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Il delirium impatta sugli 
outcomes di salute?



Prognosis after hospital discharge of 
older medical patients with delirium

• Setting: General medical wards of a teaching hospital. 
• Patients: 229 consecutive patients (>70 years) who had been 

community-dwelling prior to admission. 50 patients met criteria 
for delirium (cases). 

• 223 patients survived hospitalization (46 cases, 177 controls). 
Important exclusion criteria

• Results:

– Up to discharge death was 12.1% vs control= 7.2

– At 6 months death was 14.3% vs control = 10.1% (no 
independent effect when adjusted for cancer, ADL, and 
cognitive impairment, loss of independent community living)

– At 24 months death was 39% vs controls = 23% (relative 
risk 1.82, 95% confidence interval 1.04-3.19). 

Francis et al., JAGS 1992

No independent effect when 
adjusted for cancer, ADL, and 
cognitive impairment, loss of 
independent community living



Does delirium contribute to poor 
hospital outcomes?

Inouye, J Gen Intern Med 98

Delirium 
status

n/N(%) of 

in-hospital death

OR Adj OR 95% CI (Adj 
OR)

Chicago

delirious

non delirious

0/20 (0)

6/179 (3)

NA NA NA

Cleveland

delirious

non delirious

3/33 (9)

6/172 (3)

2.8 0.9 (0.1-7.0)

Yale

delirious

non delirious

5/37 (14)

15/286 (5)

2.8 0.7 (0.1-5.9)

All sites

delirious

non delirious

8/90 (9)

27/637 (4)

2.2 0.7 (0.2-2.5)

* adj for age, gender, dementia, APACHE, ADL and IADL scores

No independent effect when 
adjusted for age, gender, 

dementia, APACHE, ADL and 
IADL scores





8/19 studi hanno esaminato solo 
parzialmente o non hanno corretto per 
fattori di confondimento
6/19 studi hanno escluso dementi 
14/19 studi hanno usato criteri DSM e 
solo 5 anche CAM



Delirium non è fattore di rischio 
autonomo di mortalità



Delirium & institutionalization and 
re-hospitalization

Bellelli G et al, JAMDA 2008



Bellelli G et al., J Am Med Dir Assoc 2008; 9: 55–64



McCusker J Arch Intern Med 2002

Delirium independent 
predictor even after 

adjusting for relevant 
covariates 



Delirium as a predictor of mortality in mechanically 
ventilated patients in the intensive care unit

Ely W et al, JAMA. 291(14): 1753-1762, 2004.

Delirium independent 
predictor even after 

adjusting for relevant 
covariates 



Controversia

L’associazione tra delirium e mortalità è assente in 
molti studi (non c’è variazione nel trend di 
mortalità tra chi ha sviluppato delirium e chi non 
lo ha sviluppato) o è inconsistente (l’effetto 
sparisce nella regressione multivariata). Secondo 
questa ipotesi il paziente muore con il delirium e 
non per il delirium

Vi sono però altri autori (McCusker, Ely) che 
sembrano più propensi a considerare il delirium 
un’entità autonoma. Secondo questi il paziente 
muore a causa del delirium



Come spiegare queste 
discrepanze?



Summary of death rate in principal studies 
on delirium

N° cases Cases Controls Results 

at discharge

Inouye S, 98 33 9% 3% Difference NS after adj for confounders

O’ Keefe ST, 97 94 16% 5% Difference NS after adj for confounders

McCusker J, 01 220 19% Independent increase in mortality

Zanocchi M 98 130 25% 10% Significant difference, not adj for confounders

at 6 months

Francis J, 90 50 14.3% 10% Difference NS after adj for confounders

O’Keefe ST 97 94 31% 15% Difference NS after adj for confounders

at 12 months

McCusker J, 01 220 42% 14% 2-fold increase in mortality after adjustement

Rahnoken T, 00 51 10%

Ramsay R, 91 22 77%

at 3-5 years

Rockwood K, 99 38 21% 57% Survival at 3 years, adj HR for death =1.71

Villapando-
Berumen J, 03

80 55% 70% Survival at 5 years

Le popolazioni 
studiate sono 

differenti

Mod Age Ageing 2006



Le cause del delirium sono molteplici

Inouye, N Engl J Med 2006



Delirium and Its Motoric Subtypes: A 
Study of 614 Critically Ill Patients

Petersen J et al, JAGS 2006



Bellelli G et al, J Gerontol 2007

Delirium subtypes and 12-months mortality

I delirium sono 
clincamente 

diversi



Persistent delirium and mortality

Kiely et al, JAGS 2009

I delirium hanno 
durate differenti





• Of the 129 patients assessed at 8 weeks, 51, 47, 
and 31 met criteria for SSD-recovered, SSD-not 
recovered and no SSD, respectively. At 6 and 12 
months, the primary and secondary outcomes of 
the SSD-recovered group were better than the 
outcomes of the SSD-not recovered group and, 
for the most part, intermediate between the 
outcomes of the SSD-not recovered and no SSD 
groups.

J Am Geriatr Soc, 2008 



Considerazioni 

• Non tutti i delirium sono uguali:

– probabilmente chiamiamo delirium quadri 
clinici differenti che si manifestano con una 
sintomatologia similare

• L’etiologia multifattoriale e le caratteristiche 
cliniche (motorie e di durata) lasciano intuire: 

a) che l’approccio meccanicistico singola causa-
singolo effetto non spiega il fenomeno

b) che vi sia un eterogeneità patogenetica e 
biologica (non tutti i triggers agiscono sugli 
stessi bersagli e sugli stessi pazienti)



Perché malattie 
extracerebrali così differenti 

ed etiologicamente scollegate 
producono una sindrome 

omogenea dal punto di vista 
clinico?



Pathogenetic concept of delirium

• In the first decade of 1900, Bonhoeffer proposed 
that acute mental concomitants of physical 
illness fell into a single class of what he called 
“acute exogeneous reaction types”……….. He 
suggested a common secondary etiological 
factor, which he called an autotoxin, could 
explain why the different extracerebral diseases 
do not induce specific mental syndromes. It is 
not necessarily the case that the postulated 
factor must be derived from the internal organs: 
it could also be produced under direct 
circumstances directly in the brain, since 
delirium is frequently seen after head trauma. 



Stimolo nocicettivo Delirium 

CervelloSoma

Autossina 

The hypothesis of Bonhoeffer appeared surprisingly modern when we 
replaced the term autotoxin with cytokines, such as the endogen 
pyrogen interleukin-1, which is released from cells following a wide 
range of infectious, inflammatory and toxic insults

interleukin-1





Comparison of levels of (A) interleukin (IL)-6 and (B) 
interleukin-8 in patients with and without delirium

Van Munster B et al, JAGS 2008

IL-6 and IL-8 may 
contribute to the
pathogenesis of 
postoperative delirium 
in elderly people.
IL-6 may play a role in 
the hyperactive 
behavior of delirium.



C-reactive protein levels predict the
incidence of delirium and recovery from it

Key points

• High levels of CRP independently 
predicted incidence of delirium

• A higher initial MMSE and low CRP 
predicted the recovery from 
delirium at any time during 
hospitalization

• Elevated CRP should alert 
clinicians to the possibility of 
incident delirium

• CRP in acute illness merits further 
investigation as a marker for 
potential precipitating or 
perpetuating mechanisms for 
delirium

MacDonald et al, Age Ageing 2007



C-Reactive protein & delirium

Speciale S et al, 2008

We agree with Macdonald that 
the CRP serum levels may help 
to focus clinical attention on the 
diagnosis and the management 
of delirium. However, although 
CRP may be viewed as a 
measure of inflammatory 
activity, it may not be
forgotten that it actually 
captures only one specific aspect 
of inflammation, which is not 
necessarily the most relevant for 
delirium 



Un ipotesi alternativa: 
l’ipotesi colinergica

Hshieh et al., J Gerontol A Biol Sci, 2008



Central cholinergic pathways overlap with locations of 
neuroimaging abnormalities in delirium brain studies

Cholinergic pathways are indicated by black arrows, locations of abnormal neuroimaging 
are shaded, brain regions involved in attention are textured.

Hshieh et al., J Gerontol A Biol Sci, 2008



Elementi a supporto di un 
coinvolgimento di acetilcolina

• ACh is involved in several functions that are 
affected in delirium: arousal, attention, 
delusions, visual hallucinations, motor activity 
and memory; moreover anticholinergic drugs 
can cause delirium in susceptible patients                                                 
[Lindesay, 2002]

• Patients with Lewy body dementia have several 
features common to delirious patients: severe 
cognitive impairment, fluctuating symptom 
severity, visual hallucinations and EEG slowing, 
with symptoms responding to cholinesterase 
inhibitors        [Kaufer, 1998]



An essay to measure SAA in 
delirium

Flacker et al, Am J Ger Psych 98

SAA più elevati in pazienti con 
delirium vs non delirium

Tune, Arch Gen Psych, 1980
Thomas, Arch Gen Psych, 1988



Delirium & patologie specifiche

• Hypoglycemia 
– Acetylcholine is produced from the interaction of choline with acetyl 

coenzyme A (CoA). Thus, dysfunctions in this pathway or reductions in 
precursor availability can diminish acetylcholine levels. Acetyl CoA is 
produced by glucose breakdown in the citric acid cycle. Consequently, 
hypoglycemia or severe malnutrition may also lead to cholinergic deficit

• Anesthetic drugs
– Anesthetic drugs that inhibit postsynaptic nicotinic receptors (e.g., 

isoflurane, nitrous oxide) can cause cognitive impairments after surgery
• Chronic stress

– illness or trauma activates the sympathetic nervous system and 
hypothalamic–pituitary–adrenocortical axis, resulting in increased 
cytokine levels and chronic hypercortisolism

• Stroke & TBI
– In both conditions, cerebral ischemia leads to an acute surge of 

glutamate and acetylcholine, possibly due to decreased removal by 
impaired circulation. The cholinergic deficits that follow can last weeks 
and have been hypothesized to be a result of ineffective acetylcholine 
synthesis, release, or uptake caused by the cerebral damage.



Pathophysiology of delirium

Flacker JM et al , J Gerontol Biol Sci Med Sci 1999



Possiamo verificare in vivo 
cosa succede nel cervello di 
un paziente con delirium?



Delirium may incite a derangement in 
brain vascular function

Fong J Gerontol 2006

42% reduction of CBF during delirium

Widespread brain dysfunction rather than 
localized 



SPECT cerebral blood flow in delirium and 
related conditions

Alsop D et al, J Gerontol 2006



Neuroimaging and neuroanatomic 
of delirium

Global hypoperfusion would have the potential to cause 
several of the long-term changes associated with 
prolonged delirious states, including autophagy (Chang, 

Neurosignals 2006; Yorimitsu, Cell Death Differ 2005;) and long-term cognitive 
impairment (LTCI) (Jackson Neuropsychol Rev 2004; Crit Care Med 2003 )

In a recent case report, Kitabayashi and colleagues (J 

Neuropsychiatry Clin Neurosci 2007) scanned a patient experiencing 
delirium tremens describing a reduction in blood flow in 
multiple areas of the brain

Major neuroanatomic changes may occur in patients 
experiencing prolonged delirium (Hopkins Brain Inj 2006, Alsop J 
Gerontol 2006)



Mean MMSE score at enrolment and follow-
up, according to delirium and dementia status at 

enrolment

McCusker et al, CMAJ 2001



Do delirium and Alzheimer’s 
dementia share specific 

pathogenetic mechanisms?

Eikelenboom P., Dement Geriatr Cogn Disord, 1999



Potential Overlapping Mechanisms of 
Cholinergic Deficiency in AD and Delirium

Hshieh T et al, J Gerontol 2006



Il delirium associato a demenza (DSD) ha un 
impatto significativo ed indipendente sulla 

mortalità

Bellelli G et al J Gerontol 2007; Nov;62(11):1306-9



Neurotoxic 
damage

Dysregulation of

AChE
Dopamine
Serotonin
Melatonin
GABA
Glutamate
Norepinephrine

Altered CBF

Delirium Dementia

Death

DSD

Ipotesi fisiopatogenetica

IL-6 activation



Delirium, dementia and 
brain reserve

Reyes-Ortiz C, et al, JAGS 1997



Due concetti di brain reserve

• Passive reserve models, also referred to as brain 
reserve or threshold 
– there are individual differences in the amount of damage that 

the brain can endure before reaching a critical threshold for 
clinical expression (Mortimer, Neurology 1993). Differences are 
caused by structural features such as brain size and synapse 
density (Stem, J Int Neuropsychol Soc. 2002). 

• Active model of reserve, cognitive reserve 
– refers to the degree of efficiency with which an individual uses 

relevant brain networks or cognitive strategies to cope with 
brain injury (as indicated by brain pathology, impaired 
neuropsychological performance, or clinical signs of dementia). 
Markers have been suggested to include educational attainment, 
occupational achievement, and intelligence (Stem, J Int 
Neuropsychol Soc. 2002).

Jones et al, J Gerontol A Biol Med Sci, 2006 



• Controlling for age, sex, 
dementia, comorbidity, 
and severity of illness,
each year of completed 
education was associated 
with a 0.91 lower odds of 
delirium (95% confidence 
interval: 0.87, 0.95); 
compared to persons with 
12 years of education, 
persons with 7 years of 
education had 1.6-fold 
increased odds of delirium 
(95% confidence interval: 
1.4, 2.0).

J Gerontol Biol Sci, 2006



Autoregulationn, C-reactive protein, S-100β, and cortisol in patients 
with and without sepsis-associated delirium

Pfister et al, Crit Care 2008



Conclusioni 

• Il delirium è un’entità sindromica eterogenea (con 
fisiopatologia e manifestazioni cliniche spesso differenti)

• Non vi sono attualmente dati definitivi che supportino 
l’ipotesi che il delirium sia un’entità clinica autonoma (il 
paziente muore con il delirium)

• Il delirium determina a livello cerebrale una serie di 
modificazioni organiche che conducono a demenza

• Nel soggetto demente una ridotta “brain reserve”
potrebbe determinare l’incapacità del paziente a 
recuperare lo status quo ante, e portare a morte 

attraverso meccanismi complessi e non ancora noti

• Lo studio di biomarkers specifici e della riserva cerebrale 
potrebbero essere due specifici focus di interesse


