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Intensive Care Unit (ICU) delirium  Emergency Department (ED)  delirium  



ED Delirium 



ICU Delirium 

ÅEpidemiologia 

ÅPatogenesi  

ÅDiagnosi 

ÅTrattamento e prevenzione 

ÅOutcomes 



ÅUp to 80% ICU ventilated patients develop 

delirium  

ÅBetween 20-50% of lower severity ICU 

patients develop delirium 

Ely EW, ICM, 2001;27:1892-1900 

Ely EW, JAMA, 2001;286,2703-2710 

Pandharipande P, J Trauma, 2008;65:34-41 

Ely EW, CCM, 2001;29:1370-1379 

Pandharipande P, ICM, 2007;33:1726-1731 

Lat I, CCM, 2009;37:1898-1905 

Roberts B, Aust Crit Care, 2005;18:6,8-9 

Thomason J, Crit Care, 2005;9:375-381 

Ely EW, CCM, 2004;32:106-112 

Peterson, JAGS, 2006;54:479-484 

Ouimet S, ICM, 2007;33:66-73 

Spronk P, Neth J Med, 2009;67:296-300 

Slooter A, CCM, 2009;3:1881-1885 

Prevalence: ICU Delirium 



Outcomes: ICU Delirium 

Å$15k to $25k higher hospital costs 

ÅLonger hospital stays 

Å3 times higher risk of death by 6 months 

Å10% higher risk of death by 1 year per day 

of delirium 

ÅProlonged neuropsychological 

dysfunction 
Milbrandt E, et al. CCM. 2004;32:955-62 

Ely EW, et al. JAMA. 2004;291:1753-62 

Ouimet S, et al.  ICM. 2007;33:66-73 

Lin, et al. CCM. 2004;32:2254-59 

Pisani M, et al. AJRCC. 2009; 180:1092-7 

Girard T.D., et al. CCM. 2010;182:183-91  



Girard TD, et al. CCM;38:1513-20 
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ICU Delirium and Cognitive Performance 



ICU Delirium 

ÅEpidemiologia 

ÅPatogenesi  

ÅDiagnosi 

ÅOutcomes 





The BRAIN ICU Project  

- Overview -  

Time 

Delirium Duration
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Long Term Cognitive 

Impairment (LTCI) Battery

Health-Related Quality 

of Life (HRQL) Battery

Patient enrollment 12-month follow-up
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Health-Related Quality 
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Pathogenesis of Delirium: Different 

Hypotheses and Mechanisms 

 

Å Neuroinflammation 

Å Neurotransmitters-Amino Acid perturbation 

Å Limbic-hypothalamic-pituitary-adrenal axis 

Å Reduced cerebral perfusion and metabolism 

Å Direct exposures to sedatives and analgesics 

Cerejeira J, Acta Neuropathol 2010;119:737-54 

Van Gool WA, Lancet 2010;375:773-5 
Simmone MJ, CNS Neurosc Ther 2010 Epub   

Trzepacz PT,  Psychos 1994; 35:374-391 

Inouye SK, J Geront A Biol Sci Med Sci 2006; 61:1277-80  
Maldonado JR, Critical Care Clin 2008;24:789-756 
MacLullich AM, J Psychosom Res. 2008;65:229-38 
Gunther ML, Morandi A, et al. Crit Care Clin 2008;24: 45-65 



Neuroinflammation and Delirium 

Cerejeira J, Acta Neuropahol 2010;119:737-54 

 



Association of inflammation 

with the cholinergic pathway 

Hshieh T et al. J Gerontol A Biol Sci Med Sci. 2008; 63(7): 764ï772 



Delirium 

Activated microglia 

Cholinergic Inhibition of 
microglial activation 

Systemic 
infection 

¢bCʰ ¢bCʰ 

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

Cytokines, Acetylcholine, & Delirium 



Dementia Severe, prolonged delirium 

Overactivated microglia 

Primed microglia 
Neurodegeneration 

Reduced cholinergic 
Inhibition of microglia 

¢bCʰ 

Old age, incipient neurodegenerative disease, or 
anticholinergics 

Systemic 
infection 

¢bCʰ ¢bCʰ 

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

Cytokines, Acetylcholine, & Delirium 



Association of dopamine, norepinephrine, and 

serotonin with the cholinergic pathway 

Hshieh T et al. J Gerontol A Biol Sci Med Sci. 2008; 63(7): 764ï772. 



Neurotransmitters and Amino Acids 

Precursors 

Phenylalanine 

Tyrosine 

Dopamine 

Norepinephrine 

Epinephrine 

Tryptophan 

Serotonin 

Melatonin 



The Monoamine axis Hypothesis 

ÅSerotonin, dopamine and norepinephrine may 

play an important role in the pathogenesis of 

delirium 

ÅBioavailability of amino acid precursors 

influence neurotransmitter synthesis by 

competing with the LAT-1 transporter in the 

blood brain barrier 

ï Tryptophan Ÿ Serotonin 

ï Tyrosine, Phenylalanine Ÿ 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 (1) 



ÅHypothesis: association of Trp, Tyr, and 

Phe/LNAA ratios with transitioning to delirium in 

mechanically ventilated ICU patients 

Pandharipande P, Morandi A et al., ICM 2009;35:1886-1892 

Plasma Trp and Tyr levels: Risk Factors for 

Delirium 



Pandharipande P, Morandi A et al., ICM 2009;35:1886-1892 

Phenylalanine 

Tyrosine 

Dopamine 

Norepinephrine 

Epinephrine 

Plasma Tyr/LNAA Ratio and Risk of Delirium 



Tryptophan 

Serotonin 

Melatonin 

Pandharipande P, Morandi A et al., ICM 2009;35:1886-1892 

Plasma Trp/LNAA Ratio and Risk of Delirium 



Pandharipande P, Morandi A et al., ICM 2009;35:1886-1892 

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) 

Amino acids and Delirium (2) 

10-15% 



 

 

Tryptophan Metabolites and Acute Brain 

Dysfunction in ICU Patients 

 

 ÅHypothesis: to determine if KYN levels 

and/or KYN/TRP ratio (KYN pathway 

activity) were associated with duration 

of acute brain dysfunction 

(delirium/coma-free days, DCFDs) 

Adams J.R, Morandi A , et al In Press CCM 2011  



KYN Levels and Probability of DCFDs 

Adams J.R, Morandi A , et al In Press CCM 2011  



KYN/TRP Ratio and Probability of 

DCFDs 

Adams J.R, Morandi A , et al In Press CCM 2011  



Pathogenesis of Delirium: Different 

Hypotheses and Mechanisms 

 

Å Neuroinflammation and neuroprotection 

Å Neurotransmitters-Amino Acid perturbation 

Å Limbic-hypothalamic-pituitary-adrenal axis 

Å Reduced cerebral perfusion and metabolism 

Å Direct exposures to sedatives and analgesics 

Cerejeira J, Acta Neuropathol 2010;119:737-54 

Van Gool WA, Lancet 2010;375:773-5 
Simmone MJ, CNS Neurosc Ther 2010 Epub   

Trzepacz PT,  Psychos 1994; 35:374-391 

Inouye SK, J Geront A Biol Sci Med Sci 2006; 61:1277-80  
Maldonado JR, Critical Care Clin 2008;24:789-756 
MacLullich AM, J Psychosom Res. 2008;65:229-38 
Gunther ML, Morandi A, et al. Crit Care Clin 2008;24: 45-65 



Neuroprotection 

Hypotheses  

Innate 
neuroprotection 

IGF-1 

Pharmacological 

neuroprotection 

Statins 



ÅNeuroprotective actions: cortical, 

hippocampal, and dopaminergic 

neurons 

ÅIGF-1 blocks apoptosis, promotes neural 

plasticity, neurogenesis 

ÅLow IGF-1 may increase neurons 

vulnerability and increase delirium 

Adamis D, et al. 2011 J Aging Res; Epub 2011 Jul 3 

 

Insuline Like Growth Factor-1: Neuroprotective 

ñcytokineò  

 



ÅLow levels of IGF1 were associated with 

incident and prevalent delirium in elderly 

non critically ill medical patients 

ÅNo association between IGF-1 levels and 

post-operative delirium  

 

Wilson K, et al. 2005 Int J Ger Psychiatry;20:154-159 

Adamis D, et al.2007 Int J Geriatr Psychiatry;22:688-694 

Adamis D, et al. 2009 Age Ageing;38:326-332 

Adamis D, et al. 2011 J Aging Res; Epub 2011 Jul 3 

Lemstra AW, et al. 2008 Int J Ger Psych; 23:943-948  

 

IGF-1: Neuroprotective ñcytokineò  

 



 

Serum IGF-1 and Acute Brain Dysfunction in 

the ICU 

 

ÅHypothesis: Low levels of IGF-1 early 

during critical illness are associated 

with delirium risk and duration of brain 

dysfunction (delirium/coma-free days 

DCFDs) 

Morandi A , et al. Int Psychogeriatr, 2011;23:1175-81  



IGF-1 and Risk of Delirium 

p=0.9 

Morandi A , et al. Int Psychogeriatr, 2011;23:1175-81  



IGF-1 and Duration of Acute 

Brain Dysfunction 

p=0.17 

Morandi A , et al. Int Psychogeriatr, 2011;23:1175-81  



Statine e Delirium 



Å Neuroinflammation (sepsis) 

Å Neurotransmitters 

Å Aminoacid perturbation 

Å Multifactorial 

Maldonado JR, Critical Care Clin 2008;24:789-756 

Cerejeira J, Acta Neuropahol 2010;March 24 

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

Angus DC, Crit Care Med 2001;29:1303-10 

Pandharipande P, Int Care Med. 2009;35:1886-92 

Severe sepsis incidence is as high as 750,000 cases a 

year of whom 383,000 (51%) are admitted to the ICU 

Pathogenesis of Delirium 



Statins and Prevention of 

Sepsis/Infectious Complications 

Tleyjeh I.M, Arch Int Med 2009;169:1658-1667 



Morandi A et al, Chest 2011;140:580-585 



The systemic inflammatory 

cascade and delirium  

Morandi A et al, Chest 2011;140:580-585 



Statin effect on inflammation and 

delirium 

Morandi A et al, Chest 2011;140:580-585 


