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Delirium

• Up to 20% in 500-bed general hospital 
(underdiagnosed)

• Extremely distressing acute episodes

• Costs billions in extended hospital stays

• Acceleration of dementia, new institutionalisation

• Risk factors & triggers: dementia and systemic 
inflammation

• Fundamental neuroscience level: hardly studied

Delirium is an acute and transient impairment of consciousness,

thinking, memory, psychomotor behaviour, perception and emotion
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Model system 1: ME7 (chronic neurodegeneration) +LPS

Acute, transient working memory deficit induced 

by systemic LPS (100µg/kg)

Murray et al., Neurobiology of Aging, 2012
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LPS induces IL-6 equally in 

normal animals and in those 

With neurodegenerative

Disease 

Only those with prior 

degeneration show acute 

cognitive deficits upon LPS.

Equivalent IL-6 responses, 

differential cognitive deficits

Model system 1: mild LPS superimposed on neurodegenerative disease

Blood                                  Brain
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Model system 1

Progressing disease increases risk, 
severity and duration

Griffin et al., J. Neurosci. 2013



Fluctuating course

DSM-IV

cognitive/attentional
acute onset,

fluctuating course, 
not better explained by dementia

Davis et al., AJGP (2015)
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Mice and men
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Model system 2: p75NTR-saporin lesion of basal 

forebrain

day 1                     day 10                                                                       day 35                day 40

ICV                           T-maze                                                                   LPS & T-maze             Perfusion  
SURGERY                  training                                                                   performance        

Recovery                     Train to > 80% performance



p75NTR-saporin targets basal forebrain cholinergic neurons

Field et al., 2012 Field et al., 2012 J Neurosci

PBS

0.08 µg/kg

0.4 µg/kg



Systemic LPS (100 µg/kg) induces acute working memory 

deficits only in animals with prior hypocholinergia

Field et al., J Neurosci 2012



1) T-maze performance is cholinergic dependent

2) Donepezil protects against LPS-induced deficits

Field et al., J Neurosci 2012

Reconciling inflammatory and cholinergic hypotheses:

Cholinergic vulnerability & inflammatory trigger
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Moving towards the tipping point

4 models 

& MMSE

Brain Frailty

Failure of frail brain to 

demonstrate resilience to 
acute insult



1) Systemic IL-1RA is protective

2) IL-1 is sufficient (LPS not necessary)

Griffin et al., J. Neurosci 2013



Human hip fracture patients & delirium

Cape et al., 2014

Increased CSF:serum ratio of IL-1
(same level of systemic IL-1, but increased brain IL-1)

Matched blood and CSF will help to address ‘microglial priming’ 

and other inflammatory hypotheses.

Sources of CSF cytokine/chemokine ? 



Argument for independent routes

Delirium

accelerates

Dementia

Systemic inflammation

accelerates dementia 

(delirium-independent)

Dementia pathology 

looks different if previous

episodes of delirium



Systemic LPS (500 µg/kg) induces  neuronal apoptosis

and accelerates decline

Cunningham et al., J. Neurosci 2005
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Poly I:C / TLR3 activation                (systemic TNF-a, IFN-, IL-6)

•

pI:C

pI:C

pI:C

Field et al., Brain, Behavior and Immunity, 2010

Neurological score

The injury remains after the delirium passes
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Summary

• Systemic inflammation induces mild reversible and adaptive 

effects in the normal healthy brain

• When superimposed on the frail (or prior cognitively impaired) 

brain, if can induce robust 9and reversible) cognitive dysfunction 

such as delirium and post-operative cognitive dysfunction

• These insults can also cause acute brain injury and significantly 

contirbute to cognitive decline (including acceleration of 

dementia)

• Intervening in, or preventing, the acute process may also offer 

significant benefits against the progression of dementia

• IL-1 and prostaglandins have significant roles in these acute 

events


