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ED Delirium
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|ICU Delirium

A Epidemiologia

A Patogenesi
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A Trattamento e prevenzione
A Outcomes



Prevalence: ICU Delirtium

A Up to 80% ICU ventilated patients develop
delirium

A Between 20-50% of lower severity ICU
patients develop delirium

Ely EW, ICM, 2001;27:1892-1900 Roberts B, Aust Crit Care, 2005;18:6,8-9
Ely EW, JAMA, 2001,;286,2703-2710 Thomason J, Crit Care, 2005;9:375-381
Pandharipande P, J Trauma, 2008;65:34-41 Ely EW, CCM, 2004;32:106-112

Ely EW, CCM, 2001;29:1370-1379 Peterson, JAGS, 2006;54:479-484
Pandharipande P, ICM, 2007;33:1726-1731 Ouimet S, ICM, 2007;33:66-73

Lat |, CCM, 2009;37:1898-1905 Spronk P, Neth J Med, 2009;67:296-300

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



Outcomes: ICU Delirium

A $15k to $25k higher hospital costs

A Longer hospital stays

A 3 times higher risk of death by 6 months

A 10% higher risk of death by 1 year per day
of delirium

A Prolonged 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



Cognitive Function at 12 Months

ICU Delirium and Cognitive Performance

(Predicted Mean T-score)
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The BRAIN ICU Project

- Overview -
Patient enrollment Time — 12-month follow-up
4
INDEPENDENT VARIABLES DEPENDENT VARIABLES
Delirium Duration » | Long Term Cognitive
I Impairment (LTCI) Battery
Drug Exposure < Health-Related Quality
of Life (HRQL) Battery




Pathogenesis of Delirium: Different
Hypotheses and Mechanisms

ANeuroinflammation
ANeurotransmitters-Amino Acid perturbation
ALimbic-hypothalamic-pituitary-adrenal axis

AReduced cerebral perfusion and metabolism
ADirect exposures to sedatives and analgesics

Trzepacz PT, Psychos 1994; 35:374-391 Cerejeira J, Acta Neuropathol 2010;119:737-54
Inouye SK, J Geront A Biol Sci Med Sci 2006; 61:1277-80 Van Gool WA, Lancet 2010;375:773-5
Maldonado JR, Critical Care Clin 2008;24:789-756 Simmone MJ, CNS Neurosc Ther 2010 Epub

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
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Associlation of inflammation
with the cholinergic pathway
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Cytokines, Acetylcholine, & Delirium
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Cytokines, Acetylcholine, & Delirium
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Association of dopamine, norepinephrine, and
serotonin with the cholinergic pathway

Dopamine Excess Serotonin Excess

= Associated with hyperactive delirium, * Impaired learning, memory and cortical
psychosis electroencephalogram activity ¥

* Can be instigated by hypoxia *' < * Binding 5-HT, _ in rat hippocampus **

* Dopamine antagonists decrease Serotonin Deficiency

symptoms of anticholinergic delirium * * Insufficient binding of 5-HT, , ,, , in rat

* Anatomical overlap in dopaminergic and frontal cortex =
cholinergic pathways *

Melatonin Deficiency
* Levels decrease with

Decreased
Acetylcholine
Levels

normal aging
* Implicated in cholinergic
deficiency but link unclear **

Gamma-aminobutyric acid
* Implicated in cholinergic
deficiency but link unclear *

Norepinephrine Excess
* Associated with hyperactive delirium *
Impaired modulation of attention, anxiety
and mood ¥

Glutamate
« [mplicated in cholinergic

- . - o
deficiency but link unclear =~

Hshieh T et al. J Gerontol A Biol Sci Med Sci. 2008; 63(7): 7641 772.



Neurotransmitters and Amino Acids

Precursors
Phenylalanine Tryptophan
' |
Tyrosine Serotonin
3 |
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] Melatonin

Norepinephrine
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The Monoamine axis Hypothesis

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

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

i Tryptophan Y Serotonin
I Tyrosi ne, Phenyl alanine Y Dopa

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



Psychopharmacology (2008) 200:243-254
DOI 10.1007/500213-008-1201-0 @ OpenAccess

ORIGINAL INVESTIGATION

Acute tryptophan depletion dose dependently impairs
object memory in serotonin transporter knockout rats

Am J Surg. 2008 November : 196(5): 670-674. doi:10.1016/j.amjsurg.2008.07.007.

Low Tryptophan Levels Are Associated with Post-Operative

Delirium in the Elderly

Thomas N Robinson, MD1, Christopher D Raeburn, MD !, Erik M Angles, BS1, and Marc Moss

I.lﬁ2

Flacker IM, Lipsitz LA. Large neutral amino acid changes and delinum mn febnile elderly medical
patients. J Gerontol A Biol Sc1 Med Sc1 2000;55(5):B249-B252. [PubMed: 10819312]discussion
B53-4.

van der Mast RC, van den Broek WW, Fekkes D, et al. Is delirium after cardiac surgery related to
plasma anuno acids and physical condition? I Neuropsychiatry Clin Neuroscr 2000;12(1):57-63.



Plasma Trp and Tyr levels: Risk Factors for
Delirium

A Hypothesis: 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 Tyr/LNAA Ratio and Risk of Delirium
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Plasma Trp/LNAA Ratio and Risk of Delirium
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Amino acids and Delirium (2)
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Tryptophan Metabolites and Acute Brain
Dysfunction in ICU Patients

A Hypothesis: to determine if KYN levels
and/or KYN/TRP ratio (KYN pathway
activity) were associated with duration
of acute brain dysfunction
(delirtum/coma-free days, DCFDs)

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



KYN Levels and Probability of DCFDs
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Adams J.R, Morandi A , et al In Press CCM 2011



KYN/TRP Ratio and Probability of
DCFDs
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Adams J.R, Morandi A , et al In Press CCM 2011



Pathogenesis of Delirium: Different
Hypotheses and Mechanisms

ANeuroinflammation and neuroprotection

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

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

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



Neuroprotection
Hypotheses

/ \

Innate Pharmacological

neuroprotection neuroprotection
IGF-1 Statins




Insuline Like Growth Factor-1: Neuroprotective
Acytokineo

A Neuroprotective actions: cortical,
hippocampal, and dopaminergic
neurons

A IGF-1 blocks apoptosis, promotes neural
plasticity, neurogenesis

A Low IGF-1 may increase neurons
vulnerability and increase delirium

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



IGF-1: Neuroprotective ncytokineo

A Low levels of IGF1 were associated with
Incident and prevalent delirium in elderly
non critically ill medical patients

A No 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



Serum IGF-1 and Acute Brain Dysfunction in
the ICU

A Hypothesis: Low levels of IGF-1 early
during critical illness are associated
with delirium risk and duration of brain

dysfunction (deliritum/coma-free days
DCFDs)

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



Probability of delirium

|IGF-1 and Risk of Delirium
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|IGF-1 and Duration of Acute

Probability of more delirium/coma-free days
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Pathogenesis of Delirium

ANeuroinflammation (sepsis)
ANeurotransmitters
AAminoacid perturbation
AMultifactorial

Severe sepsis incidence is as high as 750,000 cases a
year of whom 383,000 (51%) are admitted to the ICU

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



Statins and Prevention of
Sepsis/Infectious Complications

Effect size Outcome
Source (95% CI) % Weight measure
Prevention cohorts
Hackman et al 49 2006 = 0.81(0.72,091) 1975 HR
Gupta et al 48 2007 i 0.24 (0.11, 0.51) 8.26 IRR
Almog et al 45 2007 —l— 0.37(0.27,051) 1590 HR
Van de Garde et al,50 2006 —— 0.49(0.35,069) 1565 OR
Coleman et al %6 2007 — — 0.67 (0.46,0.98) 14.71 OR
Schlienger et al,51 2007 —- 0.71(0.56,090) 17.87 OR
Fernandez et al 47 2006 O 0.80(0.37,1.74) 7.85 OR
Pooled (/2=82.0%; P<.001) <> 0.57 (0.43,0.75) _100.00

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



CHEST Commentary

Statins and Brain Dysfunction

A Hypothesis to Reduce the Burden of Cognitive
Impairment in Patients Who Are Critically lll

Alessandro Morandi, MD, MPH; Christopher G. Hughes, MD);
Timothy D. Girard, MD, MSCI: Danny F. McAuley, MD:;
E. Wesley Ely, MD, MPH, FCCP; and Pratik P. Pandharipande, MD, MSCI

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



The systemic inflammatory
cascade and delirium

Systemic Inflammation
Endothelium and Coagulopathy: Inflammation and immune system:
1 Adhesion molecules 1 TNF-a Complement activation (C5a)
t tissue factor tIL-1B 1iNOS | eNOS
JThrombomodulin t MCP-1
1 PAI-1
| Protein-C 1 Toll like receptors

Microglia Activation

Ischemic/hemorrhagic lesions

Neuronal apoptosis

BBB damages

‘\/
L Delirium J

(1 death, 1LOS, 1 cost, T1LTCI)

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



Statin effect on inflammation and
delirium

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



