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Delirium motor sub-type scale-4 (DMSS)
NB: Solo per i pazienti che hanno riportato uno score =4 al 4-AT A N e W D at a pa— B a S e d

A. Sottotipo iperattivo definito dalla presenza di 1. o 2.

1. Incremento di attivita motoria, evidenziata da una risposta positiva ad una delle seguenti domande: M 0 t O r S ub t e S C h e m a
e Epiu attivo di prima*? ono Osi

e Sembra iperattivo? ono oOsi

f 1 . .

2. Perdita della capacita delle attivita. evidenziata da una risposta positiva ad una delle seguenti domande: O r D e 1 r]_ um
* Sono presenti affaccendamento motorio o attivita afinalistiche? ono oOsi
* Ha perso la capacita di controllo ideativo delle proprie azioni? ono 0Osi

David Meagher, M.D., M.R.C.Psych.
B. Sottotipo Ipoattivo, definito dalla presenza di 3. o 4. M aria M OI' an’ M- R- C- P SYCh @

3. Riduzione della velocita delle azioni, evidenziata da una risposta positiva ad una delle seguenti domande: .

e Simuove piu lentamente di prima*? ono Osi B ang aru Ra] uf M . D oy M . R' C . P SyCh .

* Tmpiega pil tempo a compiere semplici gesti rispetto a prima*? ono osi M aeve L eonar d M R C P Sy Ch

’ L ] L] L] .

4. Riduzione quantitativa dell'eloquio, evidenziata da una risposta positiva ad una delle seguenti domande: S in e a d D onne lly M . R- C . P- I-

e  Parla meno di prima*? ono Osi d

* Viéuna riduzione dell’eloquio spontaneo (ad es. parla solo se interpellato)? ono Osi Je an S alln d ers r Ph o D E
Paula Trzepacz, M.D.

C. Sottotipo misto, definito dalla presenza di entrambi i criteri per iperattivo e ipoattivo come delineato nei
punti A. e B.

D. Nessun Sottotipo, se non vengono soddisfatti i criteri delineati in A. o B

J Neuropsychiatry Clin Neurosci 20:2, Spring 2008
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Incidence and Prevalence of Delirium
Subtypes in an Adult ICU: A Systematic
Review and Meta-Analysis*

Karla D. Krewulak, PhD'; Henry T. Stelfox, MD, PhD'™; Jeanna Parsons Leigh, PhD"**
E. Wesley Ely, MD, MPH?>®; Kirsten M. Fiest, PhD'**7

TABLE 1. Incidence and Prevalence of Delirium Subtypes

Studies, Hyperactive, % Hypoactive, % Mixed, % Any Delirium, %
Characteristic n (%) (95% CI) (95% CI) (95% ClI) (95% CI)
Total patients, n 27342 895 2,080 1,575 4,550
Range
Incidence — 0-12.7 0.4-42.2 1.3-3b5.6 —
Prevalence — 0.3-20 0.5-64 1-69.5 —

Crit Care Med. 2018 Dec;46(12):2029-2035



Prevalence of hypoactive delirium according

to clinical factors
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Figure 2. Prevalence of hypoactive delirium (with 95% Cls) in different

study populations.

Crit Care Med. 2018 Dec;46(12):2029-2035



Delirium and Its Motoric Subtypes: A Study of 614 Critically

I11 Patients
Josh E Peterson, MD, MPH,™" Brenda T. Pun, RN, MSN, ACNP,*™*
Robert S. Dittus, MD, MPH,*™* Jason W. W. Thomason, MD,?

James C. Jackson, PsyD, MSe,* " Ayumi K. Shintani, MPH, PhD,*% and
| | yD, M: y
E. Wesley Ely, MD, MPH* "
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J] Am Geriatr Soc 54:479-484, 2006.



Table 2. Multivariate Association Between Patient Admission Characteristics and Psychotropic Medication Management

with Delirium Subtypes

Characteristic

Hypoactive Delirium (n = 163) Mixed-Type Delirium (n = 206)

Adjusted Odds Ratio (95% Confidence Interval)

Age
>65 — {—
<65 (reference)
Race
Black
Hispanic
White (reference)
Ventilated on admission
Acute Physiology and Chronic Health
Evaluation Il score
Psychotropic medication ordered _
Hypnotic
Opiate
Neuroleptic

3.0 (1.7-5.3)" 1.5 (0.8-2.7)
1.0 1.0

2.4 (1.3-4.4)* 1.5 (0.7-2.9)
—1 0.8 (0.1-4.0)
1.0 1.0

3.1 (1.7-5.5)" 2.9 (1.8-4.9)7

1.04 (1.01-1.07)* 1.08 (1.04-1.11)7

1.1 (0.6-1.8) 1.7 (1.0-2.8)*

1.0 (0.6-1.7) 1.7 (1.0-2.9*

1.5 (0.4-5.9) 3.4 (1.7-6.9)"

J] Am Geriatr Soc 54:479-484, 2006.



Table 1. Baseline Characteristics of the Trial Population.*

Placebo Haloperidol Ziprasidone

Characteristic (N=184) (N=192) (N=190)
Median age (IQR) —yr 59 (52-67) 61 (51-69) 61 (50-69)
Female sex — no. (%) 77 (42) 84 (44) 82 (43)
Race — no. (%) T

White 153 (83) 163 (85) 151 (79)

Black 26 (14) 23 (12) 27 (14)

Multiple races or other race 5(3) 6 (3) 12 (6)
Median short-form IQCODE score (IQR) 3.1 (3.0-3.3) 3.0 (3.0-3.2) 3.1 (3.0-3.3)
Median Charlson Comorbidity Index score (IQR)f 2 (1-4) 2 (1-3) 2 (1-4)
Received antipsychotic treatment — no. (%)

Before admission 6 (3) & (4) 11 (6)

Between admission and randomization 18 (10) 20 (10) 22 (12)
Hyperactive delirium at randomization — no. (%) 22 (12) 19 (10) 16 (8)
Hypoactive delirium at randomization — no. (%) 161 (88) 172 (90) 172 (91)




B Days with Delirium

Ziprasidone »
Haloperidol ——
Placebo >
| | | | | |
0 4 6 & 10 12 14

Adjusted Median Days (95% ClI)

N Engl J Med. 2018




Treatment vs Duration of Treatment vs Duration of

Hypoactive Delirium Hyperactive Delirium
P:0.62 P: 0.58
Ziprasidone Ziprasidone @
1.00 (0.68, 1.47) 1.09 (0.70, 1.70)
Haloperidol O Haloperidol
1.10(0.81, 1.48) 1.18 (0.86, 1.61)
Placebo Placebo
0.8 1.0 1.2 14 0.75 1.00 1.25 1.50
Odds Ratio (95% Confidence Interval) Odds Ratio (95% Confidence Interval)

Adjusted analysis using proportional odds logistic regression. Adjusted analysis using proportional odds logistic regression.

N Engl J Med. 2018



Cllnlcal phenotypes of dellrlum during crltlcal illness and

seve |
a pre

Timothy D
Rameela Cl

Prevalence Frequency Duration
among among among
participants deliriumdays  participants
(N=1040) (N=4187) affected
Any delirium 740 (71%) 4187 (100%) 4 (2-7)
Hypoxic 579 (56%) 2247 (54%) 3 (1-5)
Septic 534 (51%) 2405 (57%) 3 (2-6)
Sedative-associated 663 (64%) 2634 (63%) 3(1-5)
Metabolic 260 (25%) 1149 (27%) 3 (1-6)
Unclassified 224 (22%) 591 (14%) 2(1-3)

Data are n (%) or median (IQR).

Table 2: Prevalence and duration of delirium phenotypes

‘mpairment:

yur B Patel, Christopher G Hughes,
rnard, Robert S Dittus, EW Ely

Lancet Respir Med 2018;

6:213-22



40 Hypoxic delirium

Any delirium
30

20 Hypoxic

H + Sed

Proportion of |CU patients according to delirium subtypes (%)

H + M + Sed + Septic

1 5 10 15 20 25 30

Study day

Patients alive and 1038 905 575 353 226 145 102 1038905 575 353 226 145 102 1038905 575 353 226 145 102 1038 905 575

in hospital

Septic delirium

Any delirium

Septic
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5 10 15
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20 25 30

1

Sedative delirium

Any delirium

Sedative

H + M + Sed + Septic

5 10 15 20
Study day

25 30

Metabolic delirium

Any delirium

Metabolic
M + Septic

H + M + Sed + Septic

1 5 10 15 20

Study day

Unclassified delirium

Any delirium

Unclassified

| [ | | | |
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hination

edlines: Lancet Respir Med 2018;
theperc 6. 213-22
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Figure 2: Associations between duration of deliri
Each line graph shows the association between the
Neuropsychological Status (RBANS) at 3 months (|
discharge.

Comparison RBANS global RBANS global

cognition at cognition at

3 months 12 months
Hypoxic 3vs0days -3-85 -3.76

(7-07t0-0-64)  (-7-16to-0-37)
Septic 3vsOdays  -2:65 -3-67

(-6-05t0 075)  (-7-13t0-0-22)
Sedative-associated 3 vs 0 days -6-52 -4-03

(-9-66t0-337) (-7-80t0-0-26)
Metabolic 3vs0days 0-15 1-44

(-152t0181)  (-0-12t03.01)
Unclassified 3vsOdays  -472 —4-70

(-6-93 to-2-51)

(-7-16 to -2-25)

Data are estimate (95% Cl). The point estimates indicate the change in RBANS
global cognition score associated with the specified increase in the number of
days of the delirium phenotype according to a multiple linear regression model
that adjusted for potential confounders; because delirium phenotypes were
allowed to have a non-linear association with RBANS global cognition, the
magnitude of association depends on the comparison chosen. For all delirium
phenotypes, we generated point estimates by comparing 3 vs 0 days of the
exposure variable, chosen because these values represent the 75th to the

25th percentile values of the most common delirium phenotypes.
RBANS=Repeatable Battery for the Assessment of Neuropsychological Status.

Table 3: Point estimates of the associations between delirium
phenotypes and long-term cognition

Unclassified

| |
4 5

ubtype

|
6

0

T 1 | I
1 2 3 4 5 6

Days of delirium subtype

table Battery for the Assessment of
represented by blue shading) after hospital

Lancet Respir Med 2018;
6:213-22




Table 1. Characteristics of acutely ill hospitalized older adults, according to delirium motor subtype; 2009-2015%,

Characteristics, N (%) Total No delirium Hyperactive delirium Mixed delirium Hypoactive delirium p-value o @
1409 (100) | 752(53) 112 (8) 197 (14) 348 (25) @,PLOS ‘ ONE
Demographics g ®
(vears), mean (SD) . 83 (+9) 83 (+9) =001
e Age no difference o o) = o0n
70-79 440 (31) 264 (35) 38 (34) 49 (25) 89 (26)
80-89 558 (40) 267 (36) 45 (40) 81 (41) 165 (47)
=90 236 (17) 94 (13) 20 (18) 52 (26) 70 (20)
Female 860 (61) 451 (60) 57 (51) 116 (59) 236 (68) 006
Marital status
Married 539 (38) 313 (41) 51 (46) 66 (34) 109 (31) <.001
Widowed 657 (47) 322 (43) 40 (36) 101 (51) 194 (56)
Single 124 (9) 62 (8) 18 (16) 15 (8) 29 (8)
Divorced/ separated 89 (6) 55 (7) 3(3) 15 (8) 16 (5) ° 25 % hypoactlve
Referring unit .
Outpatient clinics 536 (38) 358 (48) 24 (21) 58 (29) 96 (28) <001 e 14 9 m|Xed
Emergency department 772(55) 351 (47) 72 (64) 128 (65) 221 (64) )
Intensive care 101 (7) 43 (6) 16 (14) 11 (6) 31 (9) ° 8% hyperact|ve
Geriatric Assessment
Polypharmacy 851 (60) 467 (62) 65 (58) 109 (55) 210 (60) 349
Admission ADLs (points)
9-12 ADLs greater 26 (13) 35 (10) <.001
58 impairment in hypo 3 (18) 68 20)
0-4 . 135 (69) 245 (70)
Depression and mixed 52 (26) 82 (24) 124
Dementia | |
Absent . . 5 (38) 102 (29) <.001
il Dementia higher prevalence |, 57 05
Moderate in hypo and mixed 5(13) 65 (19)
Severe 204 (14) | 50 (7) | 22 (20) | 38 (19) 94 (27)
Mini Nutritional Assessment - a :
Normal Malnutrition higher prevalence 21 6) <001 January 30, 2018
Risk of malnutrition |n hypo and mlxed 105 (30)
Malnutrition e, . . 222 (64)




Prognostic effects of delirium motor subtypes  _sxe
in hospitalized older adults: A prospective @PLOS ‘ ONE
cohort study

Thiago Junqueira Avelino-Silva*, Flavia Campora, Jose Antonio Esper Curiati,
Wilson Jacob-Filho

Characteristics, N (%) Total No delirium Hyperactive delirium Mixed delirium Hypoactive delirium p-value
Al e .r-nJ:u oy A A= J 19.? [14:' 3‘“[15:'
Laboratory tests Infections greater prevalence hypo
Leucocytes >11*10 cells/mm’ and mixed 60 (30) 92 (26) 002
Albumin <3.3 g/dL 843 (60) 393 (52) 77 (69) 126 (64) 247 (71) <.001
GFR (mL/min)
=60 : 89 (45 164 (47 001
. Dehydration greater prevalence 59{3{:} - ':3?} =
hypo and mixed (30) (37)
{3{! Ll L) Fd L) L 1.0} 49 {25} 5"4 {16}
Urea =85 mg/dL 328 (23) 149 (20) 17 (15) 63 (32) 99 (28) <.001
C-reactive protein 50 mg/L 560 (40) 254 (34) 51 (46) 94 (48) 161 (46) <.001

January 30, 2018



Clinical Features Associated with Delirium
Motor Subtypes in Older Inpatients:
Results of a Multicenter Study

21.5% hyperactive delirium
38.5% hypoactive

27.3% mixed delirium
12.7% non-motor subtype

Morandi A et al AJGP 2018



Factors associated with delirium subtypes

TABLE 2.

Multinomial Logistic Regression of Factors Associated with Deliriom Subtypes

Variables Odds Ratio 95% Confidence Interval Degrees of Freedome Wald > P
Hyperactive delirium
Sex (male) 3.9 1.4-10.9 1 6.74 =0.01
Dementia 3.3 1.2-8.7 1 5.77 0.02
4AT score 1.2 1.1-1.5 | 4.97 0.03
Vpoacuve delirium
Sex (male) 39 1.5-10.3 1 8.19 <0.01
Dementia 28 1.2-6.5 1 5.49 0.02
Atypical antipsychotics 0.23 0.1-0.7 I 0.55 0.01
P
Sex (male) 2.7 1.1-7.2 | 3.97 0.05
Dementia 2.6 1.1-6.2 | 4.39 0.04
4AT score 1.2 1.1-1.4 1 4.11 0.04
Intravenous lines 29 .2-6.9 | 376 0.02

Morandi A et al AJGP 2018



Understanding factors associated with
psychomotor subtypes of delirium in older

Inpatients with dementia

Out of 1057 patients with dementia 35% had delirium
« 25.6% hyperactive

« 33.1% hypoactive

* 34.5% mixed

* 6.7% non-motor subtype

Morandi A et al Under review JAMDA



A loi Subtype patterns and etiological causes irium: Relationship with other
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Fig. 3. Relationship between etiological categories rated as possible and probable and
stable or variable motor subtype patterns over the course of a delirium episode

(n=100); multiple etiologies per case are possible. Journal of Psychosomatic Research 71 (2011) 395-403



Use of medications according to delirium subtype

Table 3
Medication use over the course of delirium episodes according to stable or variable motor subtype patterns, by number of different drugs and by dose of psychoactive medications
known to have an association with delirium (means+5SD).

No subtype stable  Hypoactive subtype stable = Mixed Subtype stable  Hyperactive Subtype stable  Variable course

Medications (n) 10.6+2.2 9.943.1 10.6+4.3 92429 10.74+3.0
Psychotropics (n) 29+18 3.2+1.1 3.5+1.2 32+1.0 35+14
Benzodiazepines (diazepam equivalents) 3.945.7 4.4+6.8 5.245.6 73+6.8 6.5+8.6
Opioids (morphine equivalents) 64.5+77.0 88.1+97.2 106.7+113.9 170943435 115.4+177.6
Antipsychotics (chlorpromazine equivalents)®  45.8+81.2 26.9+52.7 183.1+256.5 47.5+116.9 62.5+111.7
Corticosteroids (prednisolone equivalents) 140+15.5 153+17.2 12.44+16.0 8.8+18.1 14.3+18.1

% ANOVA across groups differ at P=.005; Mixed>Hypoactive at P=.001; Mixed>variable at P<.01; Mixed>No subtype at P=.01.

Hypoactive Hyperactive Mixed

Less drugs More opioids and antipsychotics More opioids and antipsychotics

Journal of Psychosomatic Research 71 (2011) 395-403



Delirium Subtypes and Associated
Characteristics in Older Patients With
Exacerbation of Chronic Conditions

Neus Gual, M.D., Marco Inzitari, M.D., Pb.D., Gabriela Carrizo, M.D., Alicia Calle, M.D.,
Cristina Udina, M.D., Anna Yuste, D.N.P., Alessandro Morandi, M.D., M.P.H.

 Hyperactive delirium was the most prevalent subtype
(40.6%)

« Mixed delirium (31%)

« Hypoactive delirium (25.9%)

« Nonmotor delirium (2.6%)

Am J Geriatr Psychiatry 26:12, December 2018



Delirium Subtypes and Associated

TABLE 2. Multivariate Analyses of Delirium Subtype Risk Factors

p value wald ;(3” OR (95% CI)
a. Hypoactive delirium (versus byperactive)
Dementia 0.72 (.1 0.9 (0.4-2.10)
Nursing home resident 0.54 ().4 1.2(0.6=253
Prior Barthel” =.001 25.0 0.97(0.96—0.98)
Women (.28 1.2 1.4(0.8-2.7)
Charlson index 0.02 5.6 1.3(1.04—1.5)
b. Hypoactive delirivm (versus mixed)
Dementia 0.40 0.7 0.7(03—-1.6)
Nursing home resident 0.76 0.1 0.9(05—-1.8)
Prior Barthel” =(.001 12.7 1.02{(1.01—1.04)
c. Mixed delirium (versus byperactive)
Age (3.90) .02 1.0(0.95—=1.04)
Women 0.22 1.5 1.4(0.8—-2.4)
Malnutrition”® 0.01 6.8 20(1.2—3.%

Hvpoactive subtype ¢ i sssions adjusted for variables that are clin-
yp it differ Mixed

Barthel Index
Comorbidity

Malnutrition

fessment—5short Form.

Am J Geriatr Psychiatry 26:12, December 2018



Detection and management of hyperactive and hypoactive
delirium in older patients during hospitalization: a

retrospective cohort study evaluating daily practice

Eveline L. van Velthuijsenl, Sandra M.G. Zwakhalen', Wubbo J. Mulder?, Frans R.]. Verhey3’4 and
Gertrudis I.J.M. Kempen'

Table 4 Pharmacological, non-pharmacological, and psychosocial interventions that were employed for managing the delirium subtypes

99% confidence interval®

Total Hyperactive Hypoactive Odds

Management type (N = 401) (N = 307) N = 94) ratio Lower Upper p-value®
Medication - | 346 (86%) 274 (89%) 72 (77%) | 2.44 1.09 5.45 0.004
DOS 300 (75%) 232 (76%) 68 (72%) 1.23 0.59 2.56 0.47
Delirium consultation 267 (67%) 210 (68%) 57 (61%) 1.46 0.74 2.88 0.15
Reorientation® 0 0 1.07 0.52 2.21 0.81
Physical restraint 121 (30%) 101 (33% 20 (21% 1.86 0.87 3.96 0.03
Medication and reorientation® 39 (60%) 189 (62% 50 (53% 1.47 0.76 2.85 0.13

No interventions 16 (4%) 9 (3%) 7 (7%) 0.28 0.06 1.20 0.02

Int | Geriatr Psychiatry 2018; 33: 1521-1529



 Hypothesis of delirium subtypes mechanisms
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Mechanisms according to delirium subtypes

Intensive Care Unit

Hypoactive Hyperactive Mixed
Severity of illness Hypnotics
Mechanical ventilation Opiates
Age | Neuroleptics
Hypoxemia
Sepsis; metabolic
Sedation
Hypoactive Non Intensive Care Unit Mixed
Malnutrition Hyperactive Malnutrition
Dementia Dementia
ADL impairment Dementia ADL impairment
Infections Infections
Dehydration Dehydration
Atypical antipsychotics IV lines
IV and urinary catethers  Urinary catethers IV and urinary catethers

Restraints Antipsychotics/antibiotics




Motor subtypes of delirium: Past, present and future

DAVID MEAGHER

Age
Relative Acuity of onset Relative
Frailty
Hyperactivi Hypoactivi
v Severity of morbidity v

Organ failure

Figure 2. Determinants of motor profile in delirium.

International Review of Psychiatry, February 2009; 21(1): 59-73



« Pathophysiology of delirium and possible roles on
delirium subtypes

Morandi A et al Under review JAMDA



La fisiopatologia del delirium

DELIRIUM, A SYNDROME OF CEREBRAL INSUFFICIENCY

GEORGE L. ENGEL, M.D., AND From the Departments of Psychiatry and Medicine,
R. M. D University of Rochester, School of Medicine and
J OHN OMANO, e Dentistry, Rochester, N. V.

RocHESTER, N. Y. (Received for publication Dec. 1, 1958)

T IS a curious fact that while most physicians have a strong bias toward an
organic etiology of mental disturbances, at the same time they seem to have
little interest in and, indeed, often completely overlook delirium, the one mental
disorder presently known to be based on derangement of cerebral metabolism.




*“In the title the term “syndrome of cerebral insufficiency ”is used. This draws attention to
the basic etiology of all delirium and couches it in terms analogous to the more familiar
concepts of renal insufficiency, hepatic insufficiency, cardiac insufficiency,etc.

*As with the more familiar types of organ insufficiency, this refers to what evolves when the
function of the organ as a whole is interfered with, for whatever reason.

‘Whether applied to the liver, kidney, or brain, this can be reduced to two basic underlying
processes, namely, the failure of metabolic processes to maintain the function of the organ

or the loss through death of enough functioning units (cells) to render the function of the
organ insufficient.

DELIRIUM, A SYNDROME OF CEREBRAL INSUFFICIENCY

. EL, M.D., AND From the Depariments of Psychiatry and Medicine,
GEOR(:{E L ENGM b ’ University of Rochester, School of Medicine and
Joun Romawo, e Dentistry, Rochester, N. ¥.
ROCHESTER, N. Y.

(Received for publication Dec. 1, 1958)



La fisiopatologia del delirium: le sette ipotesi

Precipitants of Delirium | |

(e.g., infection, trauma, anesthatics, surgery, hypoxia, hypoglycemia,
metabaolic derrangements)

1 1

. Neuroinflammation / Oxidative Stress
! ‘ | | Y
. 1 Neuroendocrine Melatonin
Aging "" Abnormalities Dysregulation
b A 4 l h 4

Neurotransmitter F i

Disconnectivity / i Dysregulation "‘

? 1 [

Maldonado J. Am J Geriatr Psych 2013



“The neuroinflammatory hypothesis (NIH)”

Acute peripheral inflammatory
stimulation

Induces activation of brain
parenchymal cells and expression of
proinflammatory cytokines and
Inflammatory mediators in the
central nervous system(CNS) that
Induce neuronal and synaptic
dysfunction and subsequent
neurobehavioral and cognitive
symptoms characteristic of delirium.

LH/FSH

Progesterone Bone ode.
Testosterone Marrow
DHEA

Immune System
(Cells & Organs)

Maldonado J. Am J Geriatr Psych 2013



“The NIH intersects with the Neuronal Aging Hypothesis (NAH)
because it has been shown that microglia, the major macrophage
population of the brain, are primed by prior neurodegenerative
pathology to respond more robustly to systemic inflammatory
signals.”



Cytokines, Acetylcholine, & Delirium
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Van Gool WA, et al. Lancet 2010;375:773-5



Cytokines, Acetylcholine, & Delirium

Old age, incipient neurodegenerative disease

Systemic
infection Reduced cholinergic

Inhibition of microglia
< -

v e >
TNFa TNFa -
> T e -

*TNFOL

Primed microglia *‘ | P Neurodegeneration

Overactivated microglia

v

Dementia

v

Severe, prolonged delirium

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



Cunnigham C Biochem Soc Trans 2011



Neuroinflammation in Alzheimer’s
Disease and Prion Disease

P. EIKELENBOOM,'=* C. BATE,” W.A. VAN GOOL? J.JM. HOOZEMANS*
JM. ROZEMULLER,” R. VEERHUIS,* anp A. WILLIAMS?

In animal studies, an inflammatory response -evaluated
with proinflammatory cytokines- was linked to reduced
cholinergic activity, which was associated with a
hyperactive behaviour

GLIA 40:232-239 (2002)



“The neurotransmitter hypothesis”

TABLE 4. Theorized Neuwrcheimmdcal Mechanisins Associated with Comnditions Leadiing o Delisoin

Dralirium
Source ACH | DA GLLU GABRA SHT NE Trp Pha Hiis Cytak | HPA MK DA Changes | EEG | Mel | ™™™ | cort
axis activity in RBF

Anoxiahypoxia + + + ™ + + e "™ b ik o L L + L + +
nging | * + + + + * [ ¥+ | &+ %L + I HEEE *
TBI + |+ + T + + + + + L + - + ¥ ¥ | r-]| *
CVA <+ + ™ T+ s > > ~ + ~dL + > L + < P "
Hepatic Failure 2 + + T+ + + ™ "™ bl 4k 3L L 1k + L g T +
{encephalopathy)
Sleep deprivation *
Traurma, Sx, b
& Post-op
ETOH & CNS-De + . . . .
Withdrawal The most commonly described neurotransmitter changes associated with
nfectionssepsie | ¥} daljrjum are:
Dehydration & = o ono
Electrolyte - Reduced availability of Ach (Ach);
Imbalance
redien! Moo v+ || - Excess release of DA ( DA), NE ( NE), and/or GLU ( GLU);

- Alterations (e.g., both a decreased and increased activity depending on
circumstances and etiological factors) in 5HT ( 5HT), histamine ( H1 and
H2), and/or GABA ( GABA)




ZJ. L. Delirium: acute confusional states.: New York: Oxford University
Press; 1990.



Motor subtypes of delirium: Past, present and future

DAVID MEAGHER

Hyperactivity

Hypoactivity

International Review of Psychiarry, February 2009; 21(1): 59-73



Drugs and possible effects on DA and Ach
EVES

Commonly Used Antipsychotics - Receptor Binding Profiles
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Flaherty JH 2011 JAGS 59: S269-276



The interaction between the neuroinflammatory hypothesis and the

neurotransmitter hypothesis

Phenylalanine Tryptophan
1 |
Tyrosine Serotonin
3 |
Dopamine
| Melatonin

Norepinephrine

4

Epinephrine




Periphery Central Nervous System Blood Brain Barrier Cells

ITr}'ptuphanl | ptophan I |Try'ptﬂ|]han |

Rate limiting step via either: Rate limiting step: Rate limiting step:
1. Indoleamine- 2,3- dioxyvgenase [T} Filal Ty

Upregulated by INF-y, alsa: [L-1, 1L-12, LPS, TNF-x Upregulated by INF-y, also: Upregulated by INF-v, also:
IL-1, IL-12, LPS, TNF-ou IL-1, IL-12, LPS, TNF-at

oar

2. Tryprophan- 2,3- dioxygenase (TDO)

w

v
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Kynurenine

Kynurenine KYNURENINE

Endothelial Cells, Pericytes®
Secreted basolaterally (towards the brain
parenchyma) when [0 is upregulated.

Crosses the BBB well

N w

v

Additional metabolites

{depicted in pathway to the right) Astrocytes™

Macrophs ells of il MMDA antagonism/ neuroprotective. ienerates superoxide and HxOhwhich causes free radical ¥

= ::I:I::id_l'hl'ltﬁn h.;é ‘,'L formation and oxidative protein damage.

onocylic ce eage . _— "

A _ Ciid

Do not eross the BBB well. Picolinic Acids

Mot easily measured. 4 ——

3-hvd ranthranilic acid {secondary to production by Microglia
=Ny aroxy:an ramiumc aca within the CNS)

Kynurenic Acid I-hydroxykynurenine

Microglia™™
Cenerates superoxide and HaOpwhich causes free radical
formation and oxidative protein damage

Key: I
* produce this preferential by

** produce this preferentially, but also produced by
perivascular macrophages: Microglia {(and other cells of the
monoeytic lineage) can also uptake compounds along the
kynurenine pathway o produce neurctoxic metabolites, as they
POSSCES all NCCCESSATY CNEYICS,

Picolinic Acids Quinalonic Acid

Microglia** Microglia**

MMDA: N-methyl-D-aspartic acid MMIDA agonism’ excitotoxicity (although MM DA agonism excitotoxicity, lipid peroxidation,
BBB: Blood brain barrier less so than guinolinic acid), activation of reactive oxygen species, impaired astrocyie
macrophages. glutamate uptake (further excitotoxicity)

CNS: Central nervous system

Meurons will also uptake quinolinic acid, further
leading to neurcnal injury and apopiosis.

(Crit Care Med 2012; 40:835—841)



The network disconnectivity hypothesis (NDH)

Thus, the NDH proposes that delirium results from an acute
breakdown in network connectivity within the brain.
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Advancing the Neurophysiological Understanding of Delirium

Moubsin M. Shafi, MD, PhD,*"* Emiliano Santarnecchi, PbD,* Tamara G. Fong, MD, PhD,”#$
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Brain network disintegration as a final common pathway for delirium: a
systematic review and qualitative meta-analysis

S.J.T Vientink™', C.W. Kraan™',
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Included precipitating risk factors for delinum: coma; renal failure; sedation; neurotrauma
Included predisposing risk factors for delirium: aging; cognitive impairment. dementia; depression: hearing impairment: (history of) stroke; visual impairment

MNeurolmage: Clinical 23 (2019) 101309



Conclusions
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Mechanisms according to delirium subtypes

Intensive Care Unit

Hypoactive Hyperactive Mixed
Severity of illness Hypnotics
Mechanical ventilation Opiates
Age | Neuroleptics
Hypoxemia
Sepsis; metabolic
Sedation
Hypoactive Non Intensive Care Unit Mixed
Malnutrition Hyperactive Malnutrition
Dementia Dementia
ADL impairment Dementia ADL impairment
Infections Infections
Dehydration Dehydration
Atypical antipsychotics IV lines
IV and urinary catethers  Urinary catethers IV and urinary catethers

Restraints Antipsychotics/antibiotics




