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Focus

• Prevalent pathophysiological models
• Broad overview
• Focused on a critically ill population
• Supportive or circumstantial evidence 

through human research



Objectives: Mechanisms of Delirium
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1
Neurotransmitter Imbalances

• Monoamine Hypothesis (DA, Serotonin, NE)
• Cholinergic Hypothesis



The Monoamine Axis Hypothesis

• Serotonin, dopamine and norepinephrine may play 
an important role in the pathogenesis of delirium

• Bioavailability of amino acid precursors influence 
neurotransmitter synthesis by competing with the 
LAT-1 transporter in the blood brain barrier

– Tryptophan → Serotonin
– Tyrosine, Phenylalanine → Dopamine and Norepinephrine

Pardridge, WM (1998). Neurochem Res 23:635-644.
Wurtman, RJ, et al. (1980) Pharmacol Rev 32:315-335. 



Amino Acids and Delirium



Tryptophan and Delirium

Tryptophan

Serotonin ↑Melatonin Somnolence

Negative 
feedback

Hypoactive 
Delirium

High levels of melatonin 
metabolites in urine

Lewis M, 2004 Medical Hypotheses;63;402-06

High

↑ N,N’-dimethylatryptamine Excitation
Hyperactive 
Delirium

Low levels of melatonin 
metabolites in urine

Alternative pathwayLow



Tryptophan metabolites and delirium
80-95%

Tryptophan

5-hydroxytryptophan

5-hydroxytryptamine (serotonin)

Melatonin

Sleep regulation and 
somnolence

Kynurenine

Kynurenine acid 3-hydroxykynurenine

3-hydroxyanthanilic acid

Quinolinic acid

Neurotoxic effects

Neuroprotective effects

Indoleamine-2-3 dioxygenase 
(IDO)

Adams JR, et al. Crit Care Med 2012;40:835-41
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Role of cholinergic transmission

• Arousal/attention: 
– Cholinergic reticulothalamic pathway

• Basal forebrain and PPT projections
– Sensory gating for selective attention
– Promotes fast, synchronized EEG activity

• Memory/cognition
– Working, spatial memory
– Executive function 

Trzepacz. Semin Clin Neuropsychiatry. 2000 (2):132-48



Overlap of neuroimaging lesions 
and cholinergic pathways

Hshieh T et al. J Gerontol A Biol Sci Med Sci. 2008; 63(7): 764–772.

Neuroimaging 
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Areas 
involved in 
Attention

Cholinergic 
projections



Clinical studies supporting 
cholinergic hypothesis



2
Neuronal Aging



Changes with Aging

• Diminishing physiologic reserve
• Changes in the proportion of stress‐regulating 

neurotransmitters
• Brain blood flow decline, decreased vascular 

density
• Neuron loss
• Decreased intracellular signal transduction systems





Gunther M et al. CCM
2012;40:2022-32.

The VISIONS MRI Studies



3
Systemic and Neuroinflammation



Delirium

Activated microglia

Cholinergic Inhibition of microglial 
activation

TNFα TNFα

Van Gool WA, et al. Lancet 2010;375:773-5

Cytokines, Acetylcholine, & Delirium/LTCI

Systemic insult
• Inflammation
• Endothelial 

activation



Dementia

Severe, prolonged delirium
Further inflammation

Overactivated microglia

Primed microglia Neurodegeneration

Reduced cholinergic
Inhibition of microglia

TNFα

Old age, incipient neurodegenerative disease, or anticholinergics

TNFα

Van Gool WA, et al. Lancet 2010;375:773-5

Inflammation and Delirium/LTCI

Systemic insult
• Inflammation
• Endothelial 

activation



Inflammatory markers and 
Delirium

• 1.TNF 
• 2. Interleukins (IL6, IL 8 etc)
• 3. Procalcitonin (PCT)
• 4. C-reactive protein (CRP)
• 5. Protein C
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Protein C (% control)
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4
Endothelial Dysfunction, Blood Brain 

Barrier and Neuronal Injury



Hughes et al. Anesthesiology 2013; 118:631-9



Anesthesiology 2013; 
118:631-9

• Adhesion 
molecules  (E-
Selectin)

• Coagulation 
molecules (PAI-1)

• Angiogenesis 
markers (Ang 1)

• Blood brain barrier 
injury (S100B)



Endothelial Dysfunction and Altered 
BBB Permeability/Neuronal Injury

Hughes CG et al. Anesthesiology. 2013; 
118: 631-9
Hughes CG et al. Crit Care Med. 2016; 
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Neuroendocrine hypothesis



Neuroendocrine Hypothesis

Vyas et al. Neural Plas 2016
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Oxidative Stress



Free Radical Biology and Medicine 103 (2017) 192–198

Partial mediation effect noted



7
Network Connectivity



Network Disconnectivity Hypothesis
• Brain is highly organized and interconnected
• Complex integration of sensory information and 

motor responses
• Delirium represents a failure in integration and 

processing and an acute breakdown in network 
connectivity

• Baseline network connectivity (age, cognition) and 
inhibitory tone determined by neurotransmitter 
availability

Maldonando J. Int J Geriatr Psychiatry 2017



• Delirium associated with a decrease in alpha power and 
increase in δ power

• Measured Phase Lag Index (PLI)- estimates synchronization or 
the average connectivity strength between EEG channels for a 
particular band

• Mean phase lag index was lower in the α  band (8 to 13 Hz) in 
patients with delirium 

• δ  Band–directed phase lag index was lower in anterior regions 
and higher in central regions in delirious patients indicating 
higher information flow toward anterior regions in the δ  band.



Morandi A M et al. CCM 2012;40:2182-9.

White Matter Integrity and Delirium

Anterior limb of the internal capsule

Reduced fractional anisotropy = white matter disruption



Morandi A M et al. CCM 2012;40:2182-9.

White Matter Integrity and Delirium

Genu of the corpus callosum

Reduced fractional anisotropy = white matter disruption



Delirium: Complex interplay of 
numerous mechanisms

Hshieh T et al. J Gerontol A Biol Sci Med Sci. 2008; 63(7): 764–772.



Questions?

Pratik.pandharipande@vanderbilt.edu
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