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“Thousands of uny little creatures, some on horse-
back, waving arms, carrying weapons like some grand

Renaissance battle,” were trying to turn people “into
zombies.” Their leader was a woman “with no mouth
but a very precisely cut hole in her throat.”




Hallucinations in Hospital Pose Risk to Elderly

By PAM BELLUCK
Published: June 20, 2010

No one who knows Justin Kaplan would ever have expected this. A RECOMMEND
Pulitzer Prize-winning historian with a razor intellect, Mr. Kaplan, W TWITTER
84, became profoundly delirious while hospitalized for pneumonia [ LINKEDIN
last year. For hours in the hospital, he said, he imagined despotic B2 SIGN INTO E-
aliens, and he struck a nurse and threatened to kill his wife and MAIL
daughter. & PRINT
[F] REPRINTS
@, Enlarge This Image " Thousands of tiny little creatures,” SHARE

CJ Gunther for The New York Times
Justin Kaplan thought himself
besieged by “thousands of tiny little
creatures,” he said, “some on
horseback, waving arms, carrying
weapons,” during his bout with
hospital delirium last year.

he said, “some on horseback, waving
arms, carrying weapons like some
grand Renaissance battle,” were
trying to turn people “into zombies.”
Their leader was a woman “with no mouth but a very
precisely cut hole in her throat.”

Attacking the group’s “television production studio,” Mr.
Kaplan fell from his hospital bed, cutting himself and
“sliding across the floor on my own blood,” he said. The
hospital called security because “a nurse was trying to
restrain me and I repaid her with a kick.”



 Presentazione di un caso clinico

 Lafisiopatologia del delirium “from
bench to practice”



Paziente (B.B.) di 87 aa, giunto alla nostra
osservazione il 25/10/13 proveniente dal domicilio.
Anamnesi fisiologica e familiare

« Scolarita: diploma superiore

 Ex bancario

« Coniugato, 2 figli (1 F, 1 M), vive con la moglie (affetta
da decadimento cognitivo) e la figlia, assistito da
guest’ultima

Anamnesi patologica remota

* |pertensione arteriosa

* Insufficienza aortica lieve e mitralica lieve-moderata
(ecocardio del 2011)

e Coxartrosi SX severa con disturbo della
deambulazione



Anamnesi patologica prossima

Paziente in buone condizioni clinico-funzionali fino a
circa 1 mese prima (deambulava senza ausilio seppur
con zoppia sx, usciva di casa quotidianamente e da solo,
(usava la bicicletta e faceva piccole spese) epoca dalla
guale viene riferito un graduale calo delle performance
motorie, lentezza nei movimenti, calo del tono dell’'umore
e dell’appetito. Non apparente calo ponderale, non
febbre, non cadute a terra. Non segnalati disturbi

cognitivi



Anamnesi patologica prossima

I 18/10 effettuata visita geriatrica (1)
Esame obiettivo

— Bene PA; FC 100 b/min, aritmico.
— Edemi AAIL
— Lieve deviazione della rima buccale a sx. Ipertono

plastico ai 4 arti.

— Aluto nel passaggi posturali e durante
deambulazione (con passo piccolo strisciato).

Principio attivo Posologia Orario
e Solfato ferroso 1 die (da circa 40gg) Ore 17

e Quinapril 5 1 compressa die Ore 8



Anamnesi patologica prossima

Visita geriatrica (2)

— esami ematici del 10/7 u.s. (WBC 6,81; Hb 14,2; PTL 190;
urea 48; creatinina 1,36, transaminasi, elettroliti,
colesterolo, PSA reflex nella norma; trigliceridi lievemente
bassi, lieve iposideremia).

— Es. urine del 10/7 u.s. (ndr),
— SOF del 10/9 u.s. (negativo)







MMSE




Anamnesi patologica prossima

Visita geriatrica (3)

— OD: parkinsonismo con associato decadimento cognitivo
lieve

Consigliati esami ematici di controllo, TC-encefalo, ricovero
In riabilitazione per ciclo FKT.



Anamnesi patologica prossima

e 22/10/2013: TC-encefalo senza mdc: non alterazioni evidenti in
fossa posteriore; IV ventricolo in sede mediana di dimensioni nei limiti. A
livello sovratentoriale sono presenti numerose aree ipodense che interessano
in maniera piuttosto marcata il territorio dei nuclei della base da ambo i lati,
la sostanza bianca periventricolare ed i centri semiovali dove appaiono
confluenti e molto estese, indicative di un quadro di disturbi cronici
vascolari del microcircolo terminale. Il complesso ventricolare &
lievemente ingrandito ed associato a diffuso allargamento dei solchi
subaracnoidei da segni di atrofia corticale. Le strutture della linea
mediana sono in asse.

e 25/10: ricovero c/o nostro dipartimento per ciclo FKT



Esame obiettivo

— VNS=0/10

— Edemi AAIl e AS sX

— Toni cardiaci, aritmici
— Peso Kg 55

— Necessita di aiuto nei passaggi posturali e nel
cammino (per tratti brevi con passi piccoli e

strisciati), edemi agli arti inferiori ed arto superiore
sinistro

— ECG: verosimile RS con frequentissimi BEV, salve
di tachiaritmia sopraventricolare

— EAB (AA): nellanorma

— ER: ampolla piena di feci scure (assume ferro per
0sS, alvo chiuso da 4 gg)



Valutazione multidimensionale

C.A.M. 0/4
MMSE 21/30
Geriatric Depression Scale 7/15
Mini Nutritional Assessment 5+11/30
IADL (n funzioni perse) 0/5

BARTHEL INDEX 96/100 44/100
TINETTI 8/28
FIM 73/126
Albumina 1.6

APS 0



Epicrisi
- Disturbo della deambulazione a genesi polifattoriale

- Parkinsonismo a prevalente espressione ipertonico-bradicinetica

- Encefalopatia vascolare cronica

- Coxartrosi sx severa

- Spondiloartrosi e discopatie cervicali multiple
- Malnutrizione calorico proteica severa

- Aritmia cardiaca di ndd

- Ipertensione arteriosa

- Insufficienza aortica lieve e mitralica lieve-moderata

- Pregressa ernioplastica inguinale dx (circa 25 aa fa)



Epicrisi
Problemi/Obiettivi clinici

 Rivalutazione diagnostico-terapeutica parkinsonismo, sintomi
depressivi e performance cognitive

e Rivalutazione diagnostico-terapeutica edemi declivi e aritmia
cardiaca

Problemi/Obiettivi infermieristici

e Stimolazione/monitoraggio introito alimentare per os
e Regolazione alvo

e Riduzione carico assistenziale in igiene/abbigliamento

Problemi/Obiettivi fisioterapici
e Autonomia nei passaggi posturali
e Autonomia nella deambulazione (con ausilio?)

Problemi/Obiettivi socio-assistenziali
e Riduzione carico assistenziale al domicilio

®: esami ematici di routine, Rx-torace, ormoni tiroidei, Holter-ECG,
ecocardio.



Terapia instaurata all’ingresso

Principio attivo Posologia Orario
» Solfato ferroso 1 die (da circa 40gg) Ore 17
e Quinapril 5 1 compressa die Ore 8

* Enoxaparina 4000 1 fl sc die Ore 18



Esami

Ematici

Esame =rgresso | Valori normali
GB 10.84 1073/ul 4.00-9.00
GR 3.45 1076/ul 4.00-5.50
Ht 30.6 % 38.0-50.0
Hb 9.6 g/dl 11.5-14.5
MCV 88.7 Fl 80.0-95.0
PLT 302 1073/ul 150-400
Neutrofili 81.8 % * 10"3/ul 40.0-75.0
Linfociti 11 % * 10"3/ul 20.0-40.0
Monociti 3.6 % * 10"3/ul 0.0-12.0
Eosinofili 3.5 % * 10"3/ul 0.0-2.5
Basofili 0.1 % * 10"3/ul 0.0-0.54
VES 74 mm/1° ora 0-20
PCR 18.3 mg/dl 0.0-1.0
Azotemia 41 mg/d| 10-50
Creatinina 1.08 mg/dl 0.5-1.2
Na 138 Mmol/L 136-146
K 3.8 Mmol/L 3.5-5.10
CL 100 Mmol/L 98-108
Glicemia 72 mg/dl 60-110
GOT 14 U/L 0-40
GPT 9 uU/L 0-40
Fosfatasi alc 194 U/L 90-270
oGT 21 ul/L 5-30
PT (INR) 4.5 0.9-1.1
proteine tot 4.5 g/dl 6.2-8.2
Albumina 36.4/1.6 % 55.1-66.1
al 6.1 % 1.7-3.3
a2 15.8 % 8.2-13-0
b 135 % 9.5-15-0
r 28.1 % 10.3-18.3
FT4 0.93 Ng/dI 1-1.8
TSH 0.92 Ng/dl 0.3-4.2
Ac. folico 1.3 Ng/ml >2.5
Vit. B12 228 Ng/ml 200-910
Reticolociti 1.6 % 0.2-2
Sideremia microg/dI 70-150
Transferrina 85 Mg/dl 200-350
Ferritina 603




Decorso clinico

e Iniziato bendaggio per arti edematosi
e Per deficit di acido folico iniziata terapia sostitutiva

e Rx-torace: modesta velatura pleurica basale sn.
Temperatura corporea 38°C. Si inizia terapia antibiotica

e Ecocardio: /M+; IA++, dilatazione aorta ascendente
o Hb 9.2, PCR 16.6

e Trasferito c/o medicina di una Casa di Cura locale per

accertamenti e cure del caso.
e BI=96 — 44 — 44/100;
e Tinetti= 8 —» 10/28;
e FIM= 73 — 75/100




Anamnesi patologica prossima

Il paziente rientra in reparto proveniente dalla medicina
della Casa di Cura dopo 15 gg di degenza:

Ecocardio: FE 60%. IM lieve, IA lieve-moderata, IT lieve.

Holter ECG: frequenti BESV. 1 episodio di circa 30 min di aritmia
[percinetica sopraventricolare tipo flutter 2:1.

fI_f(x-Tc)_race: velatura del seno costofrenico posterolaterale sx. Non
ocolai

Rx-addome diretto: meteorismo con discreti livelli /droaerer ileali e
ddecl:l CO/_0/7 ldx, da parziale ostacolo alla canalizzazione. Aneurisma aorta
addominale

Eco-addome completo: segni di epatopatia cronica evoluta.
EGDS: gastrite atrofica cronica
Rx clisma opaco: non probante per incapacita a trattenere m.d.c.

TC torace+addome completo: esiti fibrotici biapicali con diffuso
ispessimento interstiziale e falda di versamento pleurico basale
bilaterale. Dilatazione aneurismatica aorta ascendente (58mm). Fegato
steatosico. Aneurisma (56mm) pre-biforcazione aorta a componente
trombotica sx (12-14 mm) ed ectasia artera comune dx (22 mm) e sx
(18 mm). Prostata con ipertrofia lobo medio (60 mm).




Anamnesi patologica prossima

Accertamenti effettuati

e Hb 9.3; VGM 81.8; PLT 307000
e Sideremia 16; transferrina 111; ferritina 793.7

e Colesterolo 72

e VES 85; PCR 12.08; RA-test 137.39; Waaler-Rose
positiva; A. anticitrullina 177.2 (vh<17)

e ANA-nucleo scr. negativo; A. anti-ENA scr. negativo;
HBsAG e HCV-Ab negativi

e Nella norma urea, creatinina, K*, Na*, acido urico, Ca*,
CPK, CK-MB, mioglobina, LDH, glicemia, trigliceridi,
transaminasi, PSA, FT4, TSH, amilasi, CEA, AFP, CA19.9.

e SOF: negativo



Anamnesi patologica prossima

Diagnosi di dimissione

S. ipocinetica importante in artrite reumatoide molto
probabile, cardiopatia sclero-ipertensiva (con Ilabile
compenso e aritmia sopraventricolare), vasculopatia
cerebrale ischemica cronica, aortosclerosi con ectasia
aneurismatica toracica e addominale. Anamnesi di
parkinsonismo vascolare e poliartrosi. Epatopatia cronica
(steatosica e da stasi). Gastrite cronica atrofica. Anemia
polifattoriale. Ipertrofia prostatica benigna

Segnalata durante la degenza caduta a terra con trauma
cranico ed escoriazione parieto-occipicale



Terapia prescritta in medicina

Principio attivo Posologia Orario
* Prednisone 25 1 cp die Ore 8
* Pantoprazolo 40 1 cp die Ore 8
* Lattuloso 2 cucchiai die Ore 20
« CaCarbonato 1000 1 cp die Ore 12
* Furosemide 25 2 cp die Ore 8
* Bisoprololo 2.5 1 cp die Ore 8
« Canreonato di K* 100 1 cp die Ore 14
» Sol. aminoacidi ramificati 500 |1 fl ev die Ore 8
* Enoxaparina 4000 1 fl sc die Ore 11




Esame obiettivo

— VNS=3/10

— Non edemi declivi

— RASS -1

— Peso Kg 40.6 (-15)

— PA 70/50 mmHg; FC 82 b/min, SO2=94% (AA)
— ECG: RS. FC 56 b/min. PQ 0,18"

— EAB (AA): nella norma



Valutazione multidimensionale

C.A.M.
MMSE

Geriatric Depression Scale

Mini Nutritional Assessment

IADL (n funzioni perse)

BARTHEL INDEX
TINETTI

FIM

Albumina

APS

Premorboso Ingresso

4/4
21/30 10/30
NA/15
0+2/30

0/5
96/100 6/100
1/28
54/126
2.5
5



Epicrisi
Sindrome ipocinetica a genesi polifattoriale
Artrite reumatoide probabile

Malnutrizione calorico proteica severa
Anemia moderata a genesi polifattoriale

Delirium ipoattivo

Parkinsonismo a prev. espressione ipertonico-bradicinetica in encefalopatia
vascolare

Decadimento cognitivo lieve

Disturbo depressivo del tono dell’'umore
Ipertensione arteriosa

Extrasistolia ventricolare e sopraventricolare,

Insufficienza mitralica lieve ed aortica moderata

Dilatazione dell’aorta ascendente (58mm), aneurisma aorta addominale
prebiforcazione con componente trombotica, ectasia arterie comunicanti dx (22mm)
e sx (18 mm)

Coxartrosi sinistra severa, spondiloartrosi e discopatie cervicali multiple
Ipertrofia prostatica benigna

Gastrite cronica atrofica

Lesione da pressione sacrale Il stadio

Recente (10-11/2013) riscontro di TPSV e di ritmo caotico e flutter atriale
Esiti di ernioplastica inguinale destra



Epicrisi

Problemi/Obiettivi clinici
e Approfondimento diagnostico e risoluzione delirium ipoattivo
e Controllo PA e FC

Problemi/Obiettivi infermieristici

e Stimolazione/monitoraggio introito idrico e alimentare per 0s
e Prevenzione danni terziari

e Riduzione carico assistenziale in igiene/abbigliamento

Problemi/Obiettivi fisioterapici
e Riduzione carico assistenziale nei passaggi posturali
e Deambulazione con ausilio

Problemi/Obiettivi socio-assistenziali
e Valutazione prognosi vita ed eventuale destinazione post-dimissione




Terapia instaurata all’ingresso

Principio attivo Posologia Orario
 Furosemide 25 1 compressa die Ore 8-14
 Canreonato di K* 50 1 compressa die Ore 12

* Forticrem 1 x 2 die Ore 8-14
 Acido folico 5 1 compressa die Ore 17
 Prednisone 25 1 compressa die Ore 12
 Enoxaparina 4000 1 fiala s.c die Ore 17
 Pantoprazolo 40 1 compressa die Ore 8

« Calcio carbonato 1000 |1 compressa die Ore 12

« Paracetamolo 1000 1 compressa die Al bisogno
 Macrogol 1 busta die Ore 20




Esami Ematici

Esame Ingresso Valori normali
GB 7.07 1073/ul 4.00-9.00
GR 4.14 1076/ul 4.00-5.50
Ht 36.8 % 38.0-50.0
Hb 11.6 g/dl 11.5-14.5
MCV 88.9 Fl 80.0-95.0
PLT 337 1073/ul 150-400
Neutrofili 59.1 % * 1073/ul 40.0-75.0
Linfociti 29.1 % * 10"3/ul 20.0-40.0
Monociti 11.7 % * 10"3/ul 0.0-12.0
Eosinofili 0.1 % * 10"3/ul 0.0-2.5
Basofili 0 % * 10"3/ul 0.0-0.54
VES 101 mm/1° ora 0-20
PCR 2.5 mg/dl 0.0-1.0
Azotemia 132 mg/dl 10-50
Creatinina 1.84 mg/d| 0.5-1.2
Na 137 Mmol/L 136-146
K 4.2 Mmol/L 3.5-5.10
CL 95 Mmol/L 98-108
Glicemia 82 mg/dl 60-110
GOT 12 U/L 0-40
GPT 8 U/L 0-40
Fosfatasi alc 206 U/L 90-270
yGT 39 ul/L 5-30
PT (INR) 1.17 0.9-1.1
proteine tot 6.5 g/dl 6.2-8.2
Albumina 38.6/2.5 % 55.1-66.1
ol 3.3 % 1.7-3.3
o2 14.2 % 8.2-13-0
B 13.6 % 9.5-15-0
r 30.3 % 10.3-18.3
FT4 Ng/dl 1-1.8
TSH Ng/dl 0.3-4.2
Ac. folico Ng/ml >2.5
Vit. B12 Ng/ml 200-910
Reticolociti % 0.2-2
Sideremia microg/dl 70-150
Transferrina Mg/dI 200-350

Ferritina




Diario clinico

e 1-16° giorno
— Persistenza di delirium, paziente apatico

— Scarsissimo introito alimentare e idrico per
os. Si posizione CVC giugulare ed inizia
nutrizione parenterale

— Rx-torace: ndr

— Marcata ipotensione arteriosa e
ipotensione ortostatica (ridotta fino alla
sospensione terapia ipotensivante, iniziato uso di
calze elastocompressive)

— Si inizia aloperidolo per os (5 gtt x 3 die).









Diario clinico

e 8-15° giorno
— Miglioramento dell’'introito alimentare e idrico per
0S.
— Non modificazioni funzionali
— Persiste delirium
— Meglio 1 valori di PA.
— Per algie diffuse iniziato paracetamolo
— Dimezzata la posologia del corticosteroide

e 16° giorno
e No delirium
— Buon introito idrico e alimentare
— Piu controllate le algie osteoarticolari
— Miglioramento funzionale



Esami Ematici

Esame Ingresso Controllo Controllo Valori normali
GB 7.07 11.41 9.83 1073/ul 4.00-9.00
GR 4.14 3.02 2.61 1076/ul 4.00-5.50
Ht 36.8 26.8 23.9 % 38.0-50.0
Hb 11.6 8.6 7.5 g/dl 11.5-14.5
MCV 88.9 88.7 91.6 Fl 80.0-95.0
PLT 337 190 234 1073/ul 150-400
Neutrofili 59.1 79.4 76 % * 10"3/ul 40.0-75.0
Linfociti 29.1 10.7 16.4 % * 10°3/ul 20.0-40.0
Monociti 11.7 6.2 4.4 % * 10"3/ul 0.0-12.0
Eosinofili 0.1 3.6 3.1 % * 10"3/ul 0.0-2.5
Basofili 0 0.1 0.1 % * 10°3/ul 0.0-0.54
VES 101 135 mm/1° ora 0-20
PCR 2.5 16.5 mg/dl 0.0-1.0
Azotemia 132 108 76 mg/d| 10-50
Creatinina 1.84 1.15 1 mg/dl 0.5-1.2
Na 137 133 137 Mmol/L 136-146
K 4.2 4.3 4.2 Mmol/L 3.5-5.10
CL 95 Mmol/L 98-108
Glicemia 82 mg/dl 60-110
GOT 12 U/L 0-40
GPT 8 U/L 0-40
Fosfatasi alc 206 U/L 90-270
yGT 39 ul/L 5-30
PT (INR) 1.17 0.9-1.1
proteine tot 6.5 4.3 g/dl 6.2-8.2
Albumina 38.6/2.5 41.8/1.8 % 55.1-66.1
al 3.3 5.6 % 1.7-3.3
o2 14.2 16.3 % 8.2-13-0
B 13.6 14.1 % 9.5-15-0
r 30.3 22.2 % 10.3-18.3
FT4 Ng/dl 1-1.8
TSH Ng/dl 0.3-4.2
Ac. folico Ng/ml >2.5
Vit. B12 Ng/ml 200-910
Reticolociti 2.9 % 0.2-2
Sideremia microg/dl 70-150
Transferrina Mg/dl 200-350

Ferritina




Diario clinico
e 17° giorno...
OD: anemia da cronico disordine
— Effettuata emotrasfusione

— Reincrementata posologia corticosteroide
— Ulteriore miglioramento funzionale



Esami Ematici

Esame Ingresso Controllo Controllo Controllo Valori norr
GB 7.07 11.41 9.83 9.22 1073/ul 4.00-9.0!
GR 4.14 3.02 2.61 3.64 1076/ul 4.00-5.5!
Ht 36.8 26.8 23.9 34.9 % 38.0-50.!
Hb 11.6 8.6 7.5 10.7 g/dl 11.5-14.
MCV 88.9 88.7 91.6 95.6 Fl 80.0-95.
PLT 337 190 234 191 1073/ul 150-40C
Neutrofili 59.1 79.4 76 66.7 % * 10"3/ul 40.0-75.
Linfociti 29.1 10.7 16.4 26 % * 10"3/ul 20.0-40.1
Monociti 11.7 6.2 4.4 6.7 % * 10"3/ul 0.0-12.C
Eosinofili 0.1 3.6 3.1 0.5 % * 10"3/ul 0.0-2.5
Basofili 0 0.1 0.1 0.1 % * 10"3/ul 0.0-0.54
VES 101 135 mm/1° ora 0-20

PCR 2.5 16.5 2.5 mg/dl 0.0-1.0
Azotemia 132 108 76 mg/d| 10-50

Creatinina 1.84 1.15 1 mg/d| 0.5-1.2
Na 137 133 137 Mmol/L 136-14¢€
K 4.2 4.3 4.2 Mmol/L 3.5-5.1C
CL 95 Mmol/L 98-108
Glicemia 82 mg/dI 60-110
GOT 12 U/L 0-40

GPT 8 U/L 0-40

Fosfatasi alc 206 U/L 90-270
oGT 39 ul/L 5-30

PT (INR) 1.17 0.9-1.1
proteine tot 6.5 4.3 5.2 g/dl 6.2-8.2
Albumina 38.6/2.5 41.8/1.8 47.5/2.5 % 55.1-66..
al 3.3 5.6 3 % 1.7-3.3
a2 14.2 16.3 14.1 % 8.2-13-C
b 13.6 14.1 13.5 % 9.5-15-C
r 30.3 22.2 21.9 % 10.3-18.:
FT4 Ng/dl 1-1.8

TSH Ng/dl 0.3-4.2
Ac. folico Ng/ml >2.5

Vit. B12 Ng/ml 200-91C
Reticolociti 2.9 % 0.2-2

Sideremia microg/dl 70-150
Transferrina Mg/dI 200-35C

Ferritina




Valutazione multidimensionale

Premorboso Ingresso Dimissione

C.A.M. 4/4 214
MMSE 21/30 10/30 12/30
Geriatric Depression Scale NA/15

Mini Nutritional Assessment 0+2/30

IADL (n funzioni perse 0/5

BARTHEL INDEX 96/100 6/100 37/100
TINETTI 1/28 11/28
FIM 54/126 68/126
Peso corporeo 40Kg 46Kg

« Deambulazione con supervisione e walker;
« Stazione eretta autonoma senza appoggio;
« Sit to stand con supervisione



Terapia instaurata all’ingresso

Principio attivo Posologia Orario
 Furosemide 25 1/2 compressa die Ore 8

« Amiodarone 200 1 compressa die Ore 8
 Prednisone 25 1 compressa die Ore 12

« ASA 100 1 compressa die Ore 12

« (Gastroprotettore 1 compressa die Ore 8

« Paracetamolo 1000 1 compressa die Al bisogno
 Macrogol 1 busta die Ore 20




 Lafisiopatologia del delirium “from
bench to practice”



La fisiopatologia del delirium

DELIRIUM, A SYNDROME OF CEREBRAL INSUFFICIENCY

GEORGE L. ENGEL, M.D., aAnND From the Departments of Psychialry and Medicine,

Umiversity of Rochester, School of Medicine and
] OHN RoMANo, M.D., Dentistry, Rochester, N. Y.

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.

oIt will be recognized that the first situation may evolve into the
second and that except in situations of rapid and massive process,
both must often co-exist. Further, the first situation may have a high
potentiality of reversibility, a possibility not likely when there is cell
death unless the organ has the capacity for regeneration of its
functional units, which the brain does not.”

DELIRIUM, A SYNDROME OF CEREBRAL INSUFFICIENCY

GEORGE L. ENGEL, M.D., AND From the Departments of Psychiatry and Medicine,
R M b ! University of Rochester, School of Medicine and
Jomn Romavo, M.D., Dentistry, Rochester, N. ¥.

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



“A basic pathoetiological model of delirium”
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Fig. 1. A basic pathoetiological model of delirium. .
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“Most of these theories are complementary rather
than competing it is likely that none of these
theories by themselves is fully capable of
explaining the etiology or phenomenologic
manifestations of delirium but rather that
two or more of these, if not all, act together to lead
to the biochemical derangement we know as
delirtum?”

Maldonado J. Am J Geriatr Psych 2013



Quall ipotesi patogenetiche nel caso di

B.B.?
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“The neuroinflammatory hypothesis (NIH)”

Acute peripheral inflammatory
stimulation

(from infectious, surgical or
traumatic etiologies,
Inflammatory diseases) induces
activation of brain parenchymal
cells and expression of
proinflammatory cytokines and
iInflammatory mediators in the
central nervous system(CNS)
that induce neuronal and
synaptic dysfunction and
subsequent neurobehavioral
and cognitive symptoms
characteristic of delirium. Testosterone

DHEA

Immune System
(Cells & Organs)

Maldonado J. Am J Geriatr Psych 2013



Systemic inflammation, such as that caused by
Injury or infection, has long been recognized as
trigger for episodes of delirium, particularly in elderly
or demented patients, even though their deliriogenic
effect seems to be lessened in younger and
nondemented patients

Thus, it seems likely that more severe

systemic inflammatory responses are more likely to
Induce delirium, but pre-existing pathology in
cognitive circuitry is a stronger predictor; thus, the
Interaction between these two factors is key



The systemic inflammatory
cascade and delirium

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

Microglia Activation

Ischemic/hemorrhagic lesions

Neuronal apoptosis

BBB damages

‘\/
L Delirium J

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

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



“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

Systemic

infection Cholinergic Inhibition of

microglial activation

>
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TNFa » TNFa e o &
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Activated microglia

~

Delirium

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 s P

TNFa p TNFo e o7
@ **%f *TNFOL

Primed microglia ) P Neurodegeneration

Overactivated microglia

v

Dementia

v

Severe, prolonged delirium

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



“The neurotransmitter hypothesis”

TABLE 4. Theorized Neurocheimical Mechanisins Associated with Conditons Leading wo Deliruim

Dralirium
Source ACH | DA | GLU | GABA | SHT | NE Trp | Phe | His | Cytok | HPA | NMDA | Changes | EEG | Mal mfam | cart
axis | activity | T RBF

Anoxia/hypoxia v + + + ¢ + = + pd | gk a4 . v * T +

Aging LA + ¥ + * + + ol ke 4 4 + + + +

T8I RN ENENENENEREEE D e O e

CVA ¥l o + L N I T B I T L A TN + 3 LA L N B T N

Hepatic Failure o | ¥ + + + + L + + ok 3 + i + + T +

{emcephalopathy)

aleep deprivation ¥

Trauma, Sx, W+ . .

& Postop The most commonly described neurotransmitter

ETOH & CHNS-Dep + . . . .

Withdraveal changes associated with delirium are:

Infection/Sepels :; - Reduced availability of Ach ( Ach);

Dehydration &

Elacirolyte - Excess release of DA ( DA), NE ( NE), and/or GLU (

Imbalance

Medical lliness ¥ G L U) ; . .
- 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)
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DOI 10.1007/s00134-009-1573-6 ORIGINAL

Mo eharipande Plasma tryptophan and tyrosine levels

I, R, Adams are independent risk factors for delirium
. . Llrarc - T - -

J. L. Thompson in critically ill patients

A. K. Shintani
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Fig. 1 Odds of transitoning to delirtum according to tryptophan/
large neutral amino acids ratio. The odds of transitioning from any
mental state (normal, delirious, or comatose) to delirum are higher
at very small Trp/LNAA ratios, lower when the ratio 1s approx-
imately 0.2 and then increase as the Trp/LNAA ratio increases



The interaction between the neuroinflammatory

hypothesis and the neurotransmitter hypothesis

There is also mounting evidence that some
proinflammatory cytokines that induce sickness
behavior also enhance activity of the ubiquitous
Indoleamine- 2,3-dioxygenase. Activation of
Indoleamine- 2,3-dioxygenase results in decreased
tryptophan (TRP) levels, thus a reduction in 5HT
and melatonin production, whereas there is a shift
to the production of kynurenine and other TRP-
derived metabolites that have neurotoxic effects.



Periphery

Tryptophan

Rate limiting step via either:
1. Indoleamine- 2,3- dioxygenase (IDO)
Upregulated by INF-y, also: [L-1, IL-12, LPS, TNF-u

or

Central Nervous System

|T yptophan I

Rate limiting step:

Do

Upregulated by INF-y, also:
IL-1, IL-12, LPS, TNF-at

Blood Brain Barrier Cells

| Tryptophan |

Rate limiting step:

DO

Upregulated by INF-y, also:
IL-1, IL-1Z, LPS, TNF-ot

2. Tryptophan- 2,3- dioxygenase {TDQ)

v

v

KYNURENINE

Kynurenine

Kynurenine

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

Crosses the BBB well

" v

Kynurenic Acid 3-hydroxykynurenine

Additional metabolites

{depicted in pathway to the right) Astrocvtes*

NMDA antagonism/ neuroprotective.

5 superoxide and HzO,which causes free radical

Il of the t i i
ells of the formation and oxidative protein damage.

viie cell lineage®
Do not eross the BRB well.

Picolinic Acids

Not easily measured. E

{secondary to production by Microglia

3-hydroxyanthranilic acid within the CNS)

Microglia®*
Generates superoxide and HxOuwhich causes free radical
formation and oxidative protein damage.

Key: I
* produce this preferentially

#* produce this preferentially, but also produced by
perivascular macrophages: Microglia (and other cells of the v
monocytic lineage) can also uptake compounds along the
kynurenine pathway to produce neurotoxic metabolites, as they
possess all necessary enzymes.,

Picolinic Acids Quinalonic Acid
Microglia**
NMDA agoni
reaclive o

Microglia**

NMDA agonism/ excitot (although
less so than quinolinic acid), activation of
macrophages.

NMDA: N-methyl-D-aspartic acid
BEB: Blood brain barrier
CNS: Central nervous system

! excitotoxicity, lipid peroxidation,
species, impaired astrocyte
glutamate uptake {further excitotoxicity )

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

(Crit Care Med 2012; 40:835—841)



The association of the kynurenine pathway of tryptophan
metabolism with acute brain dysfunction during critical illness*
Jessica R. Adams Wilson, MD; Alessandro Morandi, MD, MPH; Timothy D. Girard, MD, MSCI;

Jennifer L. Thompson, MPH; Chad S. Boomershine, MD, PhD; Ayumi K. Shintani, MPH, PhD;
E. Wesley Ely, MD, MPH; Pratik P. Pandharipande, MD, MSCI
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The network disconnectivity hypothesis (NDH)

The NDH recognizes that the brain is a highly
organized and interconnected structure functioning
to allow complex integration of sensory information
and motor responses and suggests that delirium
represents a variable failure in the integration and
appropriate processing of sensory information and
motor responses. Thus, the NDH proposes that
delirium results from an acute breakdown in network
connectivity within the brain.
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Hypothesis for the pathophysiology of delirium: Role of baseline brain
network connectivity and changes in inhibitory tone

Robert D. Sanders *

Department of Anaesthetics, Intensive Care and Pain Medicine, Imperial College London, Chelsea and Westminster Hospital, 369 Fulham Rd., London SW10 9NH, United Kingdom
Department of Leucocyte Biology, Imperial College London, Exhibition Rd., London SW7 2AZ, United Kingdom



A hypothesis is proposed that two important factors
determine a subject’s vulnerability to delirium

1. Baseline network connectivity: many of the non-modifiable risk
factors for delirium affect baseline network connectivity within
the brain including age, pre-existing cognitive impairment,
dementia and depression.

2. Inhibitory tone: the modifiable risk factors for delirium, includ-
ing inflammation, metabolic abnormalities, sleep deprivation
and medication (notably GABAergic medication) enhance the
risk of delirium by increasing inhibitory tone within the brain.
Differing insults may precipitate delirium by affecting inhibi-
tory tone in different ways including upregulation of GABAa
receptors, increased synthesis of endogenous GABA agonists
and stimulation by exogenous GABA agonists.



Neural Network Functional Connectivity During and
After an Episode of Delirium

Soo-Hee Choi, M.D.
Hyeongrae Lee, M.S.
Tae-Sub Chung, M.D., Ph.D.
Kyung-Min Park, M.D.
Young-Chul Jung, M.D., Ph.D.
Sun I. Kim, Ph.D.

Jae-Jin Kim, M.D., Ph.D.

Objective: Delirium is a common and
potentially life-threatening clinical syn-
drome. The authors investigated resting-
state functional connectivity in patients
with delirium to elucidate possible neural
mechanisms underlying this disorder.

Method: Twenty-two patients underwent
initial functional MRI at rest during an
episode of delirium. Of these patients, 14
completed follow-up scans after the epi-
sode resolved. Twenty-two comparison
subjects without delirium also underwent
scanning. The authors assessed cortical
functional connectivity using the seed re-
gion of the posterior cingulate cortex and
functional connectivity strengths between
a priori subcortical regions related to ace-
tylcholine and dopamine on data from 20
initial and 13 follow-up scans.

Results: Dorsolateral prefrontal cortex
activity and posterior cingulate cortex
activity were inversely correlated in com-
parison subjects but strongly correlated
in patients during an episode of delirium

as indicated by increased functional con-
nectivity between the two regions. Al-
though precuneus activity was positively
correlated with posterior cingulate cortex
activity in comparison subjects, the cor-
relation was further increased in patients
during an episode of delirium, and the
increment was associated with less se-
verity and shorter duration of delirium.
Functional connectivity strengths of the
intralaminar thalamic and caudate nuclei
with other subcortical regions were re-
duced during an episode of delirium but
recovered after resolution of the episode.

Conclusions: These findings suggest
that the disruption in reciprocity of the
dorsolateral prefrontal cortex with the
posterior cingulate cortex and revers-
ible reduction of functional connectivity
of subcortical regions may underlie the
pathophysiology of delirium. In addition,
enhanced integration in the posterome-
dial cortices may account for facilitating
the rapid improvement of delirium.

(Am | Psychiatry 2012; 169:498-507)



FIGURE 3. Functional Connectivities Among the Subcortical Regions
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Legend
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Cerebral hypoxemia
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Fig. 1. Dual-negative influence of malnutrition on delirium onset in frail nursing home elderly residents.



Fattori non modificabili nel caso di B.B. ?
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Fattori potenzialmente modificabili nel caso

di B.B.?
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Quall interventi sono stati attuati?
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Old drug, new tricks: haloperidol inhibits

secretion of proinflammatory cytokines

R J Moots, Z Al-Saftar, D Hutchinson, S P> Golding, S P Young, I’ A Bacon,
P J McLaughlin

Tommrmm e mtn At e s 8 Moois, Al-daffar, Hulchinson, et al
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Figure 1 Inhibition of release of inflammatory cytokines (A) ILIJ and (B) TNFa by haloperidol at concentrations from
50 uglmi dowon to 0. Sugimi, compared with medium control: LPS stinnlated whole blood.



Commonly Used Antipsychotics - Receptor Binding Profiles
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Conclusioni

* La biologia del deliritum e complessa e
multifattoriale

 La gestione clinicadel delirium deve
essere basata sulla conoscenza dei
meccanismi fisiopatologici

* L’assenza di una singola via patogenetica
comune e verosimilmente responsabile
della scarsa efficacia di singoli interventi
farmacologici (profilattici-trattamento)
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