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Il delirium impatta sugli

outcomes di salute?




Prognosis after hospital discharge of

older medical patients with delirium

e Setting: General medical wards of a teaching hospital.

o Patients: 229 consecutive patients (>70 years) who had been
community-dwelling prior to admission. 50 patients met criteria
for delirium (cases).

e 223 patients survi :
Impé’rtant el No independent effect when

e Results: adjusted for cancer, ADL, and
sl ReRe[SaElsl:  cognitive impairment, loss of

s Aueines  independent community living
independent ef

cognitive impairmes O Independent community living)

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

ols).

Francis et al., JAGS 1992



Does delirium contribute to poor

hospital outcomes?

Delirium n/N(%) of Adj OR | 95% CI (Adj
status in-hospital dez
Chicago No independent effect when
delirious adjusted for age, gender,
non delirious dementia, APACHE, ADL and
Cleveland IADL scores
delirious
non delirious
Yale
delirious (0.1-5.9)
non delirious 5/286 (5)
All sites
delirious 8/90 (9) 2.2 0.7 (0.2-2.5)
non delirious 27/637 (4)

* adj for age, gender, dementia, APACHE, ADL and IADL scores Inouye, J Gen Intern Med 98




Prognosis of delirium in elderly hospital patients

Martin G. Cole, MD, FRCPC; Francois J. Primeau, MD, FRCPC  CAN MED ASSOC J 1993; 149 (1)

Objective: To determine the prognosis of delirium in elderly patients.

Data sources: MEDLINE was searched for relevant articles published from January
1980 to March 1992. The bibliographies of identified articles were searched for addi-
tional references.

Study selection: Eight reports (involving 573 patients with delirium) met the following
inclusion criteria: original research, published in English or French, prospective study
design, diagnosis based on acute deterioration in mental state, sample of at least 20 pa-
tients, patients aged 60 years or over and follow-up of at least 1 week. The validity of
the studies was independently assessed according to the criteria for prognostic studies
established by McMaster University, Hamilton, Ont. No study met all the criteria.

Data extraction: Information about the patient sample, length of follow-up and results
was systematically abstracted from each report and tabulated.

Data synthesis: A meta-analysis of the outcomes indicated that elderly patients with
delirium had a mean length of stay of 20.7 days. One month after admission 46.5%
were in institutions, and 14.2% had died; only 54.9% had improved mentally. Six
months after admission 43.2% were in institutions. Compared with unmatched control
subjects they had longer hospital stays, higher mortality rates at 1 month and higher
rates of institutional care at 1 and 6 months. The presence of severe physical illness or
dementia may have been related to some outcomes.

Conclusions: Delirium in the elderly appears to have a poor prognosis. However, this
finding may have been confounded by the presence of concomitant dementi

physical illness. Future studies must pay attention to methods and design, particularly
the composition of study populations and the control of extraneous prognostic factors.



SYSTEMATIC REVIEW

Occurrence and outcome of delirium in medical
in-patients: a systematic literature review

NamMa SiDDIQI, ALLan O, Housk, JoHN D, HOLMES Age and Ageing 2006; 35: 350364

Abstract

Background: Despite the acknowledge : : to improve its
management is sparse. A necessaty first st 8/19 studi hanno esaminato solo n it is and what

its outcomes are in any particular setting, paI‘Zia|mente 0 non hanno corretto per

Objective: To determine the occurrence fattori di confondimento matic review of
the literature. . .
Method: We searched electronic medica 6/19 studi hanno escluso dementi rence lists and

bibliographies for potentially relevant stug 14/19 studi hanno usato criteri DSM e yrding to preset
solo 5 anche CAM _
; e of delitium at

admission ranged from 3 to 29% and occurrence rate per

protocols.

Results: Results for the occurrence of del
admission ranged from 10 to 31%, incidence of new
admission varied between 11 and 42%. Results for nes were available for 19 study cohorts. Delitium was associated

with increased mortality at discharge and at 12 months, increased length of hospital stay (LOS) and institutionalisation. A sig-
nificant proportion of patients had persistent symptoms of delitium at discharge and at 6 and 12 months.

Conclusion: Delirmim is common in medical in-patients and has serious adverse effects on mortality, functional outcomes,
LOS and institutionalisation. The development of appropriate strategies to improve its management should be a clinical and
research priority. As delirium prevalent at hospital admission is a significant problem, research is also needed into preventa-

tive measures that could be applied in community settings.



Associations of delirium with in-hospital and in
6-months mortality in elderly medical inpatients

DiMTRIOS ADaMis' 23, ADrRIaN TRELOARZS, Fal-Zaza DarwicHE!, NorMan GRecson?,

2 |
ALasTAR |. D. MacponaLD?, Finearr C. MARTIN Age ond Ageing 2007 36: 644649

Background studies on the association between mortality and delirum in older hospital inpatients have produced conflicting
results. This insconsistency might be explained by case-mix differences in terms of clinical or undetlying patho-physiclogical
processes. For example, both albumin and C-reactive protein (CRP) have been reported as predictors of in-hospital mortality
and interleukin-6 of longer-term mortality.

Methods we used data from a longitudinal study of delirium to investigate the delirum—mortality relationship. A cohort
of 164 patents, 70+ years were assessed w. 1thm 3 days of acute hﬂspltal admission and hence twice weekly until hospital
discharge, for the presence and seventy ' ' - inifial albumin

(= 149), CRP (# = 76) and ::jrtﬂlcme ¢t Delirium non é fattore di rischio d from clinical

records and telephone contact. . LN
Results duting hospitalisation 14 (8.5% autonomo d| morta“ta delirium. At 6
months, 119 of 150 (77.3%a) discharged | ole. In bivariate
analysis, 6-months mortality was assoclat = pa— AP (P = 0.014)
and higher interleukin-6 levels (P = (0.007), but ‘nce ot severity of in- hDS pital delinium. After controllin

f ] s =TI E] T r i

ot other vanab -laIII = N1 IS bunin Joterferon-h and
Conclusions the lack of demonstrable association between delitium and mortality may reflect inadequate statistical power
in this study due to low numbers. These findings, however, highlight specific patho-physiological factors which may be

important in the prognosis after delirium.




Delirium & institutionalization and

re-hospitalization

Table 3. Prediceors of Insticutionalizadon ar 1 2-Month Follow-up

B OR 95% Confidence P

Table 5. Predictors of Rehospitalization at 12-Month Follow-upy

B OR 95% P
Intervals Confidence
Age, y Intervals
7810 83 1.10 30 1.6-58 001
=84 156 48 2689 .000 Charlson Index score
Mini Mental State 084 23 1.4-39 001 0 3 071 20 15227 = 0005
Examination .
score =20/30
Barthel Index at Dccurre:r}ce of 073 16 1.1-24
discharge delirium
69/100 to 85/100 1.56 48 2.2-105 000

Multiple stepwise regression analysis adjusted for age, gender,
living alone, albumin and cholesterol serum levels, Body Mass Index,
Mini Mental State Examination, Barthel Index at discharge, occur-

Lving alone T L iy rence of adverse clinical events, and intensity of the physiotherapic
5es5i0Ns.
Multiple stepwise logistic regression analysis adjusted for gender, B, regression coefficient; OR, odds ratio; P, significance.

albumin and cholesterol serum levels, Charlson Index, Body Mass
Index, occurrence of adverse clinical events and intensity of the
physiotherapic sessions.

B, regression coefficient; OR, odds ratio; F, significance. Bellelli G et 8/, JAMDA 2008



QOutcomes at 12 Months in a Population
of Elderly Patients Discharged From a
Rehabilitation Unit

Giuseppe Bellelli, MDD, Francesca Magnifico, PsyD), and Marco Trabucchi, MD

Table 7. Prediciors of Death at 12-Mondh Follow-up

B OR 95% Confidence Intervals P

Age =83 years 0.80 2.2 1.3-39 004
Barthel Index at discharge =60/100 1.07 29 1.7-5.1 =,0005
Charlson Index score

3tod 0.89 2.4 1.2-12.0 015

=5 1.78 6.0 3.0-11.8 =,0005
Albumin serum levels (g/dL)

32t02.9 1.48 44 1.8-15.2 001

=29 1.87 6.8 2.8-15.3 =,0005
Geriatric Depression scale =2/15 -1.12 0.3 0.1-0.8 02

Multiple stepwise regression analysis adjusted for gender, living alone, cholesterol serum levels, Mini Mental State Examination, occurrence
of adverse clinical events, and intensity of the physiotherapic sessions.
B, regression coefficient; OR, odds ratio; P, significance.

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



ORIGINAL INVESTIGATION

Delirium Predicts 12-Month Mortality

Jane MeCusker, MD, DrPH; Martin Cole, MDy; Michal Abrahamowicz, PhD;
Francois Prnimeau, MD; Eric Belzile, MSc
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McCusker J Arch Intern Med 2002



Delirium as a predictor of mortality in mechanically

ventilated patients in the intensive care unit
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Delirium independent
predictor even after

adjusting for relevant
covariates

Months after Enrollment

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



Controversia

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

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



Come spiegare queste

discrepanze?




Summary of death rate in principal studies

at discharge
Inouye S, 98
O’ Keefe ST, 97
McCusker J, 01
Zanocchi M 98
at 6 months
Francis J, 90
O’Keefe ST 97
at 12 months
McCusker J, 01
Rahnoken T, 00
Ramsay R, 91
at 3-5 years
Rockwood K, 99

Villapando-
Berumen J, 03

N° cases

on delirium

Cases Controls Results

33
94
220
130

50
94

220
51
22

38
80

Difference NS after adj for confounders

9%
16%
19%
25%

3%
5%

Difference NS after adj for confounders

[ndependent increase in mortality

10% Significant difference, not adj for confounders

14.3%
31%

10%
15%

Le popolazioni
studiate sono
differenti

42%
10%
77%

14%

21%
55%

Survival at 3 years, adj HR for death =1.71

Survival at 5 years
Mod Age Ageing 2006



Le cause del delirium sono molteplici

Table 2. Predisposing Factors for Delirium.

Demographic characteristics
Age of 65 years or alder
Male sex

Cognitive status
Dementia
Cognitive impairment
History of delirium
Depressicn

Funcrional status
Functiconal dependence
Ilmirma bility
Low level of activity
History of falls

Sensory impairment
Wisuwal impairment
Hearing im pairment

Decreased oral intake
Dehydration
Malnutriticon

Dirugs
Treatment with multiple psychoactive drugs
Treatment with many drugs
Alcohol abuse

Coexisting medical conditions
Severe illness
Multiple coexisting conditions
Chronic renal or hepatic disesase
History of stroke
Meurologic disease
Metabolic derangements
Fracture or trauma
Terminal illness

Infection with human immunodeficiency wirus

Table 3. Precipitating Factors or Insults That Can Contribute to Delirium.

Drrugs

Sedative hypnotics

Marcotics

anticholinergic drugs

Treatment with multiple drugs

Alcohol or drug withdrawal
Primary neurclogic diseases

Stroke, particularly nendeminant hemispheric

Intracranial bleeding

Meningitis or encephalitis
Intercurrent illnesses

Infections

latrogenic complications

Severe acute illness

Hypoxia

Sheck

Fever or hypothermia

Anemia

Dehydration

Poor nutritional status

Low serum albumin level

Metabolic derangements (e.g., electrolyte, glucose, acid—base)

Surgery
Orthopedic surgery
Cardiac surgery
Prolonged cardicpulmonary bypass
MNoncardiac surgery
Environmental
Admission to an intensive care unit
Use of physical restraints
Use of bladder catheter
Use of multiple procedures
Pain
Emotional stress

Prolonged sleep deprivation

Inouye, N Engl J Med 2006




Delirium and Its Motoric Subtypes: A

Study of 614 Critically Ill Patients
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Delirium Subtype During Medical
Intensive Care Unit Admission

Petersen J et al, JAGS 2006



Delirium subtypes and 12-months mortality

1.1 1 Bellelli G et al, J Gerontol 2007
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Persistent delirium and mortality
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Weeks following PAC admission
Number at risk
Not delirious 122 168 198 187
Delirious 412 288 223 140 95

Figure 1. Estimated survival curves of the time to death for five
delirium resolution patterns. Estimated survival obtained from
discrete time survival models fitted with general baseline hazard
and a constant risk of death due to delirium. Parameters were
estimated with logistic regression. Y = delirium present; N = de-
lirium not present; PAC = post-acute care.

I delirium hanno

durate differenti

Kiely et al, JAGS 2009



Outcomes of Older People Admitted to Postacute Facilities with
Delirium
Edward R. Marcantonio, MD, SM,*™ Dan K. Kiely, MPH, MA,” Samuel E. Simon, MA,”

E. Jobn Orav, PhD,* Richard N. Jones, ScD,’™ Katharine M. Murphy, RN, PhD,” and
Margaret A. Bergmann, GNP, MS™’
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Months following PAC admission
HR=unadjusted hazard ratio (5% confidence interval)

Figure 2. Six-month mortality assessed using the National
Death Index across delirium groups defined at postacute facil-
ity admission. Significant mortality differences persisted after
adjusting for age, preexisting dementia, and medical comorbid-
ity. Hazard ratios are unadjusted. See text for adjusted HRs.
CI = confidence interval.

J Am Geriatr Soc 53:963-969, 2005.



The 6- and 12-Month Outcomes of Older Medical Inpatients Who
Recover from Subsyndromal Delirium

Martin G. Cole, MD, FRCP(C),*" Jane McCusker, MD, DrPH, ® Antonio Ciampi, PhD, "
and Eric Belzile, MS¢*

o 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

e Non tutti i delirium sono uguali:

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

e | 'etiologia multifattoriale e le caratteristiche
cliniche (motorie e di durata) lasciano intuire:

a) che |'approccio meccanicistico singola causa-
singolo effetto non spiega il fenomeno

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



Perchée malattie
extracerebrali cosi differenti
ed etiologicamente scollegate

producono una sindrome
omogenea dal punto di vista
clinico?




Pathogenetic concept of delirium

e In the first decade of 1900, Bonhoeffer proposed

that acute mental concomitants of physica
iliness fell into a single class of what he ca
‘acute exogeneous reaction types’......... .
suggested a common secondary etiologica
factor, which he called an autotoxin, could

led
He

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.



Soma Cervello

Stimolo nocicettiV0 r—__—_—t— Delirium

iAtEASYIRA-1

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 toxi¢ insults



Jourmal of Gerortlogy: MEDICAL SCIENCES Copyright 2008 by The Gerontological Society of America
2008, Vol. 63A, No. 2, 1841589

Chemokines Are Associated With Delirtum After
Cardiac Surgery

James L. Rudulph,lm Basel R:;unl:;r».ﬂ.ri,z’ﬁl George A. Kuch{::l,4 Janet E. McElhenlley,3’4’5 Dongxu Xiﬂ,m
Frank W. Sellke,ﬁ Kamal Khabbaz,ﬁ Sue E. Lzevkuff,g and Edward R. Marcantonio’®

Background. Delinum has been hypothesized to be a central nervous system response to systemic inflammation during
a state of blood—brain barrier compromise. The purpose of this study was to compare postoperative changes in groups of
inflammatory markers in persons who developed delinum following cardiac surgery and matched controls without
delirum.

Methods. Serum samples were drawn from 42 patients undergoing cardiac surgery preoperatively and postoperatively
at 6 hours and postoperative day 4. The serum concentrations of 28 inflammatory markers were determined with
a microsphere flow cytometer. A prion, inflammatory markers were assigned to five classes of cytokines. A class z score
was calculated by averaging the standardized, normalized levels of the markers in each class. Beginning on postoperative
day 2, patients underwent a daily delinum assessment.

Results. Twelve patients with delinum were matched by surgical duration, age, and baseline cognition to 12 patients
without delirium. At the 6-hour time point, patients who went on to develop delirium had higher increases of chemokines
compared to matched controls (class z score 0.3 = 1.0, p < .05). Among the five classes of cytokines, there were no other
significant differences between patients with or without delirium at either the 6 hour or postoperative day 4 assessments.

Conclusion. After cardiac surgery, chemokine levels were elevated in patients who developed delirium in the early
postoperative period. Because chemokines are capable of disrupting blood—brain barrier integrity in vitro, future studies
are needed to define the relationship of these mflammatory mediators to delirium pathogenesis.



Comparison of levels of (A) interleukin (IL)-6 and (B)

interleukin-8 in patients with and without delirium

A 1_4[] ...................................................................................................................................
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C-reactive protein levels predict the

incidence of delirium and recovery from it

1.0 i |

Key points

e High levels of CRP independently
predicted incidence of delirium

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

i e Elevated CRP should alert
it clinicians to the possibility of
incident delirium
e ;.n D?E nr.4 01.5 C:B 1jn e CRP in acute illness merits further
1 opeetely investigation as a marker for
.............. Incident delirium potential precipitating or
o Pecoveniom anydelium perpetuating mechanisms for

Sensitivity

Figure |. Receiver operator characteristics curves of C-RP with

incident deliriam (higher C-RP = more incidence) and recovery del|r|um
from incident or prevalent delirum (lower C-RP = more
recovery).

MacDonald et al, Age Ageing 2007



C-Reactive protein & delirium

- N S We agree with Macdonald that
RSN R (1 CRP serum levels may help
to focus clinical attention on the
diagnosis and the management
ssed  Of delirium. However, although | gises
............................................................. CRP may be Vlewed as a

Age years

Female, # (%) @& measure of inflammatory

Body mass index (kg/m”) 0 o .

_ﬂslbjmin e le-.vis ['gr;."'dl_] : ; aCtIVItYI It maynOt be

Apache IT score (0-77) &y forgotten that it actually

Charlson comorbidity index .- i
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Barthel Index on admission
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at delirinm resohation
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11.5 £ 10.3

144 £99

120 £ 67

Drata are expressed as means £50 unless otherwise sp
! for patients with prevalent delivinm, C-reactive progin seram levels at delirivm onset were not available.

Speciale S et al, 2008



Un iIpotesi 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

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

Caudate nucleus Hippocampus
\ 1 Parietal

Anteromedial thalamus 1

[nferior parictal

« = « Posterior parietal

Occipital
’

« Calcarine gyrus

-
Temporal
1
Fusiform gyrus

Ventromedialtemporal

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



Elementi a supporto di un

coinvolgimento di acetilcolina

e ACh is involved in several functions that are
affected in delirium: arousal, attention,
delusions, visual hallucinations, motor activity
and memoay;l_moreover anticholinergic drugs

eli

can cause rium in susceptible patients
[Lindesay, 2002]

o 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
70.0
600__ SAA piu elevati in pazienti con
L delirium vs non delirium

50.0 Tune, Arch Gen Psych, 1980
E - Thomas, Arch Gen Psych, 1988
£ 400+
o i
= 3001
2
52

20.0 |-

10.0]

0.0l

] 2 3 4 5
Serum Anﬁchohnergic Activity Quintile

Flacker et al, Am J Ger Psych 98



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
Eroduced by glucose breakdown in the citric acid cycle. ConsequentI%/,
ypoglycemia 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

Medications Mnaﬂi_:mn
Alcohol withdrawal Medical iliness
Medications Surgical iness
Stroke \ Benzodiazepine and
. ) Alcohol Withdrawal
Chulmergm Chulingrgic
ﬂcﬂvﬂﬁnn ilnhibition /
Dopamine Reduced
Activation GABA Activi
Cytokine GABA Benzodiazepines
Excess / == Activation = Hepatic Failure
EBrﬂtﬂnin DBII“Um
Activation
Glutamata
E«Eﬂ:lturun Activation
Deficiency \
Medications I'
Substance withdrawal Tryptophan depletion Hepatic failure
Phenyalanine elevation Alcohol withdrawal
Glucocorticoids
Cushings Syndroma
Surgical lliness Surgery
Medical lliness Stroke

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

42% reduction of CBF during d

Widespread brain dysfunction rather than
’ localized

@ WH

Fong J Gerontol 2006




SPECT cerebral blood flow in delirium and

related conditions

Mo, of
Reference (Ref. No.) Fatients/Controls Canse of Onset Location
Bogousslavshy et al. (100 1/0 Right thalamic infarction Right fronial hypoperfusion
Shih et al. 46) 110 Drog withdrawal Left frontotemporal hypoperfusion
Eohim et al. (47) 170 Hepatic encephalopathy Cerebellum, basal ganglia, cortical hyperperfusion
Dovle and Wanden (48] 170 Cardictormy Right temporal -occipital hvpoperfusion
Ohta et al. (49) 170 Portal-svatemic encephalopathy Bilateral parietal hypoperfusion
Basal panglia hyperperfusion
Kamije et al. (30) 1/0 Barbiturate withdrawal Diffuse bilaterl decrease
Fittock et al. (51) 170 Transplant imumunosuppression Bilateral frontal, parietal, temporal hypoperfusion
[keda et al. (52) a0 Hepatic encephalopathy Diffusely decreased contical perfusion: n 4
paricipants recovery after liver transplant
Jalan et al. (53] B0 Oral amino acid loading in cirrhosis Bilateral temporal lobe, left superior frontal gyros,
and right parieial and cingulaie pyus decrease
Treepace et al. (54) 66 Cirrhosis Right basal ganglia and bilateral frontotemproal
hypoperfusion
Stranss et al. (55) 19 Hepatic encephalopathy Frontal and basal ganglia hyvpoperfiusion
OrCarroll et al. (56) 10/ 10y Cirrhosis Basal ganglia and occipital increase
Anterior cingulaie decrease
Yazgan et al, (57) 12/8 Hepatic encephalopathy Bilateral thalamic hypoperfusion
Catafan et al. (58) 13/13 Hepatic encephalopathy Prefrontal hyvpoperfusion. Striatal and medial
temporal perfusion was higher in
mare impaired partici panits
Fong et al. (5%9) 2216 Multiple etiologies in Parietal hypoperfusion in &
hospitalized medical patients Fromtal hypoperfusion in 5
Revemible parietal hypoperfusion in 3 of 6
Opasawara et al, (60) 5/36 Subdural hematoma Hyperperfusion under surgical site
Gokpgoz et al. (61) 44 Cardiac surgery Reduced perfusion in bilateral temporoparietal
and fromtal and right occipital
Gunaydin et al. (62) 743 Cardiac surpery Bilateral temporoparieial, frontal, and occipital

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 (crang,
Neurosignals 2006; Yorimitsu, Cell Death Differ 2005;) A nd |Ong'te m cogn itive
Im Pa irment (LTCI) (Jackson Neuropsychol Rev 2004; Crit Care Med 2003 )

In a recent case report, Kitabayashi and colleagues ¢
Neuropsychiatry Clin Neurosci 2007) scanned a patlent 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
Gerontol 2006)



Mean MMSE score at enrolment and follow-

up, according to delirium and dementia status at
enrolment
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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

Mechanisim

Finding in AD

Potential Parallels in Delirium

ApoE4 protein

ChAT downregulation

AChE dysregulation

Cwvtokine polvimorphisins

Cytokine excess

Cholinergic neuron death: A tightly binds ApoE4,
making the latter unavailable for mobilizing
phosphatidvlcholing in ACh swihesis, ApoE4
exacerbates this by accelerating APF cleaving
o A and impairing PA clearance (55)

ChAT svithesis: Proportionally downregulated with
each APOE-£4 allele; ChAT catalvees kev step
of ACh svnthesis (56)

ACKE inhibitors: Dysregulated AChE levels cause
excess of AChE that can lead to cholinergic
deficits, AChE inhibitor drugs are currently
first-line treaiment, prolonging the effects of
ACh by preventing its hvdrolvsis, inactivation
i svnaptic clefts

IL-1a, 6 Polymorphisms in these cviokines linked
with decreased ACh synthesis (68,69)

Elevated 1L-1, TNF-2 levels: Inhibit IGF-1, which

protects against cholmergic neuron apoptosis and

deleterious A binding (64)

Cholinergic neuron apoptosis: Thiamine deficiency can
canse nenronal death by mechanisms similar 10 Apol,
depleting precursors for ACh synthesis (Figure 2, Ttem 3)
(17) Svmptomatic link: APOE-g4 allele associated with
longer duration of delirivm, poorer recovery (52,60)

Selective ChAT+ neuron mduction: By stressor-induced
cvtokine release in rat forebrains (Figure 2) (28)

ACHE inhibitors: Theoretically therapeutic, donepezil
undergoing clinical trials has not demonstrated
statisticallv significant delirium prevention, treatment
[38,539)

Decreased ACh svathesis: Due to promflammaton cviokines
released during stress (Figure 23 (70)

IGF-1 mhibition: By proinflammatory cvtokines released
during stress prevents neuroprotection of mjured brain
(Figure 2) (27}

Neote: AD = Alzheimer’s disease; ApoE = apolipoprotein E; fA = P-amyloid; APP = amyloid precumsor protein; Ach = acetylcholing; ChAT = choline
acetvliransferase; AChE = acetvicholinesterase; IL-1 = interleukin-1; TNF-2 = umor necrosis factor-a; KGF-1 = insulin-like growth factor-1.

Hshieh T et al, J Gerontol 2006



Il delirium associato a demenza (DSD) ha un

impatto significativo ed indipendente sulla
mortalita

1.1
; 1.0 | reference
} - -
. L. | I
- | 1
= .
' s
E o :___I
= S
= 1.
= 1
= 1
: =
.
.7
o 2 4 6 8 10 12

time of observation (months)

black sohd ne=no delrnum no dementia: black dotted lne=dementia

grey sohd hne= delrmum; grewv dotted lme = DSy

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



Ipotesi fisiopatogenetica

/ IL-6 activation \

Neurotoxic Dysregulation of |—3| Delirium » Dementia
damage :

l
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Melatonin
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Delirium, dementia and

brain reserve

Reyes-Ortiz C, et al, JAGS 1997



Due concetti di brain reserve

o 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 ra|n size and synapse
density (Stem, J Int Neuropsychol Soc. 2002).

e 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 injurK ﬂas 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



Does Educational Attainment Contribute to Risk for
Delirtum? A Potential Role for Cognitive Reserve

Richard N. Jones,'= Frances M. Ydrl_L., > Ying Zhang,’ D;m K. Kiely,'
Edward R. Marcantonio,”~ and Sharon K. Inouye'

e Controlling for age, sex,

Neurotosic _ dementia, comorbidity,
sventiemposure TR Delnum ety "'" pements and severity of illness,
SO S each year of completed
et ' education was associated
with a 0.91 lower odds of

delirium (95% confidence

. interval: 0.87, 0.95);
AE=s compared to persons with
HIRIEIEEEIE 12 years of education,
e EAE persons with 7 years of
| | - education had 1.6-fold
scunsioic et ot expore. s, s doneni a0 eagunding increased odds of delirium
reserve concepl. [See text for full description of annoiations.] qMﬁl (950/0 COandence |nterva|:
quantitative magnetic resonance maging: MEI functienal  magnetic 1 4 2 O)
resmance imaging; APOE = apolipoprotein E genotype; WAIS = Wechsler o= '

Adult Intelligence Scale; NART = Mational Adult Reading Test.

J Gerontol Biol Sci, 2006



Autoregulationn, C-reactive protein, S-1008, and cortisol in patients

with and without sepsis-associated delirium

Autoregulation Cortisol
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Autaragulaticn, C-raactive protsin (CRP), S-1008, and cortissl ars significantly different in patisnts with and without sspsis-associated delinum

(SAD). a.u., arbitrary unitz; My, index of carsbrovascular autoragulation. ) .
Pfister et al, Crit Care 2008



Il delirium e un’entita sindromica eterogenea (con
fisiopatologia e manifestazioni cliniche spesso differenti)

Non vi sono attualmente dati definitivi che supportino
'ipotesi che il delirium sia un‘entita 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'incapacita del paziente a
recuperare lo status quo ante, e portare a morte

attraverso meccanismi complessi € non ancora noti

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



