partial Anterior Circulation
POC  Posterior Circulation
RASS Richmond Agitation –Sedation  
 Scale
RH  Right Hemisphere
SH Subarachnoid hemorrhage 
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Recommendations

• The following recommendations should be considered in 
the design of new studies to determine the frequency of 
post-stroke delirium.

• The type(s) of stroke and the criteria for type should be 
specified as should the time to enrolment following stroke. 
Perhaps there should be a time limit to enrolment following 
stroke.

• Standardized instruments to diagnose and measure the 
severity of delirium would be useful.

• The frequency and length of screening for delirium should 
be specified.

• The number of patients, who were eligible, enrolled and 
completed screening should be reported.

• Stroke type and location and stroke size should be 
reported.

• The putative cause(s) of delirium should be assessed 
and reported.

• There should be measures of medical co-morbidities and 
psycho-active drug use that was used in the analysis of 
frequency of post-stroke delirium. If possible, the timing 
of the co-morbidity and drug use in relation to the onset of 
delirium should be specified. 

Key points

•  Post-stroke  delirium appears to be  frequent  
• Because of significant heterogeneity in the results of 
studies of post-stroke delirium, the results of this review 
must be interpreted cautiously 

References

1. Meta-analysis of Observational Studies in Epidemiology, 
A Proposal for Reporting, Stroup et al, JAMA, Vol 283, No. 
15, 2008-2012 ,  2000. 
2. Prognosis of delirium in elderly hospital patients, Cole, 
CMAJ.  Vol 149(1):41-6 1993
3. Delirium in elderly patients and the risk of post discharge 
mortality, institutionalization, and dementia: a meta-
analysis, Witlox et al, JAMA. 28;304(4):443-51, 2010
4. American Psychiatric Association, 2000. Diagnostic and 
Statistical Manual of Mental Disorders: 4th Text Revision 
DSM –IV –TR. American psychiatric publishing, Inc: 
Washington, USA
5. Deville WL, Buntinx F, Bouter LM, Montori VM, de Vet HC, 
van der Windt DA, Bezemer PD. Conducting systematic 
reviews of diagnostic studies: didactic guidelines. BMC 
Med Res Methodol 2002;2:9.
6. Egger M, Smith GD, Altman DG. Systematic Reviews 
in Health Care: Meta-analysis in Context. London: BMJ 
Publishing, 2001
7. R Development Core Team (2009). R: A language and 
environment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria. URL http://www.
R-project.org.
8. Subsyndromal delirium in older people: a systematic 
review of frequency, risk factors, course and outcomes, 
Cole at al, Int J Geriatric Psychiatry, 28; 771-780, 2013 


