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Abstract Background and Pur-
pose Delirium is an acute, transient
disorder of cognition and con-
sciousness with fluctuating inten-
sity. The aim of this study was to
investigate the presence and the
risk factors for delirium in the first
days after stroke onset. Patients
and methods We assessed delirium
prospectively in a sample of 218
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Delirium in the first days

of acute stroke

consecutive patients (mean age 57
years) with an acute (<4 days)
stroke (28 subarachnoid haemor-
rhages, 48 intracerebral haemor-
rhages, 142 cerebral infarcts) and
in a control group of 50 patients
with acute coronary syndromes
with the Delirium Rating Scale
(DRS) (cut-off score>10). Results
29 (13 %) acute stroke patients
(mean DRS score=13.2,SD =2.3)
and only one (2 %) acute coronary
patient had delirium (y?=5.2,
p=0.02). In nine patients delirium
was secondary to stroke without
any additional cause, in 10 patients
there were also medical complica-
tions and in the remaining 10 there
were multiple potential causes for
delirium. Delirium was more fre-
quent after hemispherical than af-
ter brainstem/cerebellum strokes
(p=0.02). No other statistically sig-
nificant associations with stroke lo-
cations were found. Medical com-
plications (OR=4.3;95% CI=1.8

to 10.2), neglect (OR=3.5;95%
CI=1.3t09.2), intracerebral haem-
orrhage (OR=3.1;95% CI=1.3 to
7.5) and age 265 (OR =2.4; 95%
CI=1.0 to 5.8) were independent
factors to the development of delir-
ium in stroke patients. Conclusion
Delirium was more frequent in
stroke than in coronary acute pa-
tients. Among stroke patients,
delirium was most frequent in
older patients, in those with ne-
glect, with medical complications
and with intracerebral haemor-
rhages. These findings indicated
that delirium in acute stroke pa-
tients 1) is not a non-specific con-
sequence of acute disease and hos-
pitalisation and 2) is secondary to
hemisphere brain damage and to
metabolic disturbances due to
medical complications.
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Abbreviations SAH Subarachnoid Haemorrhage
SPSS Statistical Package for Social Sciences
x? Chi-square
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NIHSS  Neurological Institute Health Stroke Scale U Mann-Whitney test

DSM-IV  Diagnostic and Statistical Manual of Mental =~ MCA Middle Cerebral Artery

Disorders-Fourth Edition, Text Reviewed PCA Posterior Cerebral Artery
ICH Intracerebral Haemorrhage
INF Cerebral Infarct
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Introduction

Delirium is an acute, transient disorder of cognition and
consciousness with fluctuating intensity [1]. Delirium
can be a complication of hospitalisation [2] in suscepti-
ble patients. It is a marker of risk for dementia and
death, even in older people without prior cognitive or
functional impairment [3]. Four systematic studies of
delirium in acute stroke patients have provided conflict-
ing results concerning the frequency and determinants
of delirium [4-7]. None of these studies compared
stroke patients with subjects with other acute illnesses,
to differentiate between the role of brain lesion, acute ill-
ness and hospitalisation in precipitating delirium.

The aim of the present study was to describe the pres-
ence of delirium in acute stroke patients, to compare it
with acute coronary patients and to analyse the relation
between delirium and 1) predisposing/precipitating
conditions, 2) clinical/imaging data and 3) functional
outcome at discharge.

Patients and methods

Patients

From April 2000 to June 2001 we investigated prospectively the pres-
ence, severity and correlates of delirium in consecutive acute stroke
patients admitted to a 12-bed Stroke Unit located in the neurology de-
partment of a University Hospital. This stroke unit has a catchment
area of about 700,000 persons and admits acute (<24 hours) stroke
patients except if: 1) a bed is unavailable, 2) age is > 85 years, 3) there
was previous dependency 3) there was a co-morbid diagnosis of can-
cer, chronic renal failure on dialysis, HIV infection, head trauma or
bone fracture.

The inclusion criteria in this study were: 1) an admission diagno-
sis of cerebral infarct, intracerebral haemorrhage or subarachnoid
haemorrhage and 2) psychiatric/psychological assessment per-
formed within 4 days after stroke onset. Alertness was assessed with
the Glasgow Coma Scale (GCS). To avoid the confounding effect of
aphasia, only the “Ocular” (scored 1 to 4) and “Motor” (scored 1 to 6)
responses were added to obtain the GCS score. Patients with a GCS
score <5 on the day of the psychiatric/psychological examination
were excluded.

The control group consisted of consecutive acute coronary pa-
tients hospitalised in the Coronary Intensive Care Unit of the same
hospital with a diagnosis of acute myocardial infarction or unstable
angina. Psychiatric/psychological assessment was also performed
within 4 days after onset. Concomitant stroke was an exclusion crite-
rion. The remaining exclusion criteria for coronary patients were the
same as for stroke patients.

Methods

Stroke patients were examined whenever possible on the 1t day in the
stroke unit by a trained psychologist. A psychiatrist further observed
the same patient if a psychiatric disorder was presumed. Previous de-
mentia/cognitive decline and mood disorder, and the acute neu-
ropsychiatric disturbances were assessed during a semistructured in-
terview. The psychologist rated the presence and the severity of the
symptoms of delirium according to the Delirium Rating Scale (DRS)
[8]. The DRSis a 10-item observational scale that rates “Temporal On-

set of Symptoms” (item 1), “Perceptual Disturbances” (item 2), “Hal-
lucinations” (item 3),“Delusions” (item 4), “Psychomotor Behaviour”
(item 5),“Cognitive Status During Formal Testing” (item 6), “Physical
Disorder” (item 7),“Sleep-wake Cycle Disturbance” (item 8), “Lability
of Mood” (item 9) and “Variability of Symptoms” (item 10). Patients
were diagnosed as having delirium if they scored 210 [4] on the DRS
and fulfilled the Diagnostic and Statistical Manual of Mental Disor-
ders - Fourth Edition, Text Reviewed (DSM-1V) [1] criteria for delir-
ium. Scoring items 2,3 and 4 of DRS may require verbal responses and
an awake patient. Therefore, patients who had a severe communica-
tion disturbance, defined as a score =2 in the Neurological Institute
Health Stroke Scale (NIHSS) item “Best Language” or “Dysarthria”,
and patients with a GCS score between 5 and 9, were scored zero on
these items, unless perceptual disturbance, hallucinations or delu-
sions were reported. The hyperactive variant of delirium was consid-
ered if the patient showed “mild restlessness” or “moderate or severe
agitation” on item 5 of DRS. The hypoactive variant was diagnosed if
on the same item of the DRS he had “a significant withdrawal from the
environment”.

The following pre-stroke predisposing conditions for delirium [4,
6,7, 9] were considered: 1) dementia/cognitive decline, defined as a
previous medical diagnosis of dementia or of mild cognitive impair-
ment and a history of memory and another cognitive impairment
with functional impairment in daily living activities, confirmed by a
proxy, 2) alcohol abuse, defined as at least 5 drinks daily, 3) diabetes
mellitus, 4) previous mood disorder [10]. Previous mood disorder
was diagnosed if the patient had at least once in his lifetime been
treated for a mood disorder, has been either prescribed specific med-
ication for these conditions, or used it for more than a month. Thir-
teen patients were not assessable for previous mood disorder. Med-
ical complications were recorded daily, from admission to the day of
interview. They were defined following the methodology of a previ-
ous work [11]. Laboratorial values outside the normal range were
used as the criteria for electrolyte and other metabolic complications.
The cut-off values for uraemia, hyperglycaemia and hypoglycaemia
were 35.7,16.6 and 2.8 mmol/L respectively [4].

We assessed functional outcome at discharge with the Modified
Rankin Scale [12, 13]. An unfavourable outcome was defined as a
modified Rankin grade >3 (death or dependency).

Stroke type (subarachnoid haemorrhage (SAH), intracerebral
haemorrhage (ICH) and cerebral infarct (INF)) and location [14]
were defined based on clinical data and on acute CT/MRI and on a re-
peated CT if performed. If CT/MRI failed to show an acute lesion, or
showed only a silent lesion or an old symptomatic lesion,location was
derived from clinical data and grouped as: 1) brainstem/cerebellum,
hemispheric or both and 2) left or right hemispheric or both (Fig. 1).

The presence and severity of delirium in the control group was as-
sessed as previously described for stroke patients, using the DRS and
the DSM-IV criteria for delirium.

Statistics

Data were analysed in the SPSS version 10. Chi-square (2) (Yates cor-
rection when necessary) or Fisher’s exact test, odds ratios (OR) and
95% confidence interval (95 % CI) were used to test bivariate associ-
ations between the presence of delirium and its type (hypoactive or
hyperactive), age (<65 or >65 years), gender and educational level
(0-9 or 210 years of school, according with the minimal number of
mandatory years of schooling in Portugal), clinical symptoms and
signs (neglect, aphasia, hemiparesis), predisposing and precipitating
conditions (previous stroke, dementia/cognitive decline, previous
mood disorder, alcohol abuse, diabetes, medical complications) for
delirium, type (INE, ICH, SAH) and location of stroke (brainstem-
cerebellum or hemispheric; hemispheric, left or right; hemispheric,
deep or superficial; superficial, anterior or posterior; deep, lacune,
striatocapsular or thalamic infarcts) and modified Rankin grade at
discharge (0-2 or >3). The Mann-Whitney test (U) was used to mea-
sure differences in DRS scores between two conditions of a categori-



cal variable. For multivariate analysis we used backward stepwise lo-
gistic regression, entering all the variables with a p <0.15 on bivariate
analysis.

A p-value <0.05 was considered statistically significant.

Results

Presence and severity of delirium in stroke patients
(Table 1) and controls

From 231 consecutive acute admitted stroke patients,
220 complied with the study inclusion and exclusion cri-
teria. In two cases, the assessment could not be com-
pleted. Included and excluded patients had similar age
(=65 years: 31 %/15%; 95% CI=-12% to 2 %; y>=1.45,
p=0.23,t=1.49, p=0.14) and gender (Male: 60 %/39 %;
95% CI=-9 to 4%; x>=2.26, p=0.13). We studied 218
patients, with a mean age of 57.3years (SD =13, range 24
to 86) and a median of 4 years of education (22% >10
years of school). Thirty-three exhibited a moderate/se-
vere communication disturbance on NIHSS and 12 had
a GCS between 5 and 9. The distribution by stroke type
and location is depicted in Fig. 1. The median of the DRS
of the whole stroke sample was 4 (mean DRS score =4.9,
SD =4.0). The frequency of predisposing and precipitat-
ing conditions for delirium is shown in Table 1. Forty-
seven patients (22 %) had a medical complication dur-
ing their first days of hospitalisation, predominantly
infections (n=26).

Twenty-nine (13.3 %) of the stroke patients had delir-
ium with a DRS mean score of 13.2 (SD =2.3,range 10 to
19) (Table 2).

We assessed delirium in 50 acute coronary patients.
Thirty-eight (76 %) were men and 12 were women with
a mean age of 59.1 years (60 % were less than 65 years
old) and a median of 4 years of education (35% =10
years of school). Six (12 %) patients had medical com-
plications. Thirteen (26 %) patients had previous mood
disorder, 4 (8 %) patients had a history of dementia/cog-
nitive decline, 6 (12 %) had alcohol abuse and 14 (28 %)
had diabetes.

Only one acute coronary patient had delirium (DRS
score=14). Delirium was more frequent (y?>=5.23,
p=0.02; OR=7.5 95% CI=56.6 to 1) and severe
(U=4084, p=0.005, mean DRS difference=1.76, 95%
CI=2.6 to 0.89) in stroke than in acute coronary pa-
tients.

Some of the baseline variables were not similarly dis-
tributed in stroke and in coronary patients. Acute coro-
nary patients were more often males (2= 4.65,p =0.03),
had a higher educational level (t=2.06, p=0.04) and a
lower frequency of alcohol abuse (}2=12.10, p=0.001)
than stroke patients. There was no difference in the pro-
portions of patients with medical complications be-
tween the two groups (¥2=2.05,p =0.15). We performed
a backward stepwise logistic regression with: delirium
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as the dependent variable and stroke/coronary, medical
complications, dementia/cognitive decline, age (<65 or
=65 years), alcohol abuse, diabetes and educational level
(0-9 or 210 years of school) as predictors. The best re-
gression logistic model retained medical complications
(OR=5.3;95% CI=2.3 to 12.0), stroke (OR=5.6; 95%
CI=0.7 to 43.5) and low education (OR =3.5;95% =0.8
to 15.7) as explanatory variables for delirium (Nagel-
kerke RZ2=0.20).

Delirium in stroke patients: influence of stroke type,
location, predisposing and precipitant conditions

Delirium was most frequent and severe after intracere-
bral haemorrhage and in patients with hemispheric
strokes. Increasing age, GCS <9 points and neglect were
also associated with a higher frequency and severity of
Delirium. DRS mean score was higher in patients with
lower education, with previous dementia/cognitive de-
cline, with aphasia and with hemiparesis (Table 1).
Delirium was most frequent and DRS scores were higher
in patients with medical complications. Overall in nine
patients delirium was secondary to stroke without any
additional cause, in 10 patients there were also medical
complications and in the remaining 10 there were mul-
tiple potential causes for delirium (stroke; medical com-
plications, diabetes, alcohol abuse and previous cogni-
tive impairment) (Table 2).

Delirium was more frequent after right (16 %) than
left hemispherical (8 %) infarcts, but the difference of
proportions (8 %j; 95% CI=-5% to 23 %) did not reach
the significance level (Fig.1, Table 1). Only one patient
with a lacunar infarct developed delirium (Table 2: pa-
tient n°® 21). The most common lesions in delirious pa-
tients were deep haematomas and large right middle
cerebral artery (MCA) infarcts. A few patients had le-
sions located in other sites (caudate, thalamus) and ter-
ritories (posterior cerebral artery - PCA). Table 3 shows
that although lesions in such anatomical sites were as-
sociated with increased odds of delirium, there were
many “negative” cases (i. e. cases with similar site dam-
age and no delirium) and the confidence intervals were
wide, owing to the small number of subjects with lesions
in each location.

Backward stepwise logistic regression analysis was
performed entering all variables with p <0.15 on bivari-
ate analysis (Table 1). The final model (Nagelkerke
R2=0.26) retained medical complications (OR=4.3;
95% CI=1.8 to 10.2), neglect (OR=3.5;95% CI=1.3 to
9.2), intracerebral haemorrhage (OR=3.1;95% CI=1.3
to 7.5) and age 265 (OR=2.4;95% CI=1.0to 5.8) as in-
dependent risk factors for delirium. This model had a
50 % sensitivity value and a 97 % specificity.
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218 included
stroke patients

No acute lesion Lesion in
or "Silent" lesion accordance with
or "Old" Lesion clinical data
n=68 n=150
I
[ I 1
Cerebellum Subarachnoid Cerebral Intracerebral
Brainstem Haemorrhage Infarct Haemorrhage
33 28 74 48
|
Hemispherical
35(2) Perimesencephalic Cerebellum
2 Brainstem Cerebellum Intraventricular
B B 13 (2) || Brainstem Haemorrhage
5 3
10 Right
25 (2) Left No aneurysm Cerebellum
16 (1) | Brainstem+ Cerebellum
Hemispherical | Brainstem+
1 Hemispherical
1
Aneurysm Hemispherical - -
|_| 2 Pcoma, 6 (1) AComA | | | 60 (9) Hemispherical
1 MCA, 1 (1) ACA L 39 (13)
33 (7) Right | -
26 (2) Left 20 (6) Right
2 Bilateral 20 (7) Left
‘ 34 (6) Superficial ‘ ‘ 27 (3) Deep ‘
‘ 14 (5) Superfidial ‘ ‘ 26 (8) Deep ‘
20 (4) Anterior 10 (1) Lacunar
W Infarct 4 (2) Anterior 15 (6) Striato
Capsular
14 (2) Posterior | | | 18 (2) Striato
Capsular 10 (3) Posterior 12 (2)
Thalamus
4
Thalamus

Fig.1 Clinical and CT/MR features
(n) Number of delirious patients

Table3 Focal forms of delirium

n Delirium OR 95% Cl
MCA right infarct 16 4 24 0.7t07.9
PCA infarct 7 2 2.7 0.5t014.8
Caudate infarct 2 1 6.7 0.4t0110.4
Thalamic haemorrhage 12 2 13 0.3t06.4

Delirium profile (Fig. 2) and hyper/hypoactive
subtypes (Tables 1 and 2)

A consistent profile on the individual items of the DRS
was found in the 29 delirious patients. DRS items “Cog-
nitive Status”, “Psychomotor Behaviour”, “Sleep-wake
Cycle Disturbance” and “Variability of Symptoms” were
frequently disturbed, while “Liability of Mood”, “Per-
ceptual Disturbances”, “Hallucinations” and “Delu-
sions” were infrequently scored. High scores on items
“Temporal Onset of Symptoms”and “Physical Disorder”
were related to the acute onset of delirium and its rela-
tion with a physical disorder.
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Fig.2 Distribution of scores (in %) in each item of DRS, for delirious patients
(N =29) (DRS /tem 1: Temporal Onset of Symptoms; /tem 2: Perceptual Disturb-
ances; ftem 3: Hallucinations; /tem 4: Delusions; ltem 5: Psychomotor Behaviour;
Item 6: Cognitive Status During Formal Testing; /tem 7: Physical Disorder; /tem 8:
Sleep-wake Cycle Disturbance; /tem 9: Lability of Mood; /tem 10: Variability of
Symptoms. Each item can be scored 0 to 2, 3 or 4. DRS score can range 1to 32)

Of the 29 delirious patients, 15 (52 %) were hypoac-
tive, while 14 (48 %) were hyperactive. Delirium was hy-
peractive in all the 3 delirious SAH patients. No other as-
sociations between delirium type and stroke location
and characteristics were found.

Delirium and stroke outcome

134 (61%) acute stroke patients were independent at
discharge (modified Rankin grade =0-2) and 84 (39 %)
were dependent or died (modified Rankin grade =3-6).
The presence of delirium was associated with an in-
creased risk of unfavourable outcome (¥%=19.47,
p=0.0001,0R =6.44,95 % CI: 2.61 to 15.88),as 76 % (22)
of the delirious patients and only 33 % (62) of the non-
delirious patients had an unfavourable outcome.

Discussion

In the present study 13 % of stroke patients had delirium
contrasting with only 2 % of acute coronary patients, in-
dicating that delirium could be a consequence of hemi-
spheric brain damage and not a non-specific conse-
quence of acute disease and hospitalisation. Among
stroke patients delirium was associated with intracere-
bral haemorrhages, older age, neglect and medical com-
plications. Delirium had a negative influence on the out-
come.

This study included some innovative features, such as
the comparison of stroke patients with an acute non-en-
cephalic vascular control group and the assessment of
all consecutive stroke patients. In order to decrease se-
lection bias that could lead to an underestimation of the
frequency of delirium, we enrolled aphasic patients and
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those who were not fully alert. In fact, delirium was more
severe in aphasic and non-fully alert patients. Assess-
ment was performed as soon as possible, decreasing the
confounding effect of medical complications.

The main limitations of our study are 1) lack of a for-
mal prestroke cognitive assessment, 2) lack of a system-
atic repeated CT or MR in all patients, 3) no systematic
analysis of the possible role of previous and current
medication [15], 4) admission bias towards young and
middle age stroke patients, and 5) a high percentage of
haemorrhagic stroke. The results of this study might
only be generalised to a middle age stroke population
with a comparable prevalence of haemorrhages.

The presence of delirium is lower in this study than
in those previously reported in literature (15 % to 48 %)
[4-7]. Differences between studies may be due either to
the use of different criteria and assessment instruments
for delirium, or to differences in case mix, in the mean
age of the samples and in the prevalence of previous de-
mentia/cognitive decline. In two prior studies [6, 7], in-
struments other than DRS were used. Increasing age is a
predisposing condition for delirium and younger pa-
tients are also less likely to suffer from prestroke cogni-
tive impairment or dementia. The age-related loss of
cholinergic reserve and the focal loss of acetylcholine in
the nucleus basal of Meynert may be the reasons why
delirium is more common in older individuals and
in patients with dementia [16]. Hénon etal. [4] and
Gustafson etal. [6] identified pre-existing cognitive de-
cline as an important predisposing factor for acute con-
fusional state. Respectively, 11.6% and 81.6% of their
delirious patients had previous cognitive decline [4, 6],
while we found only 7 %. It is possible that if we had as-
sessed pre stroke cognitive status with a specific instru-
ment [4],we could have detected a few more cases of pre-
stroke cognitive impairment. It is possible that our study
underestimates the prevalence of delirium, because of
the younger mean age and lower frequency of dementia
in its sample.

Our study disclosed that delirium was more frequent
after haemorrhagic and hemispherical strokes. The
number of patients with lesions on each specific site was
small, decreasing statistical power and limiting the abil-
ity to confirm the reported relations between delirium
and strokes involving the caudate, thalamus, right MCA
territory and PCA infarcts [5,9,17-19]. Less than a third
of stroke patients with right MCA or PCA infarcts de-
veloped delirium, indicating either individual suscepti-
bility, subtle anatomical differences between infarcts, or
the need for additional predisposing/precipitant condi-
tions to unchain delirium.

Left hemineglect was significantly associated with
delirium. The right hemisphere is dominant for sus-
tained attention [20]. In neglect there is both a defect of
alerting, of non-lateralized non-spacial sustained atten-
tion and of lateralized spatial attention [21]. Such ne-
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glect-related attention deficit probably plays an impor-
tant role in delirium, since the inability to focus, sustain
and shift attention is a key feature of delirium.

All previous systematic studies of delirium in stroke
exclude SAH. We detected delirium in 11 % of SAH pa-
tients. Based on a review of medical records, Reijneveld
etal. [22] found acute confusional state as a presenting
feature in 1.4 % of aneurysmal SAH. Global ischaemia at
onset due to sudden increase in intracranial pressure,
hydrocephalus and intracerebral haematoma are likely
mechanisms contributing to delirium in acute SAH.
Reijneveld etal. [22] related delirium to initial global
ischaemia, although the majority of their patients
had hydrocephalus, intraventricular haemorrhages or
frontal haematoma. One of our cases also had an intra-
hemispheric basofrontal haematoma. The cingulum,
frontal projections from the thalamus, the septal area
and the Meynert nucleus are likely to be damaged by ba-
sofrontal haematomas. Both in our and Reijneveld et al’s

series [22] delirious SAH patients were hyperactive. Or-
bitofrontal and mesial temporal lobe dysfunction may
account for the hyperactivity.

Delirium in acute stroke can be caused by a medical
complication of stroke, by substance intoxication or
withdrawal, by the stroke itself or by multiple causes. Al-
cohol withdrawal was not a frequent cause of delirium
in our study. Our results confirmed that stroke and its
medical complications, mostly infections, are the most
common precipitants of delirium [4, 6].

Delirium is a frequent complication of acute stroke
and is associated with poor outcome. This justifies a sys-
tematic approach to its detection, prevention, pharma-
cological and non-pharmacological management [23,
24].
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