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DELIRIUM

DSM IV

A. Alteration of consciousness: decreased interaction with the environment,
attention and concentration difficulties

B. Impairment of one or more cognitive functions:
— Speech
— Memory
— Disorientation in space and time
— Thinking/judgement

C. Onsetsudden or rapidly progressive, fluctuating symptoms

D. Secondary to:
— Medical illness
— Drugs toxicity
—  Withdrawal




INCIDENCE

Dubois, ICM 2001 Med-chir, n=216 Delirium (ICDSC) 19%

Ely, CCM 2001 Med, n=48 Delirium (CAM- 60%
ICU)

Ely, Crit care 2003 Med non ventilés, n=261 Delirium (CAM- 48%
ICU)

Woods, ICM 2004 Med, n=143 Agitation (MAAS) 16%

Ely, JAMA 2004 Med et USIC, n=224 Delirium (CAM- 82%
ICU)

Jaber, Chest 2005 Med-chir, n=211 Agitation (Ramsay) 52%

Ely, ICM 2007 Chir-Trauma, n=100 Delirium (CAM- 70%
ICU)

Ely, JAMA 2007 Med-chir, n=106 Delirium (CAM- 80%
ICU)

Ouimet, ICM 2007 Med-chir, n=820 Delirium (ICDSC) 32%




- DISTRIBUTION

Figure 2. Dally Neurolagic Status of 275 Patients in the ICL), Through the First 14 Days of the Study
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Early occurrence




MORTALITY

Ely etal - JAMA - 2004




MID-TERM COGNITIVE DECLINE

225 Post-operative patients

Saczynski et al = NEMJ - 2012




MID-TERM COGNITIVE DECLINE

77 Medical ICU patients

Girard et al — Crit Care Med - 2010




Pandharipande et al - NEJM - 2013




Percent of Patients in Age Category
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DELIRIUM TYPES

B 65 Years and Older (N=155)
Younger than 65 (N=459)

Hyperactive delirium: agitation,
restlessness, emotional lability

Hypoactive delirium: withdrawal,
flat affect, lethargy and decreased

responsiveness

All Delirium Hypoactive Hyperactive

Delirium Subtype during Medical Intensive Care Unit Admission



All agitated patients are not confused
Most confused patients are not agitated

However, there are some common causes
and risk factors between agitation and
delirium




DELIRIUM SCALES

Sedation/Agitation :
- RAMSAY
- Richmond Agitation Sedation Scale (RASS)

- Adaptation to the Intensive Care Unit Environment
(ATICE)

Delirium :
- Confusion Assessment Method for the ICU (CAM-ICU)
- Intensive Care Delirium Screening Check-list (ICDSC)

MUST BE COMPLETD BY
1. AFULL NEUROLOGICAL EXAMINATION (focal sign, neck stiffness...)
2. EEG







|CU Delirium Screening Checklist

Items
Altered level of consciousness (if A or B, do not complete patient evaluation for the
period)
A: No response, score: none
B: Response to intense and repeated stimulation (loud voice and pain), score: none

D: Normal wakefulness, score: 0

E: Exaggerated response to normal stimulation, score: 1
Inattention (score: 0 to 1)
Disorientation (score: 0to 1)
Hallucination-delusion-psychosis (score: 0 to 1)
Psychomotoragitation or retardation (score: 0 to 1)
Inappropriate speech or mood (score: 0 to 1)
Sleep/wake cycle disturbance (score: 0to 1)
Symptom fluctuation (score: 0 to 1)




DIFFERENTIAL DIAGNOSES



DELIRIUM: IMPAIRED
NEUROTRANSMITERS BALANCE

Medwcations Medications
Alcohol withdrawal Medical iliness
Medications \ J Surgical Ibness
Stroke \ Benzodiazepine and
. . _ / Alcohol Withdrawal
Cholinergic Cholinergic
Y Aclwatmn Inhlhul'.mn ,./
Dopamine Reduced
Activation | L GABA Activity
Cytokine GABA Benzodazepines
Excess / Aﬂhvahﬂn = Hepatic Failure
Serotonin™ Dellrlum
Activation Glutamate
Samtnmn G sy \ctvation
Deficiency Excess \
Substance withdrawal Tryptophan depletion Hepatic fadure
Phenyalanine elevation ool Alcohol withdrawal
Ghmm 5
Cushings Syndrome
Surgical liness Surgery

Medical lliness SHoke



BRAIN STRUCTURES

* Hippocampus and frontal cortex
— Acute brain dysfunction
— Long-term cognitive dysfunction
— But not mortality

e Concept of Brainstem Dysfunction
— Mortality
— Impaired arousal




RISK FACTORS

HOST FACTORS FACTORS OF CRITICAL ILLNESS
Age (older) Acidosis
Alcoholism Anemia
APOE4 Fever/infection/sepsis

(Pre) Dementia Hypotension

Depression Metabolic disturbances (for example,
g sodium, calcium, BUN, bilirubin)

Hypertension Withdrawal syndrome

Respiratory disease/ congestive heart

Smoking failure

Vision/hearing

) ) High severity of illness
Impairment

IATROGENIC FACTORS
Immobilization
Medications (opioids, bzd)
Antibiotic

Steroids

Sleep disturbances

Dehydration, dyspnea




PREDELERIC SCORE

Van den Bogaard et al - BMJ - 2012




The association of intraoperative factors with the
development of postoperative delirium.

PATIENTS AND METHODS:
We studied 1,341 patients > 50 years admitted for major elective
noncardiac surgery.

RESULTS:

o Postoperative delirium: 117 (9%b) patients.

 Route of anesthesia and intraoperative hemodynamic complications
were not associated with delirium.

» Delirium was associated with greater intraoperative blood loss, more
postoperative blood transfusions, and postoperative hematocrit <30%o.
After adjusting for preoperative risk factors, postoperative hematocrit
<30% was associated with an increased risk of delirium (odds ratio =
1.7, 95% confidence interval 1.1-2.7).

Am J Med - 1998




POST-OPERATIVE DELIRIUM

Robinson et al — Arch Surg - 2011




IMPLICATION OF SEDATION,

SLEEP and SEPSIS IN ICU
DELIRIUM




SEDATION
(very confusing!)

Reduced

sedation DXM Daily interruption
BzZD (vs BZD)

(Dose/duration)

+ 0
DELIRIUM “m————— Dellusional memories
7 ’ " 4
// ) +
R Absence of
Comfort/amnesia ? sedation

Physiotherapy



SEDATIVES ET ANALGESICS

able 2. Daily and Cumulative Doses of Sedative and Analgesic Medications
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Richard R. Riker, MD
Yahya Shehabi, MD

Paula M. Bokesch, MDD
Daniel Cerazo, MD

Wayne Wisemandle, MA
Firas Koura. MD

Patrick Whitten., MD
Benjamin D. Margolis, MD
Daniel W. Byrne, MS Table 2. Efficacy Outcomes in Patients Treated With Dexmedetomidine vs Midazolam
E. Wesley Ely, MD, MPH No. (%)

Dexmedetomidine vs Midazolam
for Sedation of Critically lll Patients

A Randomized Trial

JAMA. 2009:301(5):4589-459

Marcelo G. Rocha, MD I[}mm edetomiding Midazolam | P
for the SEDCOM (Safety and Efficacy : Dutgnma (n = 244) (n =122) Value
{}I'.|'Jv.‘{nwt|vl{.}n1it|inj* Compared With Tn-?éggﬁ;ﬁzgfg -rl-a'ﬂ??ﬂean. g 3 754
Midazolam) Study Group Patierite completing all daily arousal 225 (02 1083 B4.3)
aEsassmants
Fatiarts raquiring study drug 222 (M) 112 [91.8)
irtemuption to mairtain RASS scors
-2 to +1
Duration of shudy drug treatmeart, AL02.0-5.2) 412851
median (GF), d
Time to extubation, median (25% ), dP 3.7 (3.1-4.0) 564650
ICU length of stay, median (95% CI), d© 5.0(5.7-7.0) 76 (B.7-BE)
Dialiriuirm
Pravalencs 132 (54) 03 (76.6)
Mesan dalirum-frea days® 25 1.7
Mo, traated 153 (B3 0 {40y
Diose, median (IOF), mgkg 0,00 (0.08-0.23) 041 (0.08-0.28)
Fartaryl uss
Mo, traated 180 (73.8) o7 (70.5)
Diosa, meadian (I3R), poskgd 6.4 (1 8-26.3) O (2.0-288)




o The JAMA Network

From: Dexmedetomidine vs Midazolam or Propofol for Sedation During Prolonged Mechanical Ventilation: Two

Randomized Controlled Trials

JAMA. 2012;307(11):1151-1160. d0i:10.1001/jama.2012.304

Table 3. Patients’ Arousability, Ability to Communicate Pain, and Ability to Cooperate With Nursing Care

Adjusted Mean Estimate (95% CI)
Proferred Estimate of
Dexmedetomidine Usual Care P Value® Difference (85% Cl)
Dexmedatomiding vs midazolam (MIDEX) n= 249) n= 251)
Total VAS sconel 49.7 (45510 53.8) 0D0EP591034.1) < 001 19.7 (152 10 24.2)
Can the patient communicate pain? 46.3 (41.7 to 50.9) 24.2(19.7 0 28.8) <1001 221017110 27.1)
How arousable is the patient? 58.2 (53.7 to 62.6) 40.7 (36.3 1o 45.1) <, 001 175(12.7 10 22.3)
How cooperative is the patient? 44,8 (40,3 1o 49.2) 25,7 (20.8 1o 29.5) = 001 19.7 (14.8 to 24.5)
Dexmedetomidine vs propatal (PRODEX) n=251) (n = 247)
Total VAS scoreb 51.3 (46.9 to 55.7) 40.1 (35.7 to 44.8) <,0M 11.2 (6.4 to 15.9)
Can the patient communicate pain? 463 (44.5t0 54.2) 35.4 (30.5 to 40.4) <00 13.9 (8.7 to 19.1)
Howe arousabla is the patent? £9.1 (54.7 to 63.4) 47 .8 (43.4 10 52.3) =001 11.2 (6.5 to 16.0)
How cooperative is the patient? 47.2 (423 10 52.2) 38.0 (33.01t0 43.0) <001 9.2 (3910 14.5)

Abbresdation: VAS, visual analogue scale,

B Armdysis of covartancs with effects for trestment, counbry, and basoline values,

A highes SO0n: represents & beler olleomms

Date of dow nload: 8/26/2013

Copyright © 2012 American Medical
Association. All rights reserved.



A protocol of no sedation for critically ill patients receiving
mechanical ventilation: a randomised trial

Thomas Stram, Torben Martinussen, Palle Toft

Lancet 2010; 375: 475-80

Mo sedation {n=55)

Sedation (n=58) p value

Dayswithout mechanical ventilation (from intubation to day 28) 138 (1100, 18.0 {0-24-1) 9.6 (10-0% 69 (0-20.C) 00191+
Length of stay (days)

Intensive care unit 131(67-% 28(11.7--)% 00316 §

Hospital 34 (17-65) L (33-8C) 0003959
Mortality

Irtensive care unit 12 (22%) 22(389%) 0-06

Hospital 2036%) 27 (%) 0.27
Dirug doses (mglkg)|

Propafal (per h of infusion** 0 (=0.616) 0773 (0164-1.648 ) 00001

Midazclam (per hof infusion) 00 L0034 (0-0.0240) 00001

Morphire (per h of mechanical ventilation) 00048 (0-0014-0.0111) D0046 (0.0020-0.0064) 0-39

Halopsridol {per day of mechanical ventilation) 0000145 000 00140
Tracheostomy 16 (29%) 17 (29%) 0-9a
Veritilator-assodated preumonia B {11%) 7 (12%) 0-86

Delirium (DSM 1V) 20% 4% 0.04




Daily sedation interruption in mechanically ventilated critically ill
patients cared for with a sedation protocol: a randomized
controlled trial.

OBJECTIVE:
To compare protocolized sedation with protocolized sedation plus
daily sedation interruption in critically ill patients.

INTERVENTION:

Continuous opioid and/or benzodiazepine infusions and random allocation
to protocolized sedation (n = 209) (control)
or to protocolized sedation + daily sedation interruption (n = 214).

RESULTS:
Rates of delirium were not significantly different between groups (53.3% vs 54.1%;
relative risk, 0.98; 95% CI, 0.82-1.17; P =.83).

Mehta et al - JAMA - 2012




SEDATIVES METABOLISM

OBJECTIVES:
To compare biological and drug treatment characteristics in patients with coma and/or
delirium while in the ICU.

PATIENTS AND MEASUREMENTS:

In 99 patients receiving IV fentanyl, midazolam, or both, we evaluated:
1-drug doses, covariates likely to influence drug effects (age, body mass index,
and renal and hepatic dysfunction);

2- delirium risk factors;

3- concomitant administration of CYP3A & P-glycoprotein
substrates/inhibitors;

4- ABCB1, ABCG2, and CYP3A5 genetic polymorphisms;
5 - fentanyl and midazolam plasma levels.

CONCLUSIONS:

Coma is associated with fentanyl and midazolam exposure; delirium is unrelated to
midazolam and may be linked to inflammatory status.

These data suggest that iatrogenic comaand delirium are not mechanistically linked.

Skrobik et al — Crit Care Med - 2013




EFFECT OF SEDATION ON

BRAINSTEM REFLEXES




EFFECTS OF SEDATION

o Severe septic or critically 1ll patients often
require sedation

e Sedation iIs a risk factor for delirium

e How to detect acute brain dysfunction In
sedated critically ill patients?




DESIGN

Non brain injured critical ill patients

[12-24h] Every day Discontinuation vsenin 3 days
of sedation

1st N.E N.E Coma/Delirium

Reproducibility of neurological examination was satisfactory

Sharshar et al — Crit Care Med — 2011




NEUROLOGICAL ASSESSMENT

GLASGOW COMA SCALE

Eyes response Motor response Verbal rr ‘oonse

FOCAL SIGNS
BRAINSTEM RESPONSES

Comparison between right
and left body
1. Motor responses to order
or painful stimulation
2. Limbs tone
3. Tendon reflexes
4. Plantar reflex

Eyes spontaneous movement
Eyes position
Oculocephalogyre response
Pupillar size

Pupillar light reflex

Corneal reflex

Grimace

Cough reflex

ONOURWNER




NEUROLOGICAL EXAMINATION

12-24H OF SEDATION Fitting set Validation set

Number of patients 72 72
Midazolam (mg/kg) 0.9(0.6t0 1.8) 1.3 (0.8 to 2.0)
Subfentanyl (ug/kg) 2.0. (0.81t04.0) 2.0 (0.7 to 4.6)
sedation to inclusion (hours) 12 (12-24) 12 (12-24)
ATICE (from 0 to 20) 9 (9to 10) 9 (9to 10)

RASS Not tested -4 (-4 10 -2)
Blinking to strong light (%0)

Absent eye movement (%)

Myosis (%) 45 (63) 38 (54)
Pupillary light response (%0) 51 (71) 58 (82)
Corneal reflex (%) 65 (90) 66 (92)
Oculocephalic response (%0)

Cough response (%0) 36 (51) 60 (83)
Grimacing (%) 41 (57) 48 (69)




28-DAYS MORTALITY

Multiplelogistic model

RESPONSES ASSESSED BETWEEN THE 12™ AND 24" H OF SEDATION

_ Fitting set Validation set

| [Tomewwon [ P | or@wc) | P
SAPS-I1 at inclusion 1.06 (1.02 to 1.09) 0.003 |1.03(1.00to1.07) | 0.051

Absent cough response 7.80 (2.00 to 30.4) 0.003 5.44(1.35t022.0) 0.017

C-index (SE) 0.836 (0.055) 0.743 (0.067)

Sharshar et al — Crit Care Med - 2011




ALTERED MENTAL STATUS
(after discontinuation of sedation)

Multiplelogistic model

RESPONSES ASSESSED BETWEEN THE 12™ AND 24t hours of sedation

_ Fitting set Validation set
- [Tomewen | e | omewoy | P

SAPS-11 at inclusion 1.04 (1.00 to 1.07) | 0.058 | 1.03 (0.99 to 1.08)

Absent oculocephalic response 4.49 (1.34to 15.1) 0.015 5.64 (1.63to 19.5) 0.006

Sharshar et al — Crit Care Med - 2011




NEUROLOGICAL EXAMINATION

Feasible, reproducible and interpretable
Enables to detect focal neurological sign

Enables to estimate critical illness severity (cough
reflex)

Enables to identify patient at risk to develop
delirium after sedation discontinuation
(Oculocephalogyre response) - Titration of
sedation?

Sharshar et al — Crit Care Med - 2011




NEUROLOGICAL PROFILES

Classl Class 2 Class 3
n (%) 68 (35%) 81(41%) 48 (24%) P
GCS Eyes response 1(2to 3) 1(1tol) 1(1tol) < 0.0001
GCS Motorresponse 4 (4 to 6) 1(1tol) 1(1tol) < 0.0001
Myosis 30 (44) 46 (57) 39 (81) 0.026
Pupillar light reflex 64 (94) 70 (86) 28 (58) < 0.0001
Corneal reflex 68 (100) 77 (95) RIN () < 0.0001
Oculocephalogyre reflex 55 (81) 45 (56) 2 (4) < 0.0001
Grimace 63 (93) 61 (75) 0 (0) < 0.0001
Cough reflex 65 (96) 68 (84) 24 (50) < 0.0001

Rohaut et al - Submitted




NEUROLOGICAL PROFILES

Class 1

Class 2

Class 3

P

Median (IQR); n (%0)

84 (48)

74 (33)

)

Nidazolam infusion rate

4.9 (3.1)

6.1(4.0)

6.0 (4.1)

0.17

Midazolam cumulative dose

1.7 (1.6)

1.6 (1.7)

1.5 (1.3)

0.83

Sufentanyl infusion rate

10.1 (7.6)

13.8 (11.0)

13.1(10.6)

0.073

Sufentanyl cumulative dose

3.6 (3.1)

3.6 (4.3)

3.5(3.3)

0.71

Age

61 (51 to 78)

68 (55 to 80)

74 (63 to 82)

0.009

Sexe (%)

32 (47)

30 (37)

18 (38)

0.42

SYARNEN

47 (33 to 60)

56 (40 to 75)

58 (47 to 72)

0.006

RASS

-2 (-4 10 -2)

-5 (-5 0 -4)

-5 (-5 0 -5)

< 0.0001

Sepsis (%0)

48 (71)

61 (77)

37 (79)

0.54

Coma (%)

7 (1)

13 (19)

11 (28)

0.08

Delirium (%)

25 (41)

35 (51)

19 (51)

0.45

Coma & Delirium (%)

29 (47)

43 (62)

27 (71)

0.041

|CU mortality (%0)

15 (22)

23 (30)

30 (62)

< 0.0001

Rohaut et al - Submitted




HYPOTHESES

Continuum?
-----------------» Revers'blhty’)

Continuum : process posteriorly spreading from the area postrema
(deprived from BBB, neuro-inflammatory signaling)



HYPOTHESES

- Difference in SAPS-I11 _ _ .
- Neuro-inflammatory process starting at the level of - No difference in term of sedatives dose

the area postrema (posterio localisation, no BBB) _ effect of sedation reduction on

profil C or D?

-Animal studies

Neuro-inflammation
Sensitivity to
sedation

- Difference in age

- Aging? Animal studies?




CONCEPT OF BRAINSTEM
DYSFUNCTION

\\

> RAAS dysfunction » Delirium

Abolition of oculocephalic
response

Neuronal apoptosis of LC

Multifocal necrotizing _/
leuk oencephalopathy /
} Autonomic dysfunction

Abolition of cough reflex )
He modynamic

Impaired HR/BP variability failure

Neuronal apoptosis

Sharshar et al - CCM - 2002; Sharshar et al Maladaptative
— Lancet — 2004; Pandharipande et al — CC - immune response
2011; Annane et al - AJRCCM - 1999; Tracey

et al — Nature Review Neuroci




EVOKED POTENTIALS




EVOKED POTENTIALS

Without
Delirium
N= 15 (25)

Delirium
N= 26 (43)

Survivors Dead
N= 36 (60) N=24 (40)

Increased All patients
Latency (%0) N=60

P14

29 (48)

N20

33 (56)

P14-N20

Cough reflex

26 (43)

12 (33)
15 (42)
13 (36)

17 (71)
18 (75)
13 (54)

3 (20)

10 (12)

6 (40)

11 (23)

8 (53)

6 (31)

21 (35)

10 (28)

11 (46)

5 (33)

6 (19)

26 (43)

13 (36)

13 (54)

5 (33)

12 (19)

14 (23)

8 (22)

6 (25)

2 (13)

9(8)

5 (19)

19 (32) 5(33)
OCR reflex 31 (52) 15 (42) 16 (67) 6 (40) 13 (23)

Sepsis: 55 (91); Age: 62 £ 15; SAPS-I1: 50 £18 Azabou et al - Submitted




POTENTIELS EVOQUES COGNITIFS

N=40 critically ill sedated patients

100

90
80
70
60
50
m Arousal

40 Non-arousal
30
20
10

0

P300 + P300 - N100 + N100 -

Pourcentage



SLEEP

Weinhouse et al — Crit Care - 2013




SEPSIS

. Sepsis I1s an independant risk factors for agitation
(Jaber et al — 1ICM - 2003)

. Sepsis 1S a major cause of delirium (Ely et al —
JAMA - 2004) ~ 50%

. Encephalopathy is occuring in 32 to 60% of septic
patients (Eidelman et al -JAMA -1996)




PATHOPHYSIOLOGY

Cytokines

Neuroinflammatory process NO

(Delirium => neurodegenerative)
40% mortality

Ischemic process
(Delirium/focal => vascular dementia)

60% mortalit
’ Y (Polito et al 2013, Sharshar 2007, Sharshar 2004)

Neurotoxic process (Delirium =>

neurodegenerative) el




NEUROINFLAMMATORY
PROCESS

EXPERIMENTAL OR CLINICAL DEMONSTRATION

Endothelial activation
Alteration of blood-brain barrier

1. Role of TNFa

2. Role of complement

Brain expression of cytokines and INOS
4. Microglial activation
1. Amplification of neuro-inflammatory process
Brain cells oxidative stress MINOCYCLINE
Brain cell apoptosis
Alteration of neurotransmission




ISCHEMIC PROCESS

1. Macrocirculatory dysfunction
1. Systemic hypotension or decreased blood flow
2. Impaired autoregulation
2. Microcirculatory dysfunction
1. Role of TNFa
2. Role of complement
3. Clotting disorder

Taccone et al — Crit Care - 2010




CEREBRAL BLOOD FLOW

CONTROVERSIAL

Cerebral blood flow, cerebral vasomotor reactivity,
autoregulation and cerebral metabolic rates have been
shown to be decreased or preserved In experimental

sepsis and In septic patients.

Should we monitor and “optimize” cerebral blood
flow In patients with septic shock?

Crit Care - 2010; Siami et al - Crit Care Clin - 2008




NEUROTOXIC PROCESS

SAE is characterized by EEG abnormalities
Some EEG patterns are associated with outcome
SAE results from neurotransmission impairment
Sepsis impairs long-term potentiation

Evidence of neuronal apoptosis

ANTI-EPILEPTIC DRUGS?
(Levetiracetam)

Sharshar et al — Lancet — 2004
Oddo et al — Crit Care Med - 2009




Systemic circulatory

dysfunction Stroke

CBF regulation impairrient
Microcirculatory dysfunction

Endothelial activation

( @ Astrocytes

dysfunction

wﬁoxmty MAic/m'glial activation

Inflammatory mediators
Neurotoxic factors

Liver dysfunction
vAG
Metaboliddisturbances

L v Q
® Neuronal dysfunction/death _

41. » Adjunctive factors _ _ _
P A @ Mitochondrial dysfunction




TREATMENT

No specific treatment other than control of sepsis

Persistence or reappearance of delirium often indicates
that the sepsis is uncontrolled

Cerebral effects of accepted treatments of septic shock
1. Activated protein C ? (Effect on endothelial activation)
2. Corticosteroids? (decrease in PTSD, effect on BBB)
3. Insulin? (neuroprotective?)




COMPORTEMENT DE MALADIE
REPONSE A L’ AGRESSION

ENCEPHALOPATHIE




CONCEPT OF SICKNESS BEHAVIOR

e Sickness behavior i1s a major, highly preserved and
adaptive component of response to stress.

« The sickness behavior includes stereotypical changes:
anxiety, immobility, somnolence, starving, autonomic and
neuroendocrine changes etc...

It involves the amygdala and hippocampus and Is
mediating by specific structures: circumventricular organs
and vagal nerve .

Dantzer et al — Nat Neurosci Rev-2008




PHYSIOLOGICAL BRAIN SIGNALLING

Sickness behavior

Adapted autonomic and neuroendocine response

O
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Vagal nerve

Circumventricular organs
(no BBB)
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Dantzer et al — Nat Rev Sci - 2008




OVLT DYSFUNCTION

Impaired vasopressin secretion during an osmotic challenge and thirst perception
In post-acute and recovery phases of septic shock; related to hyperplarisation of
osmoreceptors, located in OVLT

Post-acute phase Recovery phase Recovery phase

Vasopressin (pg/ml) Natremia (mmol/l)

155

B ronreroNDRRS

150
B reroroEURS

145

135

\. NON REPONDELRS
B reroncEURS

0- 130

PO P1 P2 P3 P4 PO P1 P2 P3 P4
A sham e Baor o C Osham mcLp
- - g o } oI 'S0 > | Patch-Clamp: Hyperpolarisation
§ O ———==F 2|17 of OVLT neurons in CLP
£ ", e v < g . . .
g S § § Siami et al — Crit Care Med — 2010
. I/ _g - -
L1/ g = 5 Siami et al — Plosone — 2013
8-~ 60 * o0 Siami et al — in process




ANXIETY & FEAR
(patients with GBS)

N (%) 100 -

80 -
= No MV
60 - m MV
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Sharshar et al — BMJopen access-2012




PANICU PROJECT:

TO ASSESS THE PROGNOSIS VALUE
OF ANXIETY AT ADMISSION IN ICU




Ilwashyna et at — JAMA - 2010




Bidirectional Relationship between
Cognitive Function and Pneumonia

Swallowing dysfunction?
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Effects of patient-directed music intervention on anxiety and sedative
exposure in critically ill patients receiving mechanical ventilatory support: a
randomized clinical trial.

OBJECTIVE:
To test whether listening to self-initiated patient-directed music (PDM) can reduce
anxiety and sedative exposure during ventilatory support in critically ill patients.
DESIGN, SETTING, AND PATIENTS:
Randomized clinical trial that enrolled 373 patients from 12 intensive care units
(ICUs).
INTERVENTIONS:
Self-initiated PDM (n = 126) with preferred selections tailored by a music therapist
whenever desired while receiving ventilatory support, self-initiated use of noise-
canceling headphones (NCH; n = 122), or usual care (n = 125).
RESULTS:
Patients in the PDM group had an anxiety score that was 19.5 points lower
(95% Cl, -32.2 to -6.8) than patients in the usual care group (P = .003).
PDM significantly reduced both measures of sedative exposure.
By the fifth study day, the PDM patients received 2 fewer sedative doses
(reduction of 38%) and had a reduction of 36% in sedation intensity.

Chlan et al - JAMA 2012




SLEEP

OBJECTIVES:
To determine if a quality improvement intervention improves sleep and delirium/cognition.
DESIGN:
Observational, pre-post design.
PATIENTS:
300 medical 1CU patients.
INTERVENTIONS:

This medical ICU-wide project involved a "usual care" baseline stage, followed by a quality
Improvement stage incorporating multifaceted sleep-promoting interventions implemented with
the aid of daily reminder checklists for ICU staff.

MEASUREMENTS AND MAIN RESULTS:

Improvements in overall Richards-Campbell Sleep Questionnaire sleep quality ratings did not
reach statistical significance,
but there were significant improvements in daily noise ratings (mean + SD: 65.9+26.6 vs.
60.5+26.3, p = 0.001), incidence of delirium/coma (odds ratio: 0.46; 95% confidence interval,
0.23-0.89; p = 0.02), and daily delirium/coma-free status (odds ratio: 1.64; 95% confidence
interval, 1.04-2.58; p = 0.03).

Kamdar et al — Crit Care Med - 2013




MANAGEMENT




Sickness behavior

Delirium

Sedation

Acute brain
dysfunction

Neuroendcrine system

Hippocampus
Limbic system

Frontal cortex

Hippocampus

Brainstem

Brain structures

Psychologic disorders
(Anxiety, depression,
PTSD)

Cognitive
impairment
(Memory and
executive
functions

Outcomes




Sedation necessary

Non sedated Sedated  m———— Brainstem

reflexes

Discontinuation of sedation

o~

EXAMINATION mmsp Normal ss=p Monitoring

Focal sign — Brain imaging

Myoclonus ===l EEG - Biochemistry - Drugs ===y Brain imaging

Antagonist?
Coma ===P  EEG - Biochemistry - Drugs mmmjp Brain imaging

Del_iriqm ===l Bjochemistry - Drugs =p EEG = Brain imaging
Agitation




MANAGEMENT

FOCAL SIGN DELIRIUM
SEIZURE COMA

EEG
SEVEREALTERATION
(SYNEK > 3)

No

MONITORING




TREATMENT




Monitoring depth of anaesthesia in a randomized trial decreases
the rate of postoperative delirium but not postoperative cognitive

dysfunction
Radtke et al — Br J Anaesth - 2013

A total of 1277 patients of a consecutive
sample were randomized (n=638
open, n=639 blinded).

In one group, the anaesthesiologists were
allowed to use the bispectral index (BIS)
data to guide anaesthesia

In the other group, BIS monitoring was
blinded. Cognitive function was evaluated at
baseline, 1 week, and 3 months after
operation.

Postoperative delirium: 95 patients (16.7%o)
in the intervention group versus 124 patients
(21.4%0) in the control group (P=0.036).

The percentage of episodes of deep
anaesthesia (BIS values <20) were
independently predictive for postoperative
delirium (P=0.006; odds ratio 1.027).




Haloperidol: 1mg/8h Van den Boogaard et al — Crit Care - 2013







W Early physical and occupational therapy in mechanically
ventilated, critically ill patients: a randomised controlled trial

William D Schweickert, Mark C Pohlman, Anne S Pohlman, CelerinaNigos, Amy | Pawlik, Cheryl L Esbrook, Linda Spears, Megan Miller,
Mietka Franczyk, Deanna Deprizio, Gregory A Schmidt, Amy Bowman, Rhonda Barr, Kathryn EMcCallister, Jesse BHall, John PKress

Lancet 2009; 373:1874-82

Intervention Contrl pvalue
in=43) (n=55)
Retum to independent functional status at hospital 29 (59%) 19 (35%) 002
dischange
ICU delirium (days) 2.0 (0060 40(2070) 003
Tirme in ICUwith delirium (%) 33% (-5 E) % (33-69) o002
Hospital deliriurm {days) 20 (00601 40(20-8.0) 002
Hospital days with delirium {55 28%(26) 41% (27) 001
Barthel Index scome at hospital dischange TE(7-5-35) CE (-85} 005
[CU-acquired paresis at hospital dischange 15 (31%) 7 (49%) 009
WVertilato - free days® 235(7-4-25-6) 211 (0-0-23-8) 0085
Duration of mechanical ventilation (days) %4 (2373 61 (4-0-%8) 002
Duration of mechanical ventilation, survivors {days) T3 C&(34-84) 0419
Duraticn of mechanical ventilation, non-suvivors (days)  2-5(24-5.C) 9L (6a-141) 004
Lergth of stay in 1CU {days) 59 (4-5-13:2) 72(61-12.9) 008
Lenigth of stay in hospital (days) 136(8-0-231) 129(89-198) 093
Hospital mortality 9 (18%) 14 (26%) 53
Dataare n (%), median (IQR), or mean (30), ICUIntenshe care unlt. *entilator-free days from study day 1 to day 28,
Barthel Index scale 0-100, AP CHE 11 scale 0-71.
Tabde 3: Main outoomes acconding o study group




A MULTICOMPONENT INTERVENTION TO PREVENT DELIRIUM
IN HOSPITALIZED OLDER PATIENTS

SHaroN K. Inouve, M.D., M.P.H., SioDNEY T. Bogarpus, JR., M.D., PETER A. CHARPENTIER, M.P.H.,
Linpa LEo-Summers, M.P.H., Denise Acamrora, M.P.H., THEopore R. Howrorp, PH.D., AND LEo M. Cooney, JrR., M.D.

The New England MARCH 4, 1999
Journal of Medicine
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A MULTICOMPONENT INTERVENTION TO PREVENT DELIRIUM

IN HOSPITALIZED OLDER PATIENTS

SHARON K. INouveE, M.D., M.P.H., SionEY T. BoGgarpus, JR., M.D., PETER A. CHARPENTIER, M.P.H.,
Linpa LEo-Summers, M.P.H., Denise Acamrora, M.P.H., THEopore R. Howrorp, PH.D., AND LEo M. Cooney, JrR., M.D.

The New England

Journal of Medicine

0.25+ )
i Usual care p=--0
S 0.20- : o~
: Y
2 E P
c.2 0.157 &
o= o
22 o
T o 0.10¢ Intervention
= 0
E
S 0.05- : Median length
of stay
0.00 T 1
1 3 5 7 9 11

Day

Figure 1. Cumulative Incidence of Delirium According to Study
Group.
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Effects of patient-directed music intervention on anxiety and sedative
exposure in critically ill patients receiving mechanical ventilatory support: a
randomized clinical trial.

OBJECTIVE:
To test whether listening to self-initiated patient-directed music (PDM) can reduce
anxiety and sedative exposure during ventilatory support in critically ill patients.
DESIGN, SETTING, AND PATIENTS:
Randomized clinical trial that enrolled 373 patients from 12 intensive care units
(ICUs).
INTERVENTIONS:
Self-initiated PDM (n = 126) with preferred selections tailored by a music therapist
whenever desired while receiving ventilatory support, self-initiated use of noise-
canceling headphones (NCH; n = 122), or usual care (n = 125).
RESULTS:
Patients in the PDM group had an anxiety score that was 19.5 points lower
(95% Cl, -32.2 to -6.8) than patients in the usual care group (P = .003).
PDM significantly reduced both measures of sedative exposure.
By the fifth study day, the PDM patients received 2 fewer sedative doses
(reduction of 38%) and had a reduction of 36% in sedation intensity.

Chlan et al - JAMA 2012




SLEEP

OBJECTIVES:
To determine if a quality improvement intervention improves sleep and delirium/cognition.
DESIGN:
Observational, pre-post design.
PATIENTS:
300 medical 1CU patients.
INTERVENTIONS:

This medical ICU-wide project involved a "usual care" baseline stage, followed by a quality
Improvement stage incorporating multifaceted sleep-promoting interventions implemented with
the aid of daily reminder checklists for ICU staff.

MEASUREMENTS AND MAIN RESULTS:

Improvements in overall Richards-Campbell Sleep Questionnaire sleep quality ratings did not
reach statistical significance,
but there were significant improvements in daily noise ratings (mean + SD: 65.9+26.6 vs.
60.5+26.3, p = 0.001), incidence of delirium/coma (odds ratio: 0.46; 95% confidence interval,
0.23-0.89; p = 0.02), and daily delirium/coma-free status (odds ratio: 1.64; 95% confidence
interval, 1.04-2.58; p = 0.03).

Kamdar et al — Crit Care Med - 2013




CONCLUSION

Frequent and severe complication
Must be daily detected by validating scales
Patients at risk must be identified

Preventive strategies must be implemented







University of Versailles
Raymond Poincare

Service de Réanimation
Pr Djillali Annane

Institut Pasteur
Fabrice Chreétien
Human Histopathology and Animal Models

MERCI




WHAT WAS WRONG?

A 52 years old and alcoholic man was
hospitalised in ICU for an hypoxemic
community-acquired pneumonia, with
blood cultures positive to S.
pneumoniae. At admission, neurological
examination was normal and there was
no neck stiffness.

One day later, he required mechanical
ventilation and developed agitation,
which was treated with Haloperidol.

Because he became more and more
agitated, he was heavily sedated.
Agitation was ascribed to alcohol
withdrawal.

A week later, while the patient was
sedated, bilateral larged fixed pupils
were observed.

CT scan showed diffuse brain oedema
and lumbar puncture meningitis.




SEVRAGE ETHYLIQUE

By definition, the patient must have two

or more of the following after

cessation or reduction of alcohol use

that has been heavy or prolonged:

autonomic hyperactivity (sweating,

tachycardia);

increased hand tremor;

Insomnia;

nausea or vomiting;

transient visual, tactile, or auditory

hallucinations or illusions;

6. psychomotoragitation; anxiety and
tonic-clonic seizures.

=

o ko

Clinical Institute Withdrawal Assessment
Scale for Alcohol,

Treatment: BZD

DTS is characterised by a fluctuating
disturbance of consciousness and change in
cognition occurring over a short period of
time. It is accompanied by a further
exacerbation of autonomic symptoms
(sweating, nausea, palpitations and tremor)
and an exacerbation of psychological
symptoms including anxiety.




CASE REPORT

Mme X..., 53 years old, traited with CS et I- for LED, is
admitted for ARF related to a thrombotic
microangiopathy. Occurrence of a hyperactive delirium:
« oNn me vole mon enfant, les médecins me vole mon

enfant...




MULTIFACTORIAL

In a 55 years old septic patient:
+ hyperactive delirium

+ weakness of the right arm and
slight right central facial  palsy

+ Claude Bernard Horner sign
+ Oedema of the right arm
- CT scan and CSF analysis: normal
- EEG: slow cortical activity
- Biochemistry: moderate renal failure
- Blood culture : negative

DELIRIUM WITH FOCAL SIGN IN ASEPTIC PATIENT




MULTIFACTORIAL

1. Left pre-rolandic lesion

2. Thrombosis of right jugular
vein + goitre

3. Methicillin overdose




BE CAREFUL

In a 65 years old man lightly
sedated for a  hypoxemic
pneumonia:

+ no response of the left
arm to painful stimuli

+ a greater hypotonia of the

left arm and leg

+ a decreased contraction of
the  right face to painful
stimulation

+ Claude-Bernard Horner
sign

FOCAL NEUROLOGICAL SIGNS IN ACRITICALLY ILL PATIENT
WITH CEREBROVASCULAR RISK FACTORS AND TREATED BY HEPARIN




BE CAREFUL

Accounts for all neurological signs




BE CAREFUL

Three days after discontinuation of sedation, the patient
developed agitation and delirium. General and neurological
examination was not changed. EEG was normal. Agitation and
delirium was ascribed to discontinuation of sedation. Three days
later, patient complained of pain of the legs and ankles that

turned to be due to bacterial and ischemic myositis.

DELIRIUM WITHOUT (new) FOCAL NEUROLOGICAL SIGN
INARECENTLY NON SEDATED PATIENT




DEVENIR
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Days During Study
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Effect of Sedation With Dexmedetomidine
vs Lorazepam on Acute Brain Dysfunction

in Mechanically Ventilated Patients
The MENDS Randomized Controlled Trial

JAMA. 2007,298(22):2644-2653

Table 2. Cutcomes in Mechanically Ventilated Patients Sedated With Dexmedetomidine
vs Lorazepam®

Dexmedetomidine Lorazepam P

Outcome Variable in =52) in=51) Valua

Duration of brain organ dysfunction,

Delirm-frea and coma-free 71-10) 3018 iy

Diliriim-frea® 511} 7 i5-10) 8

Cormia-frea® 10 {9-12) 810 <001

el 25 15 T15) i

Coma 2 0-3) 325 003
Frevalence of brain organ dysfunction, No. (%)

Delirium or coma 45 87 50 98 03

Cialirium 4 (7) 42 B3 6

Coma 33 (63) 47 B2 =<0
Other clinical cutcomes

Mechanical ventilator-fraa, 22 0-24) 18 0-23) 22

Intansive care unit langth of stay, d 7.5 15-18) die-15 a2

28Dy mortalty, No. (%) 0 {47) 14.27) 18




SEDATION and ANALGESIA

N = 304 > 60 ans — Medical ICU

The use of benzodiazepinesor opioids in the ICU is associated with
longer duration of a first episode of delirium. But also: severity of
critical ilness, dementia and use of haloperidol
Pisani et al - Crit Care Med - 2009







|IDSC versus CAM-ICU

Table3 Agreement rates between CAM-ICU and ICDSC on days
=7 after ICU admission; Cf, confidence interval

Days Mo, of Kappa coefficient
on ICU paired settings (95% CI)

I 130) 081 {(0.78-0.84)
2 67 (.86 (0.80-0,90)
3 52 (0,80 (0.76-0.84)
4 42 070 (0. 74-00,81)
5 29 0.65 (0.59-0.71)
6 26 0.68 (0.64-0.73)
7 28 0,92 (0,88-0,964)

Kappa coefficient was determined for 1 week following the day of

1CL admiussion (day 1)

Table4 Comparison of
CAM-ICU and ICDSC

delirium ratings in

374 paired observations

ICDSC (n)
Negative Positive Total
CAM-ICU n Negative 219 20 239 (64)
Positive 15 120 135 (36)
Total 234 (63) 140 (37) 374 (100)

Plaschke et al — ICM - 2008




Variable P

Age (.069
VIEdTTar mEtory
Hypertension 0.0047
Active tobacco consumption 0.0123
Alcohol consumption 0.0015
Variables on ICU admission
APACHE II score = (1.0001
Medication
Epidural catheter use 0.0017
Average oplate dose (1.0096
Average benzodiazepine dose 0.0001
Average propofol dose (.0023
Average indomethacin dose 0.044
[CU stay related factors
Coma (all types) < (1.0001
Anxiety 0.0824
Pain 0.0020

Coma related to sedation : Major Risk factor of DELIRIUM (OR 3.22)



Probability
of Transitioning
to Delirium -
© p=0.02
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Haloperidol prophylaxis for elderly hip-surgery patients at risk for
delirium: a randomized placebo-controlled study.
Kalisvaart etal J am Geriart Soc 2005

PARTICIPANTS: A total of 430 hip-surgery patients aged 70 and older at risk for
postoperative delirium.

INTERVENTION: Haloperidol 1.5 mg/d or placebo was started preoperatively and
continued for up to 3 days postoperatively.

RESULTS: The overall incidence of postoperative delirium was 15.8%.

1. Postoperative delirium in the haloperidol and placebo was 15.1% and 16.59%o,
respectively (RR=0.91, 95% CI [0.6-1.3]);

2. the mean highest DRS-R-98 score was 14.4+/-3.4 and 18.4+/-4.3 (mean difference
4.0, 95% CI [2.0-5.8]; P<.001);

3. delirium duration was 5.4 versus 11.8 days (mean difference 6.4 days, 95% CI
[4.0-8.0]; P<.001); and the mean number of days in the hospital was 17.1+/-11.1
and 22.6+/-16.7, respectively (mean difference 5.5 days, 95% CI [1.4-2.3]; P<.001).

4. No haloperidol-related side effects were noted.



Multivariate Model of Admission Risk Factors Associated With Delirium in the First 48 Hours of
ICU Admission

Table 2. Multivariate Model of Admission Risk Factors
Associated With Delirium in the First 48 Hours
of ICU Admission (\Mi1CU)

©

[

% Odds Ratio

S (95% Confidence

4 Risk Factor Interval) P Value
3 Dementia by IQCODE >3.3 6.3 (2.9-13.8) <.001
N Receipt of benzodiazepines before 3.4 (1.6-7.0) .001
1) ICU admission

S Creatinine >2 mg/dL 2.1 (1.1-4.0) .02
% Arterial pH <7.35 2.1(1.1-3.9) .02
o

Abbreviations: IGU, intensive care unit; IQGODE, Informant Questionnaire
on Gognitive Decline in the Elderly.

Pisani, M. A. et al. Arch Intern Med 2007;167:1629-1634.
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Table 3 Multivariate analysis

Variable Odds ratio | 95% Confidence
interval
Hypertension 2.6 1.14-5.72
Smoking history 2.2 0.94—4.94
Bilirubin level®
(% of days with abnormal level) 1.2 1.03-1.40
Use of epidural 3.5 1.20-10.39
Morphine (mean daily dose)®
0.01-7.1 mg 7.8 1.76-34.4
7.2-18.6 mg 9.2 2.17-39.0
18.7-331.6 mg 6.0 1.41-254

* Odds ratio expresses a risk increase for each 10 % increased of
days with abnormal laboratory value

® Analgesic and sedative medications were respectively trans-
formed as parenteral morphine and lorazepam using equivalent
dosage scales [14]



GENETIC: APOLIPOPROTEIN E4
POLYMORPHISMS

APOE: role in amyloidogenesis (Alzheimer disease)
Ely etal - CCM - 2007




PLASMA CORTISOL LEVELS

113 post-operative patients
Kazmierski et al — Crit Care - 2013




BIOMARKERS

Dosage within the 24h after onset of delirium Van den Boogaard et al — Crit Care — 2013




AGITATION

Epidémiology

Prevalence: 52%
(Score de Ramsay)

Jaber et al — I1CM - 2005




AGITATION

Epidémiology

Jaber et al — ICM - 2005




AGITATION
RISK FACTORS

Jaber et al — ICM - 2005




SAPSII 40 £ 16 33 +13 <0.01
Auto-extubation 16.5% 1.7% 0.003
Desinsertion of catheter 15.9% 1.2% 0.01
Duration catheter (d) 16.6 £17.1 6.1+5,7 0.0001
Duration of mechanical ventilation (d) 14,1+ 18,7 3.5%+5,2 0.0001
Nosocomial infection (%0) 33.7 6.9 <0.0001
(Pneumonia, urinary tract, bacteremia)

Length of ICU stay (d) 16 £19 6+6 0.0001




MRI IN PATIENTS WITH
DELIRIUM

Of the eight patients, six (75%) demonstrated white
matter hyperintensities, one (12%) had mild atrophy,
and no patient had ischemic/hemorrhagic lesions.

Morandi et al — Psychiatry- 2011




