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 Dementia
 An insidious neurodegenerative condition, is
characterized by chronic and progressive cognitive
decline from a previous level of performance in one
or more cognitive domains that interferes with
independence in everyday activities.

Introduction

 Delirium
 A syndrome manifesting as an acute change in
mental status that is characterized by inattention
and disturbance in cognition that develops over a
short period of time with a fluctuating course of
symptoms.
 As many as 50% of people older than 65 years
 Preventable in about 30–40% of cases

 Two of the most common causes of cognitive
impairment in older populations
 Interrelation remains poorly understood
 Dementia is the leading risk factor for delirium

Introduction

 Delirium is an independent risk factor for
subsequent development of dementia
 Delirium
 a marker of vulnerability to dementia
 precipitating factors
 itself can cause permanent neuronal damage

Distinguishing
delirium from
dementia

 Dementia and delirium - distinct and mutually
exclusive conditions (DSM-V)
 Distinguishing between the two diagnoses in the
clinical setting can be difficult
 Persistent delirium and reversible dementia
 Delirium symptoms can persist for months or even
years

Evidence linking
delirium and
dementia

 Epidemiological evidence

Evidence linking
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 Clinicopathological evidence

 Neuroimaging evidence
 Biomarker evidence
 Animal models and neuronal tissue culture

 Several mechanisms hypothesized to explain how
delirium might contribute to permanent neuronal
damage
 Permanent neuronal damage

Evidence linking
delirium and
dementia

 Neurotoxicity (eg, drugs, anaesthesia, endotoxins),
inflammation, chronic stress, neuronal damage (eg,
prolonged ischaemia, hypoglycaemia, shock, sepsis),
acceleration of dementia pathology (eg, amyloid β
[Aβ] and tau pathology), and diminished cognitive
reserve

 Metabolic derangements or particular drugs (eg,
anticholinergics)
 Alterations in neurotransmitter concentrations (eg,
acetylcholine deficiency, dopamine excess)

 Hypoxia or cerebral ischemia
 Impaired cerebral blood flow and metabolism

 Anaesthetics
 directly facilitate acceleration of Aβ accumulation,
leading to apoptosis and cholinergic dysfunction,
which in turn could further accelerate or initiate Aβ
pathology.

Evidence linking
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 Infections or response to a stressor (eg, surgery or
acute illness)
 cause neuronal dysfunction through activation of
inflammatory mechanisms

 Indirectly through altered neurotransmission,
apoptosis, activation of microglia and astrocytes
 Production of free radicals, complement factors,
glutamate, and nitric oxide

 Epidemiological evidence
 Dementia with delirium ranged from 9% to 44%
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 Baseline cognitive impairment or dementia is an
important independent risk factor for delirium
 Increasing delirium risk by 2~5 times

 Delirium was consistently associated with a
significantly increased risk of both long-term
cognitive decline (ie, substantial declines on
cognitive testing) and dementia (odds ratios 6–41)

 A meta-analysis involving two studies with a total
of 241 patients
 Delirium was associated with an increased rate of
incident dementia
 Even after controlling for relevant confounders
(adjusted relative risk 5·7, 95% CI 1·3–24·0).

Evidence linking
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dementia

 In another study of 225 patients who had
undergone cardiac surgery,
 Delirium resulted in a punctuated decline in
cognitive function, followed by recovery over 6–12
months in most patients
 A substantial proportion, particularly those patients
with prolonged delirium, never returned to baseline

 In a study of 821 ICU patients
 A longer duration of delirium was independently
associated with significantly worse global cognition
and worse executive function scores on the basis of
a neuropsychological battery at 3-month and 12month follow-up

 Clinicopathological evidence (Vantaa 85+)
 The effect of delirium (determined retrospectively)
on cognitive and functional outcomes
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 In this cohort of 553 individuals aged 85 years or
older, delirium increased the risk of incident
dementia (odds ratio 8·7, 95% CI 2·1–35·0)
 Delirium was associated with increased dementia
severity, new functional deficits, and accelerated
decline in cognitive scores

 Acceleration of cognitive decline following delirium
might result from an alternative mechanism
leading to neuronal damage
 In the absence of a delirium history
 neurofibrillary tau, amyloid burden, apolipoprotein E
(APOE) ε4 variant, vascular lesions, and Lewy body
pathology were strongest

 Which delirium was also part of the history
 no associations

 Neuroimaging evidence
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 Two studies on 47 ICU survivors used volumetric
analysis and DTI at hospital discharge and 3-month
follow-up
 In the volumetric analysis
 Longer duration of delirium was significantly
associated with greater brain atrophy
(at hospital discharge and at 3-month follow-up)
 Duration of delirium associated with white matter
disruption
(both at hospital discharge and at 3-month follow-up)

 Biomarker evidence
 In a pilot study of patients who were critically ill
owing to infection
 Infection
 Proinflammatory cytokine interleukin 8 was
associated with delirium

 Non-infected
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 antiinflammatory cytokine interleukin 10 was
associated with delirium

 Other studies have shown cytokines such as insulinlike growth factor (IGF)-1, interleukin 1β, and
interleukin 1 receptor antagonist to be associated
with delirium
 Interferon γ and low concentrations of IGF-1 was
associated with delirium severity
 S100B, a marker of astrocyte damage
 High concentrations in both the plasma and the CSF
of patients with delirium

 Direct result vs Indirect association
 In a cohort of 76 individuals admitted to hospital for
emergency hip fractures
 Concentrations of Aβ1–42, tau, and phosphorylated tau in
CSF -> not associated with delirium status
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 In a more recent study of 557 non-demented patients aged
70 years or older undergoing major non-cardiac surgery
 APOE ε4 and APOE ε2 carrier status -> not associated with
postoperative delirium
 No associations between APOE genotype and delirium
severity or the number of delirium episodes

 Postoperative delirium might arise through
pathophysiological pathways that are distinct from those
in Alzheimer’s disease

 Direct result vs indirect association
 In a study of 153 older adults aged 64–80 years (mean 71
years [SD 5]) undergoing elective total hip or knee
replacement
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 Preoperative CSF Aβ1–40:tau and Aβ1–42 :tau ratios in the
lowest quartile versus all other quartiles

 Significantly higher incidence of delirium
(32% vs 17%, p=0·05 for both comparisons)

 Suggest a role for Aβ and tau in the neuropathogenesis of
postoperative delirium
 Delirium could represent the first sign of a (subclinical)
dementia process in some cases

 Animal models and neuronal tissue culture
 Dementia induced either by neurodegeneration
associated with prion infection,or through selective
and partial lesioning of the cholinergic
projections of the basal forebrain
 Exposed to an inflammatory challenge to simulate
bacterial infection (eg, using lipopolysaccharide
[LPS]) or viral infection (eg, using
polyinosinic:polycytidylic)
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 In these models, acute peripheral inflammation
induced by LPS or poly(I:C)
 Leads to acute deficits in cognition and motor
function (analogous to delirium)

 Other studies using a single dose of LPS to induce
sepsis
 Inflammation via inducible NOS
 Contributes to neuronal death, microglial activation,
decreased regional blood flow, and loss of
cholinergic activation, with persistent cognitive
deficits in attention, executive function, and working
memory

Conclusions
and future
directions

 Delirium is likely to interface with dementia on
many levels





Marker of vulnerability of the brain
Unmasks unrecognized dementia
Mediates the effects of noxious insults
Itself leads to permanent neuronal damage and
dementia

 Refinement of distinct diagnostic criteria
 Demarcation of the overlap syndrome will be
crucial

Conclusions
and future
directions

 Dose–response relation of dementia with delirium
severity and duration
 Strengthen causal inference

 The frequency and acuity of delirium and its
associated serious adverse outcomes make it a
highly promising area for investigation

 The presence of delirium could help to identify

Conclusions
and future
directions

 Genetic predisposition
 Diminished cognitive reserve
 Unrecognized dementia

 Understanding of the pathogenesis of delirium
 Crucial to identify modifiable or preventable factors
 That lead directly to neuronal injury and thus
permanent cognitive sequelae

 Prevention of delirium
 Delay or alter both the typical cognitive ageing
process and dementia.
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