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JR Maldonado, MD – Psychiatry

What is Delirium?

Delirium is a neurobehavioral syndrome caused by the transient
disruption of normal neuronal activity secondary to systemic
disturbances1,2,3,4
Delirium Precipitant Factors
(“End Acute Brain Failure”)

• Although usually considered to be a
serious problem in acute care settings;
Baseline Cognitive & Physical Functioning
delirium is encountered in all age
groups, elderly are considered to be a
Subsyndromal Type
high-risk group for development of
delirium.
• A delirious patient does indeed
receive
Hypoactive
Type
Mixed Type
Hyperactive Type
external information but integrates it
“Catatonic”Type
incorrectly,
which produces behavioral
(catatonic Retardation)
responses that are inadequate to the
environment.
• As a syndrome, delirium has many
clinical phenotypes:
Restoration of Baseline Impaired
Cognitive Functioning

Impaired Cognitive &/or
Physical Recovery

“Excited”Type
(catatonic Excitement)

Persistent Delirium Type

Maldonado,5Maldonado
Int J Ger Psych,
2017:Clin
32 (6)
[1Brown 2000; 2Engel & Romano 1959; 3Lipowski 1992; 4Maldonado, Crit Care Clinic, 2008; 24:789-856;
Crit Care
2017].
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Delirium –
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Why should we care?
1. Delirium is the most
common psychiatric
syndrome found in
the general hospital
setting.
2. One of the six
leading causes of
preventable
conditions in
hospitalized elderly
patients.

3. After controlling for
demographics,
apparent illness
severity, age, and
medical comorbidities,
patients who develop
delirium fare much
worse than their nondelirious counterparts.

Maldonado, Am J Geriatr Psychiatry. 2013;21(12):1190-1222; Maldonado, Int J Ger Psych, 2018;33(11):1428-1457

5

Delirium –
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Why should we care?
4. Baseline Cognitive Impairment é risk for Delirium
• Older age to be an independent
risk factor for delirium among
medically-ill hospitalized patients.
• Among critically-ill elderly patients
the probability of developing
delirium increases by 2% per year
of age for each year after age 65
[Pandharipande, Anesthesia 2006]

• Among medically-ill, hospitalized elderly (≥65) subjects
the delirium risk increased from 3% (at <65 years)
14% (65-74 years)  36% (≥75 years)(p<0.0001)

[Pendlebury et al, BMJ 2015]
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Why should we care?
5. é Morbidity – é Adverse Long Term Sequelae

60-80%
Physically Impaired

Latronico Lancet Neurol 2011; 10: 931

10-30%

40-70%

Mental Health
Impairments

Cognitively Impaired

Davydow DS Intensive Care Med 2009;35:796-809
Davydow DS Psychosom Med 2008;70:512-9
Wunch H JAMA 2014;311:1133-42
Jackson JC Lancet Respir Med 2014;2:369-79

Jackson AJRCCM 2010; 182: 183
Girard Crit Care Med 2010; 38: 1513
Wolters Intensive Care Med 2013; 39: 376
Pandharipande, et al. NEJM 2013;269:1306-1316
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Delirium –
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Why should we care?

6. é Adverse Long Term Sequelae – Cognitive Impairment

Witlox et al. JAMA, July 28, 2010—Vol 304, No. 4

• Based on > 20 prospective studies of > 5,000 patients within the last 3 decades a significant
association was found between delirium and long-term cognitive dysfunction.
– About 40% of patients with delirium develop some form of cognitive impairment when followed up
about 3 months to 5 years after an episode of delirium.
MacLullich et al. Int Rev of Psych 2009; Jackson et al. Neuropsych Rev 2004; Witlox et al. JAMA 2010
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Delirium –
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Why should we care?
6. é Risk of Dementia

– Patients aged ≥ 70 y/o w/o
dementia (n = 114) undergoing
cardiac; 5-yr f/u
– POD occurred in 87% of those who
later developed dementia.
– A multivariable logistic regression
model showed a lower
preoperative MMSE score (p <
0.001; odds ratio, 0.68; 95% CI,
0.54-0.84) and the occurrence of
POD (p = 0.002; odds ratio, 7.57;
95% CI, 2.15-26.65) were
associated with dementia
occurrence.
Lingehall et al. Crit Care Med. 2017

Fong Neurology 2009
• Cognitive deterioration following delirium proceeded at twice the
rate in the year after hospitalization compared with patients who
did not develop delirium.
• Patients who had developed delirium maintained a more rapid rate
of cognitive deterioration throughout a 5-year period following
hospitalization.

Witlox et al. JAMA 2010
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Delirium Pathophysiology

Old Hypothesis

Maldonado, Crit Care Clinic, 2008;24:657-722
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Precipitants of Delirium
“End Acute Brain Failure”

(i.e., electrolyte and fluid imbalance, neurological disorders and injuries, nutritional deficiencies, age, baseline cognitive functioning, acute substance intoxication & withdrawal states, bodily trauma & surgery, endocrinopathies, baseline psychiatric disorders,
medications and various toxidromes, decreased oxygenation states, infections, noxious stimuli, organ failure, severity of medical illness process, intracranial processes, isolation & sensory deprivation, sleep disturbances & alterations of the circadian rhythm,
metabolic disorders, physical restraints and immobility, and emergence delirium)

Neuronal Aging
(NAH)

Neuroinflammation
(NIH)

Neurotransmitter
Dysregulation
(NDH)

Neuroendocrine
Dysregulation
(NDH)

Circadian
Dysregulation
(CDH)

(Melatonin-Tryptophan
Dysregulation)

Network
Disconnectivity
(NDH)

Systems Integration Failure Hypothesis
(SIFH)

Delirium
Phenotypes
Delirium
Outcomes

Oxidative Stress
(OSH)

(HPA axis dysregulation)

Integration
Failure

Critical
Factors

Delirium Substrates

Precipitants
Factors

SYSTEMS INTEGRATION FAILURE
HYPOTHESIS [SIFH]

Acute Brain Failure
Clinical Delirium Phenotype

(Subsyndromal, Hypoactive, Hyperactive, Mixed)

Full Functional
(cognitive & physical)
Recovery

Variable Degree of Cognitive & Functional Deficits
(é Physical & Neuropsychiatric Morbidity)

Persistent (or Chronic)
Delirium

é Morbidity & Mortality

Maldonado, Int J Ger Psych, 2018;33(11):1428-1457
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NEURONAL AGING HYPOTHESIS [NAH]
• Suggests that the aging process and
accompanying physiologic changes
constitute an independent risk factor for
delirium, including:
 Changes in stress-regulating
neurotransmitters
 brain-blood flow decline
 decreased vascular density
 neuron loss (particularly in locus ceruleus
and substantia nigra)
 intracellular signal transduction systems.

Cerejeira et al. Acta neuropathologica. 2010 :119(6);737 -754

• Thus a functional elderly person may become increasingly vulnerable to stress due to
diminished physiologic reserve.
• Which explains why the aging process itself is associated with some degree of cognitive
deficits and an increased risk of delirium & dementia.
Maldonado, Int J Ger Psych, 2018;33(11):1428-1457
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NEURONAL AGING HYPOTHESIS [NAH]

Delirium & Frailty

Preoperative Frailty in Older Surgical Patients is Associated with Early Postoperative
Delirium

• N= older non-cardiac surgical patients
• Tools:

– CAM
– Frailty: Frailty status also was measured
preoperatively using 5 criteria:
•
•
•
•
•

unintentional weight loss ≥10 #/past year
self-reported exhaustion
weak grip strength
slow walking time
low physical activity

• Results:

– 30% had a frailty score ≥ 3
– 25% of patients developed POD
– Multivariable logistic regression showed that preoperative symptoms of depression
(OR=1.42; 95% CI=1.06–1.91; p=0.018) and the frailty score (OR=1.84; 95% CI=1.07–
3.1; p=0.028) were independently associated with the development of POD.
Leung et al. Anesth Analg. 2011 May; 112(5): 1199–1201.
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NEURONAL AGING HYPOTHESIS [NAH]

Delirium & Frailty

Association Between Preoperative Frailty
and Postoperative Delirium After Cardiac
Surgery
• N=55 pts. Undergoing CABG
• Tools: Fried criteria (frailty)
• Results:

– Prevalence of frailty = 30.9%.
– Frail pts had a higher incidence of delirium
47.1% vs 2.6% (p<0.001).
– In multivariable models, the relative risk (RR)
of delirium was at least 2.1-fold higher in frail
compared with non-frail patients (RR 18.3,
95%CI 2.1, 161.8, p=0.009).
Brown. Anesth Analg. 2016 August ; 123(2): 430–435.
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NEURONAL AGING HYPOTHESIS [NAH]
• Older age is an independent risk factor
for the development of delirium among
medically-ill hospitalized patients.
• Among critically-ill elderly patients, the
probability of developing delirium
increases by 2% per year of age, for each
year after age 65

[Pandharipande, Anesthesia 2006]]

• Among medically-ill, hospitalized elderly (≥65) subjects the delirium risk
increased from 3% (at <65 years) 14% (65-74 years)  36% (≥75
years)(p<0.0001)

[Pendlebury et al, BMJ 2015]
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NEURONAL AGING HYPOTHESIS [NAH]

Delirium’s Long Term Cognitive effects
• Increasing delirium duration was an
independent predictor of worse cognitive
performance on neuropsychological testing
at 3 and 12 months follow up (p=0.02 and
p=0.03, respectively).
• An increase from 1 day of delirium to 5 days
was independently associated with a 7
point decline in the cognitive battery mean
score at 12 months f/u (p=0.03)
Girard et al. Cric Care Med 2010

Witlox et al. JAMA, July 28, 2010—Vol 304, No. 4
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Neuroinflammatory Hypothesis [NIH]

 According to the neuroinflammatory hypothesis, delirium represents the CNS manifestation of
a systemic disease state that has crossed the BBB.
• Proposing that various risk factors and triggers for delirium are associated with activation of
the inflammatory cascade with acute release of inflammatory mediators into the bloodstream.
Maldonado JR. Delirium: Neurobiology, in Fogel & Greenberg (eds) Psych Care of the Med Pt; Oxford; 2015:823 - 907.
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Systemic infection and delirium: when
cytokines & acetylcholine collide
Primed microglia

Cholinergic inhibition controls
microglial activation, thereby
limiting delirium severity & duration

– leading to overactivation upon re-exposure

Peripherally produced
proinflammatory cytokines

(1)
(2)
(3)
(4)

Direct inhibition of microglial activation by anti-inflammatory treatment (eg, minocycline)
 of the effects of cytokines (eg, anti-TNF α) and é of inhibitory cholinergic control by
Nicotine-receptor ligands (eg, anabasine) or
Other cholinomimetic drugs (eg, cholinesterase inhibitors)

van Gool et al, Lancet 2010; 375: 773–75
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Immune–Brain Signaling
Pathways
• The brain and the immune system
communicate through different
pathways - Cytokines:

a) Neural pathway, peripherally produced
pathogen-associated molecular patterns
(PAMPs) and cytokines stimulate visceral
afferent nerves → Vagus N. → CRH
release
b) Humoral pathway involves circulating
PAMPs that reach the brain at the level of
the choroid plexus (CP) and the
circumventricular organs, where they
induce the release of secondary
messengers (prostaglandins & nitric
oxide) → production and release of proinflammatory cytokines in CNS.
c) Active transport across the BBB
(occurring only under specific
circumstances - illness)
d) Immune activation leading to a “leaky”
BBB → upregulate the active transport of
proinflammatory cytokines
(Dantzer, O'Connor
et2010)
al. 2008)
(Fernandez

Maldonado JR. Am J Geriatr Psychiatry 2013; 21:1190 – 1222
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Neuroendocrine Hypothesis [NEH]
• Suggests that delirium represents a reaction to acute stress,

mediated by abnormally high glucocorticoid (GC) levels,
which induce a general vulnerability in brain neurons by
impairing the ability of neurons to survive after various
metabolic insults.
• Although acute elevations of GCs enhance some immune
functions, such as leukocyte infiltration at the sites of injury,
chronic elevations induce leukocyte apoptosis, reduce proinflammatory cytokine release, and generally suppress
immune activity. *
•

Vyas et al., 2016

The hippocampus, with its dense concentration of GC receptors
is a major target for these effects.
– The hippocampal-adrenal circuit may contribute to the
amplification of deliriogenic factors.
– There is evidence that relatively early during the metabolic
stress leading to delirium the hippocampus begins to
malfunction.
– This leads to some of the memory dysfunction and errors in
information processing, leading to confabulation, commonly
seen in delirious patients.
Maldonado JR. Am J Geriatr Psychiatry 2013; 21:1190 – 1222
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Melatonin Dysregulation

Diurnal Dysregulation Hypothesis
• This hypothesis suggests that

disruptions to the 24-hour circadian
cycle and the usual stages of sleep may
lead to disturbances in the integrity of
sleep and the physiologic sleep
architecture.
• Studies have found sleep deprivation to
consistently precede onset of delirium
in postsurgical cardiac patients and that
ICU patients with sleep deprivation
were significantly more likely to
develop delirium than patients without
sleep deprivation.
Olofsson et al. Act Anaesthesiol Scand 2004
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Cytokines, “Sickness Behavior” & Behavioral
Changes
+
–

X

LPS

(IDO)

+
kynurenic acid
(NMDA antagonist,
anticonvulsant &
neuroprotective)

IFN-γ


(

é toxic metabolite)
Aminocarboxymuconate semialdehyde
decarboxylase
(ACMSD)

(



Picolinic Acid

é toxic metabolite)
Maldonado JR. Am J Geriatr Psychiatry 2013; 21:1190 – 1222;
Maldonado, Int J Ger Psych, 2018;33(11):1428-1457
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Melatonin Dysregulation

Diurnal Dysregulation Hypothesis
 Photic information → suprachiasmatic nuclei (SCN) → retino-

hypothalamic tract (RHT), where it synchronizes the activity of the
circadian oscillator to exactly 24 h. Neuronal efferent pathways: SCN
circadian information → pineal gland, where melatonin rhythm is
generated.

 Melatonin play important roles in multiple bodily functions
which may have potential implications regarding the
development of delirium in the medically ill:
o
o
o
o
o
o
o
o

Chronobiotic effect (affecting aspects of biological time
structure)
Sleep-wake cycle regulatory effects
Helps reset circadian rhythm disturbances
Extensive antioxidant activity (with a particular role in the
protection of nuclear and mitochondrial DNA)
Extensive anti-inflammatory activity
Anti-nociceptive & analgesic effects
Melatonin receptors appear to be important in mechanisms of
learning and memory
Inhibits the aggregation of the amyloid beta protein into
neurotoxic microaggregates responsible for the neurofibrillary
tangles characteristics of Alzheimer's disease and it prevents
the hyperphosphorylation of the tau protein.

Maldonado, Crit Care Clinic, 2008;24:657-722

Cardinali, D. P. & Pevet, P. Sleep Med Rev, 1998;2, 175-90.

Levi et al.. Ann Rev Pharmacol Toxicol 2010;50:377
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OXIDATIVE STRESS HYPOTHESIS [OSH]
• The Oxidative Stress Hypothesis (OSH), proposed
by Engel and Romano, suggests that a number of
physiologic processes, such as tissue damage,
hypoxia, severe illness, and infections, may give
rise to increased oxygen consumption and/or
decreased oxygen availability, with associated
increased energy expenditure and reduced
cerebral oxidative metabolism, leading to
cerebral dysfunction and associated cognitive
and behavioral symptoms of delirium. In other
words “[delirium is] the clinical expression of a
cerebral metabolic defect.
• Oxidative stress and/or antioxidant deficiencies
increase damage to cerebral tissue and lead to
cognitive decline with irreversible degeneration
as sequelae of delirium.
Maldonado, Crit Care Clinic, 2008;24:657-722
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OXIDATIVE STRESS HYPOTHESIS [OSH]
Three measures of
oxygenation (Hg, Hct, pulse
ox.) were worse in the
patients who later developed
delirium.

Intraoperative cerebral O2
desaturation was a significant
risk factor for postoperative
delirium in CABG pts.

Pre- and intraoperative
cerebral O2 saturation
(ScO2) values influenced the
risk of post-op delirium

Premorbid
Hemoglobin

Premorbid
Hematocrit

Premorbid
Pulse-oximetry

Seaman et al, Psychosomatics 2006

Zaubler et al, APM 2009; Slater et al, Ann Thorac Surg. 2009 Jan

Schoen et al. Critical Care 2011
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A Basic Pathoetiological Model of Delirium
Maldonado, Crit Care Clinic, 2008;24:789-856
i.e., hypoxia

i.e., hyperthermia: for every
↑1C° fever ↑VO2 by 13%

Critical Illness

↑ O2 demand

↓ O2 supply

↓ O2 availability to brain tissue
ATP-ase pump failure
Na+ influx

↓ NAD:NADH ratio

ACh

(Siesjo ’84)

(Bauer ’82;
Koponen ’89;
Romano & Engel ’44;
Trzepacz ‘92)

(Gibson & Blass ’76;
Gibson et al ‘81)

K+ outflux

EEG*

Ca+ influx
GLU release

NT release
(Hall ’92)

Anoxic depolarization ↑ tyrosine hydroxylase
(Carmen & Wyatt ’77)
(Balestrino ’95)

+ activation of intraneuronal
catabolic enzymes (Choi ’89)

Cell swelling
(Balestrino ’95)

+ uncouples oxidative
phospholiration in brain
mitochondria
(Kirsch ’89)

↓ breakdown in ATP
dependent transporters
(↓ NT reuptake)

5-HT3
NE
NH4+

↑ DA production

Activation of
NMDA-receptors
(Felipo et al ‘98)

↑ cytotoxic quinones

(Graham ’78)

(Pulsinelli & Duffy ’83)

↓ ATP production
(Kirsch ’89)
↓ activity of O2dependent COMT
(Gibson ’81)

DA
As high as 500-fold
(Globus ‘88)

Theorized Neurochemical Mechanisms
Associated With Conditions Leading To Delirium
Delirium

ACH

DA

GLU

GABA

5HT

NE

Trp

Mel

Phe

His

Cytok

HPA
axis

Cort

NMDA
activity

RBF ∆

Inflam

EEG
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Trauma, Sx, & Post-op
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ETOH & CNS-Dep
Withdrawal
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Source
Anoxia/hypoxia
Aging
TBI
CVA
Hepatic Encephalopathy

Sleep deprivation

Infection/Sepsis
Dehydration &
Electrolyte Imbalance
Medical Illness

Legend: é = likely to be increased or activated;  = likely to be decreased;  = no significant changes; (╬) = likely a contributor, exact mechanism is unclear; (−) = likely not to be a contributing factor; CVA = cerebro-vascular accident; Sx = surgery; Etoh =
alcohol; CNS-Dep = central nervous system depressant agent; ACH = acetylcholine; DA = dopamine; GLU = glutamate; GABA = gamma-aminobutyric acid; 5HT = 5-hydroxytryptamine or serotonin; NE = norepinephrine; Trp = tryptophan; Phe =
phenylalanine; His = histamine; Cytok = cytokines; HPA axis = hypothalamic-pituitary-adrenocortical axis; NMDA = N-methyl-D-aspartic acid; RBF = regional blood flow; EEG = electroencephalograph; Mel = melatonin; Inflam = inflammation; Cort = Cortisol.

Maldonado JR. Am J Geriatr Psychiatry 2013; 21:1190 – 1222
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NEUROTRANSMITTER HYPOTHESIS
Premorbid
State

Insult
Electrolyte imbalance & dehydration
Neurological disorder/injury
Deficiencies (nutritional)
Age & Gender
Cognition
U-Tox (intoxication & withdrawal)
Trauma
Endocrine disturbance

Baseline
Cognitive
Functioning

Behavioral-Psychiatric
Rx & other toxins
Anemia, anoxia, hypoxia & Low
perfusion states
Infectious
Noxious stimuli (Pain)

Failure (organ)
Apache score (severity of illness)
Intracranial processes
Light, sleep & Circadian Rhythm
Uremia & other Metabolic Disorders
Restraints
Emergence delirium

[NTH]

The ‘‘neurotransmitter hypothesis’’ suggests that changes
in neurotransmitter concentration or receptor sensitivity
(due to decreased oxidative metabolism in the brain
causing cerebral dysfunction) may underlie the different
symptoms and clinical presentations of delirium:
Excess release of:
 dopamine (éDA)
 norepinephrine (éNE)
 glutamate (éGLU)

Reduced availability of
 acethylcholine ( Ach)
 melatonin ( Mel)

Both decreased and increased activity in:
 serotonin (é5HT)
 histamine (éH1&2)
 gamma-aminobutyric acid (éGABA)
Maldonado, Crit Care Clinic, 2008;24:789-856
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NEUROTRANSMITTER HYPOTHESIS

Acetylcholine
Glutamate



Hypocholinergia
◦
◦
◦
◦
◦
◦

Arousal
Attention
Memory
Language
Task switching
Executive function

[NTH]

Serotonin
Dopamine



Hyperdopaminergia
◦
◦
◦
◦
◦
◦

Aggression
Desire
Movement
Vigilance
Rapid appraisal
Goal direction



Norepinephrine

é Aggression/impulsivity – Apathy
é Energy – Anergia
é Agitation/anxiety – Ψmotor retardation
é Vigilance/attention/movements –
Arousal/Somnolence
é VSs – VSs
29

NETWORK DISCONNECTIVITY HYPOTHESIS

[NDH]

Internal awareness –
Default Mode Network

External Focused –
Task Positive Network
 DSM-5, Criterion A describes delirium as a disturbance in attention and awareness
 New diffusion‐weighted magnetic resonance imaging and tractography methods have facilitated the
mapping of structural neuronal networks.
 The NDH recognizes that the brain is intrinsically organized into dynamic, anticorrelated functional
networks and that reduced network anticorrelation may explain the attentional deficits observed in
delirious patients.
 Intact consciousness requires integrity of functional networks and their connectivity; based on a cooperative
but mutually exclusive paradigm of introspection (Default Mode Network (DMN)(posterior cingulate), which
is preferentially active at rest than during attention-demanding tasks, and characterized by a high degree of
functional connectivity) versus external focused attention and awareness with goal oriented task
performance (Task Positive Network [TPN])(dorsolateral prefrontal cortex).
Behrens et al., 2003, Mori and van Zijl, 2002, Cao et al., 2014
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Earliest accumulation of β-amyloid occurs within
the default-mode network and concurrently
affects brain connectivity

I.
II.

Results suggest that Aβ fibrils start to accumulate predominantly within certain
parts of the DMN in preclinical AD and already then affect brain connectivity.
(a) show that Aβ accumulation is associated with hypoconnectivity in intra- and
inter-DM network links.
Palmqvist et al. Nat Commun. 2017 Oct 31;8(1):1214.
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Network Model of Delirium

FPCN=frontoparietal control network: top-down control of attention; DAN=dorsal attention network: externally directed attention; DMN=default-mode network:
internally directed attention; DLPFC, dorsolateral prefrontal cortex; FEF, frontal eye fields; HPA, hypothalamic-pituitaryadrenal; IPS, intraparietal sulcus; LOC, level of
consciousness; MPFC, medial prefrontal cortex; PCC, posterior cingulate cortex; PPC, posterior parietal cortex; VTA, ventral tegmental area.

Young. Medical Hypotheses 104 (2017) 80–85
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SYSTEMS INTEGRATION FAILURE
HYPOTHESIS [SIFH]
Precipitants
Factors

Precipitants of Delirium
“End Acute Brain Failure”

(i.e., electrolyte and fluid imbalance, neurological disorders and injuries, nutritional deficiencies, age, baseline cognitive functioning, acute substance intoxication & withdrawal states, bodily trauma & surgery, endocrinopathies, baseline psychiatric disorders,
medications and various toxidromes, decreased oxygenation states, infections, noxious stimuli, organ failure, severity of medical illness process, intracranial processes, isolation & sensory deprivation, sleep disturbances & alterations of the circadian rhythm,
metabolic disorders, physical restraints and immobility, and emergence delirium)

Critical
Factors

Delirium Substrates

(b)
(a)
Neuronal Aging
(NAH)

Neuroinflammation
(NIH)

Oxidative Stress
(OSH)

(HPA axis dysregulation)

Neurotransmitter
Dysregulation
(NDH)

(c)
Integration
Failure

Neuroendocrine
Dysregulation
(NDH)

Circadian
Dysregulation
(CDH)

(Melatonin-Tryptophan
Dysregulation)

Network
Disconnectivity
(NDH)

(d)
Systems Integration Failure Hypothesis
(SIFH)

According to the SIFH, the determinants that eventually predict a subject’s vulnerability to & type of delirium:
(a) the presence of physiological vulnerabilities (the substrate);
(b) an acute insult (precipitant) further taxing an already fragile system with limited functional reserves;
(c) leading to an alteration in neurotransmitter synthesis, function and/or availability
(d) and a dysregulation of neuronal activity and connectivity secondary to systemic disturbances

Maldonado, Int J Ger Psych, 2018;33(11):1428-1457
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SYSTEMS INTEGRATION FAILURE
HYPOTHESIS [SIFH]
The interplay between the alterations in
neurotransmitters integrity (i.e., NT availability
and receptor function) and which network
emerges as dominant or unchecked, and the
variability in integration and appropriate
processing of sensory information and motor
responses, mediated by an acute breakdown in
brain network connectivity, give rise to the
various clinically manifestations observed in the
various delirial motoric phenotypes (e.g.,
hyperactive, hypoactive, mixed).
LeDoux, 1994, Scientific American, 270(6), 50-57.

In other words, the form of delirium that ensues will depend upon how and which networks breaks
down; influenced by both, the individual’s baseline network connectivity and the degree change in
inhibitory tone produced.
Maldonado, Int J Ger Psych, 2018;33(11):1428-1457
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SYSTEMS INTEGRATION FAILURE
HYPOTHESIS [SIFH]
Desensitization of α2
receptors or lack of α2
agonist activity

↑ GABA release from

↓ GABA A Receptor
sensitivity

presynaptic neuron

Compensatory ↑ regulation of NMDA
& kainate receptors & Ca2+ channels

GABAergic Rx

Anti-Ach-Rx

GABA A ↑ Inhibitory
acti vity

(Linnoila et al ’87; Rogawski ‘05)

HPA-axis activation via CRF
releasing cortisol

Chronic Etoh Use/Abuse

(Ely et a l ’01; Fra ncis et al ’92; Golinger et al ’87; Flacker et al ’98, ’01;
Landi et al ’07; Mur ray et al ’93; Thomas et al ’88; Tr zepacz et al ’99;
Tune et al ’81)

↑ GABAergic
tone

↓ volume of ACh

Endogenou s Anti-Ach Su bstances
(↑SAA)

↑ Adrenal medulla activity

producing cells

(Flacker et al ’04; Mach et al ’95; Mulsa nt et al ’03)

(Gibson, Peter son & Jenden, ’81; Gibson, Peter son &
Sansone, ’81)

Neuronal Aging

Blockade of muscarinic receptors

Inhibits voltage-gated Ca+
chann els

Inhibits GLU receptors
(NMDA, AMPA, kainate &
Metabotropic GLU)

Disinh ibits GABA-mediated
DA p ro jections to Nu cleus
Accumbens

↑↑
↑Activation of NMDAreceptors
(Felipo et al ’98; Lla nsola et a l 2007)

↓ ACh

(Gibson et a l ’81a,b; Gibson & Peter son
’83)

Adrenergic activity

(Lit tleton ’98; Pa tkar et al ’02; Pohorecky ’82)

↑ depolarization,
leading to acti vation o f
voltage-dependent
NMDA receptors

↓ acti vity of O 2dependent C OMT

(Choi ’89; Ka tayama et a l ’91a,b)

Peripheral immune
signals

(Cerejeira, Fimino et al
2010)

↑ DA production +
uncouples oxidative
phospholiration in brain
mitochondria

↑ production of cytokines

↓ ATP production
(Kirsch ’89)

(Gibson ’81)

↓

(Lla nsola

NAD:NAD H ratio

(Blass et al ’81; Brown & Stoudemire ’98; Gibson
& Blass ’76; Gibson & Peter son, ’81, ‘82; Gibson,
Peter son & Sansone, ’81)

Oxidative Stress

Generation of
ROS & RNS

Oxidative
Metabolism

(Gibson & Peter son ’81)

↑ ty rosine hydroxylase

et al 2007)

and other
immunomediators

↓ Cerebral

(Kirsch ’89)

Leads to neuronal
degeneration & cell death

Neuro-inflammation

Ischemic Injury

(Gr aham ’84)

↑ ↑ GLU release

BBB Permeability
Disruption

Microcirculatory
impairment

↓Ach

(Beresin et al ‘88; Blass et al ’81; Brown &
Stoudemire ’98; Flacker et al ’98, 01;
Gibson & Peter son ’82, ‘83; Gibson & Blass
’76; Gibson et a l ’81a,b; Golinger et al ’87;
Mur ray et al ’93; Plaschke et al ’07;
Tr zepacz et al ’96; Tune et al ’92, ‘99)

↑ production of
DA toxic
metabolites

(Lopes Da Silva et al ’91)

Delirium
Precipitant
Factors

↓ ACh Synthesis

release/availability

(Jansson et al, ’04; Gibson et a l ’81a,b; Gibson & Peter son ‘83)

HPA axis
Activation

K+ outflux

(Carmen & Wyatt ’77)

↑ ↑ DA

Opioid use

As high as 500-fold

(Tr zepacz ’94)

(Broder ick & Gibson ’89; Globus et a l ’88a,b;
Knell et al ’74; Miller ‘84)

↓ breakdown in ATP
dependent transporters
(↓ NT reuptake)
(Ka tz ’82; Pulsinelli & Duffy ’83; Tr ouvin et al ‘86)

Ca+ influx

↑ ↑ NT
release

Neuro-Endocrine
Dysregulation

ATP-ase pump fail ure
(Siesjo ’84)

(Choi ’89; Globus et a l ’88b)

(Hall ’92)

Leads to behavio ral & cogniti ve
changes associated with hepatic
encephalopathy

Na+ influx

(Isobe-Har ima et al ’08)

Anoxic depolarization
(Balest rino ’95)

(Na gatsu ’91)

+ acti vatio n of
intraneuronal catabolic
enzymes (Choi ’89)

Alterations in EEG

(Bauer ’82; Engel et a l ’47; Jacobson et a l
1993a,b;Kean et al ’77,’81; Koponen et al ’89a,b,
‘91;Perry & Perry ’95; Pr o et al ’77; Roma no &
Engel ’59;Tr zepacz ’92; Tr zepacz et al ’89,’08)

↑ HVA levels in CS F
(despite of normal DA levels.)
(Knell et al ’74)

Acute ↑ cortisol

Cell Swelling
(Balest rino ’95)

Disruption of 24-hrs
Circadian Pattern +
Melatonin Secretion →
Sleep F ragmentation

Anemia, Anoxia,
Hypoxia & Low
Perfusion States

Circadian
Dysregulation

> Electrol yte
imbalance &
Dehydration
> Neurological
Diso rder &Injury
> Deficiencies
(nutritional)
> Age & gender
> Cognition
> U-tox (drug
intoxication &
withdrawal)
> Trauma
> Endocrinopathies
> Behavioral/
Psychiatric
Diso rders
> Rx & To xidromes
> Anemia, Anoxia
> Infections
> Noxious stimuli
> Fail ure (organ)
> Apache Scores
(illness severity)
> Isolation &
Immobility
> Light & circadian
rhythm
> Uremia &
Metabolic Disorders
> Restraints
> Emergence
delirium

(Dahanukar et al ‘96)

↑ Mitochondrial

Hippocampal & neocorti cal
malfunction

dysfunctio n and apoptosis
(Demonacos et a l 1996)

(Agar dh & Siesjo ’81; Dahanukar et al ‘96)

Disi nhibited
release of
↑ cortisol

↓ Melatonin
production

↓ 5HT
production

↑ NH

Impairs HVA activ e
transport through the
BBB out of the CSF
(Knell et al ’74)

↓ Metabolism of precursor
amino-acids

(i.e.,ph en ylalan ine, tyrosine, tryp toph an)

↑

Tryptophan
levels

Exogenous steroid
use
(Olsson et al ’99)

(Stone & Darlington 2002, 2013)

4+

↑ availability of tyrosine &
phenylalanine leads to
↑ plasma levels

Enhance IDO
shifting tryptophan
metabolism

Hepatic
dysfunctio n

↑ Kynutrnine production & other tryptophan-metabolites with
NEUROTOXIC EFFECTS

↑ plasma
unesterified
fatty aci ds

Maldonado, Int J Ger Psych, 2018;33(11):1428-1457
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DIAGNOSIS?

Criteria Concordance
• Strict DSM-5: 53% (ĸ = 0.22)
• Relaxed DSM-5: 91% (ĸ = 0.82)

DSM-5 moved the
bar to some (?)
extent

State, Trait … “Fluctuation”
• Incidence or Prevalence

State, Trait, Fluctuation?

State, Trait, Fluctuation?

State, Trait, Fluctuation?

State, Trait, Fluctuation?

State, Trait, Fluctuation?

How much delirium are we looking for?

COMMON?

Reported Rate: 3.6-73%

McCoy, T.H. et al (2016). Psychosomatics 57, 480–488.

Reported Rate: 3.6-73%

McCoy, T.H. et al (2016). Psychosomatics 57, 480–488.

Best Guess: 20%

State of MA?
Off by 10x

PHS?

PHS?
Coded rate climbing toward survey rate over time

Best Guess - where

vs. 23.7%
vs. 22%

vs. 28.5%

vs. 7%

By Attending Dept | McCoy, T. H., et al Gen Hosp Psychiatry 46, 1–6 (2017).

In whom is delirium more common?

RISK FACTOR?

Risk Factors
• Older
• Sicker
– Acute: APACHE, vent, trauma, LOS
– Chronic: Charlson, HTN
– CNS: dementia, stroke

• Medications (less conclusive)
Rudolph J.L. et al. (2011) J Am Geriatr Soc 59(S2): 289-294.
Vasilevskis, E.E., et al. (2012) Best Practice & Res Clin Anesth 26: 277–287.
Zaal I.J. et al (2015) Crit Car Med 43(1): 40-47.
Oldroyd, O, et al. (2017) J Vasc Surg 66(4): 1269-1270.

Older

Older

Sicker

CNS
Acute /
Trauma

HTN

CNS by CCS Level 1 Primary Dx | McCoy, T. H., et al Gen Hosp Psychiatry 46, 1–6 (2017).

State, Trait, Fluctuation?

Delirium is a Structural Challenge
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Objectives
 Prevention of delirium
– Non-pharmacological
– Pharmacological
 Antipsychotics
 Alpha-2 agonists
 Melatonin agonists

 Treatment of delirium
– Non-pharmacological
– Pharmacological






Antipsychotics
Alpha-2 agonists
Glutamate antagonists (valproic acid, amantadine, gabapentin)
Melatonin agonists
Others

Academy of Consultation-Liaison Psychiatry
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Prevention of Delirium: Non-pharmacological
 Multicomponent Approach
 Targets identified, treatable,
contributing factors
 Can be effective in reducing
delirium incidence and
preventing falls
 Trend toward decreasing length
of stay and avoiding
institutionalization

Risk Factors

Details

Cognition/
Orientation

 Cognitive stimulation
 Orientation

Early mobility

 Ambulation or active range-ofmotion exercises

Hearing

 Hearing aids; special
communication techniques

Sleep-wake cycle
preservation

 Warm milk, herbal tea, relaxation
tapes or music, back massage
 Noise reduction
 Schedule adjustments

Vision

 Visual aids, adaptive equipment

Hshieh TT et al, Effectiveness of multicomponent nonpharmacological delirium interventions: a meta-analysis. JAMA Internal Medicine 2015
Maldonado JR, Acute Brain Failure Pathophysiology, Diagnosis, Management, and Sequelae of Delirium. Critical Care Clinics 2017
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Prevention of Delirium: Non-pharmacological
 ABCDE(F) bundle:
 Incorporates multidisciplinary
measures to improve and/or
preserve patients’ function
and neurocognitive status.
 ↓ ICU delirium prevalence
and the mean number of
delirium days
 ↓ duration of mechanical
ventilation, length of stay and
costs

A: Assess, prevent, and manage pain
B: Both spontaneous awakening trials and breathing trials
C: Choice of sedation and analgesia

D: Delirium assessment and management
E: Early mobilization
F: Family engagement and empowerment

Hshieh SJ et al, Staged Implementation of Awakening and Breathing, Coordination, Delirium Monitoring and Management, and Early Mobilization Bundle
Improves Patient Outcomes and Reduces Hospital Costs. Crit Care Medicine 2019
Maldonado JR, Acute Brain Failure Pathophysiology, Diagnosis, Management, and Sequelae of Delirium. Critical Care Clinics 2017
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Treatment of Delirium: Non-Pharmacological
 Investigate and treat contributing etiologies
 Correct malnutrition, dehydration, and electrolyte abnormalities
 Evaluate for and discontinue medications causing delirium and/or with high
anticholinergic potential
 Encourage physical immobilization
 Restore circadian rhythm
 Minimize restrains
 Correct sensory deficits
 Avoid and correct environmental isolation
– involve family members and loved ones, cognitive stimulation
Maldonado JR, Acute Brain Failure Pathophysiology, Diagnosis, Management, and Sequelae of Delirium. Critical Care Clinics 2017
Academy of Consultation-Liaison Psychiatry
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Treatment of Delirium: Hypoactive vs Hyperactive
Hypoactive

Hyperactive

1. Review all Rx: minimize use of agents with high
anticholinergic potential, CNS depression

1. Review all Rx: minimize use of agents with high
anticholinergic potential, CNS depression

2. Avoid benzodiazepines

2. Avoid benzodiazepines

3. Consider following agents for management

3. Consider following agents for management

 Melatonin (3-10 mg Q 2000)

 Melatonin (3-10 mg Q 2000)

 Dopamine antagonists (low dose HAL 0.125-0.5
mg IV QHS; aripiprazole 0.5-1 mg Q am)

 Dopamine antagonists (for moderate-extreme
agitation, consider IV HAL; for mild agitation,
consider RIS, lurasidone, quetiapine)

 Stimulants (amantadine 25-100 mg BID-TID;
modafinil 25-200 mg Q AM)

 Antiglutamatergic agents (for mod-extreme
agitation, consider gabapentin [monitor renal fxn]
or VPA [monitor LFTs and platelets]

Maldonado JR, Acute Brain Failure Pathophysiology, Diagnosis, Management, and Sequelae of Delirium. Critical Care Clinics 2017
Academy of Consultation-Liaison Psychiatry
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Prevention: Dopamine Antagonists/ Antipsychotics (APAs)
 Some evidence suggests that APAs might help with delirium prevention in some
patients at risk for delirium

Academy of Consultation-Liaison Psychiatry
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Prevention: Dopamine Antagonists/ Antipsychotics
 Five studies (N = 1,491) with
prophylactic APA (haloperidol [3
studies], risperidone [1 study],
olanzapine [1 study]) in older postsurgical patients
 The pooled relative risk 
50% reduction in the relative risk of
delirium versus placebo
 RR(95% CI): 0.51 (0.33– 0.79)

Teslyar P et al, Prophylaxis with Antipsychotic Medication Reduces the Risk of Post-Operative Delirium in Elderly Patients: A Meta-analysis, Psychosomatics 2013
73

Prevention: Dopamine Antagonists/ Antipsychotics
 Although meta-analysi, concluded that APAs not helpful for delirium prophylaxis, most
studies demonstrated positive effect
 Exception  Vochteloo 2011 pts with hip fractures compared to historical control when
delirium identification program was not yet instituted

Neufeld KJ et al, Antipsychotic Medication for Prevention and Treatment of Delirium in Hospitalized Adults: A Systematic Review and
Meta-Analysis, Journal of American Geriatric Society 2016
Academy of Consultation-Liaison Psychiatry
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Prevention: Dopamine Antagonists/ Antipsychotics
 14 RCTs: authors conclude that there are no differences in delirium incidence or duration,
hospital LOS, or mortality between HAL vs PBO for delirium prevention and limited evidence
that second-generation APAs may lower delirium incidence post-operatively
 Short-term APA use appears to be safe in terms of neurologic and cardiac side effects

Oh ES et al, Antipsychotics for Preventing Delirium in Hospitalized Adults: A Systematic Review, Annals of Internal Medicine, 2019
Academy of Consultation-Liaison Psychiatry
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Treatment: Dopamine Antagonists/ Antipsychotics (APAs)
 APAs classically have been pharmacologically first-line treatment for delirium,
although not FDA approved
 Review of 28 prospective studies (N = 1,080): 75% of patients w/ delirium receiving
short-term Tx w/ low-dose APAs experience clinical response
 Rationale for use of dopamine antagonists include:
– To manage distressing symptoms of patients, especially when patient poses a safety risk to self or
others or impeding essential aspects of his/her medical care
– To manage abnormally elevated levels of dopamine
– To provide restoration of putative hippocampal functions (eg, short-term memory) and reverse
other regional brain disturbances (eg, agitation, psychosis, primitive reflexes)
– To protect neurons against hypoxic stress and injury
Meagher DJ et al, What Do We Really Know About the Treatment of Delirium with Antipsychotics? Ten Key Issues for Delirium Pharmacotherapy, Am J Ger Psychiatry 2013
Thom RP et al, Delirium in hospitalized patients: Risks and benefits of antipsychotics, Cleveland Clinic Journal of Medicine 2017
Maldonado JR, Acute Brain Failure Pathophysiology, Diagnosis, Management, and Sequelae of Delirium. Critical Care Clinics 2017
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Treatment: Dopamine Antagonists/ Antipsychotics (APAs)
 2018 Cochrane review of hospitalized non-ICU patients1
– 9 trials (N = 727)
– No reported data to determine if APAs altered the duration of delirium, length of hospital stay,
discharge disposition, or health-related quality of life
– APAs did not reduce delirium severity, resolve symptoms, or alter mortality (poor data quality)
– EPS not more frequent with APAs compared to PBO or between classes of APAs

 2019 Systematic review of hospitalized patients2
–
–
–
–
1.
2.

26 RCTs and observational studies (N= 5,607)
routine use of HAL or 2nd gen APAs not supported for treating delirium
No differences in hospital length of stay, sedation, delirium duration and mortality
No difference in mortality, minimal neurologic side effects; some increase in cardiac side effects
for 2nd gen APAs (ziprasidone)

Burry L et al, Antipsychotics for treatment of delirium in hospitalised non-ICU patients, Cochrane Database Syst Rev, 2018
Nikooie R et al, Antipsychotics for Treating Delirium in Hospitalized Adults: A Systematic Review. Annals of Internal Medicine, 2019
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Treatment: Dopamine Antagonists/ Antipsychotics (APAs)
 Patients w/acute respiratory failure or shock (N = 566) 
– up to 20 mg/d IV HAL (N = 192), or
– up to 40 mg/d ziprasidone (N = 190), or
– PBO (N = 184)

 89% hypoactive delirium vs 11% hyperactive delirium
 APAs had no significant effect on the primary end point
of # days alive w/o delirium or coma
 No difference in EPS; ziprasidone had more QTc
prolongation
 90% of patients received analgesics or sedatives
Girard TD et al, Haloperidol and Ziprasidone for Treatment of Delirium in Critical Illness, N Eng J Med, 2018
Academy of Consultation-Liaison Psychiatry
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Prevention: Cholinesterase Inhibitors
 Mostly case reports suggest that
acetylcholinesterase inhibitors may
be effective in prevention of
delirium
 Consider in patients with cognitive
dysfunction, dementia, to decrease
risk of future delirium episodes
and/or severity
 Side effects: cardiac, diarrhea

Maldonado JR, Acute Brain Failure Pathophysiology, Diagnosis, Management, and Sequelae of Delirium. Critical Care Clinics 2017
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Treatment: Cholinesterase Inhibitors
 Rivastigmine:
– Case reports and series demonstrating usefulness
– Van Eijk ICU study (N = 104) terminated early due to possible increased mortality in rivastigmine
group (increased delirium duration)

 Physostigmine
– A fast, short-acting cholinesterase inhibitor that increases synaptic AcH and can overcome the
postsynaptic muscarinic receptor-blockade produced by anticholinergic agents.
– Can reverse both central and peripheral anticholinergic receptors, and has been successfully used
to treat emergence delirium
– Can be used in patients with prominent anticholinergic Sxs

Maldonado JR, Acute Brain Failure Pathophysiology, Diagnosis, Management, and Sequelae of Delirium. Critical Care Clinics 2017
Van Eijk MM et al, Effect of rivastigmine as an adjunct to usual care with haloperidol on duration of delirium and mortality in critically ill patients: a multicentre, double-blind,
placebo-controlled randomised trial. Lancet 2010
Academy of Consultation-Liaison Psychiatry
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Melatonin Agonists
 Prevention:
– Multiple studies suggesting benefit
– Meta-analysis of older peri-operative
patients at risk demonstrated decreased
odds of delirium (odds ratio 0.63 (95% CI
0.46 to 0.87)1

 Treatment:
– Several studies of melatonin and ramelteon
in treatment of delirium2

1.
2.

Campbell AM et al, Melatonin for the prevention of postoperative delirium in older adults. BMC Geriatrics 2019
Maldonado JR, Acute Brain Failure Pathophysiology, Diagnosis, Management, and Sequelae of Delirium. Critical Care Clinics 2017
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Alpha-2 agonists

 Treatment:
– Dexmedotomidine

 Prophylaxis:
– Dexmedotomidine
 Shown to decrease incidence of delirium
in cardiac surgical patients1
 Cochrane analysis: dexmedetomidine may
shorten delirium duration, duration of
mechanical ventilation and length of ICU
stay2
 Low-dose cycling at night might decrease
incidence of delirium3

1.
2.
3.

 Studies and meta-analyses indicating
effect in cardiovascular & liver Tx patients
 Side effects: bradycardia

– Clonidine
 Greater blood pressure-decreasing effect
 Available in patch
 Studied in alcohol withdrawal

– Guanfacine
 Most selective alpha-2 agonist
 Can be used to taper off dex
 Decreases use of dex in ICU (Maldonado et
al, Stanford, unpublished data)

Maldonado JR et al, Dexmedetomidine and the reduction of postoperative delirium after cardiac surgery. Psychosomatics 2009
Burry L et al, Pharmacological interventions for the treatment of delirium in critically ill adults, Cochrane Database Syst Rev, 2019
Skrobik Y et al, Low-Dose Nocturnal Dexmedetomidine Prevents ICU Delirium. A Randomized, Placebo-controlled Trial. Am J Respir Crit Care Med 2018
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Glutamate Antagonists and Ca2+ Chanel Blockers
 Hyperactive delirium: can consider VPA
or gabapentin1
 Valproic acid
 No RTCs; several case series
 Bourgeois et al (N = 6)2; Sher (N = 13)3,
Gagnon et al (N = 53)4
 Used in hyperactive or mixed delirium
 Monitor LFTs, platelets, amylase; aware of
drug-drug interactions

 Hypoactive delirium: can consider
amantadine or memantine1

 Especially in cases associated with
intracranial processes, such as TBI
 Amantadine – renal clearance; consider
concern for seizure threshold lowering

 Gabapentin

 RTC (N=697)5 of peri-op preventative
Gabapentin did not reduce post-op
delirium
 Renally cleared

1.
2.
3.
4.
5.

Maldonado JR, Acute Brain Failure Pathophysiology, Diagnosis, Management, and Sequelae of Delirium. Critical Care Clinics 2017
Bourgeois JAet al, Adjunctive valproic acid for delirium and/or agitation on a CL service: a report of six cases. J Neuropsychiatry Clin Neurosci 2005
Sher Y et al, Adjunctive Valproic Acid in Management-Refractory Hyperactive Delirium: A Case Series and Rationale. J Neuropsychiatry Clin Neurosci 2015
Gagnon DJ et al, Valproate for agitation in critically ill patients: A retrospective study. Critical Care Clinics 2017
Leung JM et al, Perioperative Gabapentin Does Not Reduce Postoperative Delirium in Older Surgical Patients: A Randomized Clinical Trial. Anesthesiology 2017
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Stimulants
 May help to promote wakefulness, help with mobilization and attention
 Amantadine
– Can be especially considered with patients with TBI1; help
w/neurocognitive recovery/stimulation
– Renally dosed

 Modafinil
– Can promote wakefulness
– No studies in delirium

 Psychostimulants
– Methylphenidate might be helpful in patients with cancer and
hypoactive delirium2, 3
1.
2.
3.

Giacino DT et al, Placebo-Controlled Trial of Amantadine for Severe Traumatic Brain Injury, NEJM 2012
Gagnon B et al. Methylphenidate … improves cognitive function in patients with advanced cancer and hypoactive delirium: a prospective clinical study. J Psych Neurosci 2005
Elle D et al, Using psychostimulants in end-of-life patients with hypoactive delirium and cognitive disorders: Can J Psychiatry 2010.
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Sleep Regulation
 Non-pharmacological
 Melatonin or ramelteon
 Suvorexant – orexin antagonist
– A prospective open study in pts with stroke: addition of
suvorexant instead of GABA-receptor agonist to
ramelteon associated with improved sleep, decreased
delirium incidence (7% vs 31%; P < .001) and hospital
stay (21 vs 25 days; P = .019)1
– RCT (N = 72) of hospital pts  delirium less with
suvorexant (0%) vs no PBO (17%)2

 Other agents?
1. Kawada K et al, Addition of Suvorexant to Ramelteon Therapy for Improved Sleep Quality with Reduced Delirium Risk in Acute Stroke Patients, Journal of Stroke and
Cerebrovascular Diseases 2019
2. Hatta K et al, Preventive Effects of Suvorexant on Delirium: A Randomized Placebo-Controlled Trial. J Clin Psychiatry 2017
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Treatment of Delirium: Hyperactive vs Hypoactive
Hypoactive

Hyperactive

1. Review all Rx: minimize use of agents with high
anticholinergic potential, CNS depression

1. Review all Rx: minimize use of agents with high
anticholinergic potential, CNS depression

2. Avoid benzodiazepines

2. Avoid benzodiazepines

3. Consider following agents for management

3. Consider following agents for management

 Melatonin (3-10 mg Q 2000)

 Melatonin (3-10 mg Q 2000)

 Dopamine antagonists (low dose HAL 0.125-0.5
mg IV QHS; aripiprazole 0.5-1 mg Q am)

 Dopamine antagonists (for moderate-extreme
agitation, consider IV HAL; for mild agitation,
consider RIS, lurasidone, quetiapine)

 Stimulants (amantadine 25-100 mg BID-TID;
modafinil 25-200 mg Q AM)

 Antiglutamatergic agents (for mod-extreme
agitation, consider gabapentin [monitor renal fxn]
or VPA [monitor LFTs and platelets]

Maldonado JR, Acute Brain Failure Pathophysiology, Diagnosis, Management, and Sequelae of Delirium. Critical Care Clinics 2017
Academy of Consultation-Liaison Psychiatry
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THE IMPORTANCE OF DIAGNOSISNG, TREATING, AND
PREVENTING DELIRIUM
 Delirium is prevalent, problematic, and costly
–It is a harbinger of impaired function and dementia
 It provides a wealth of opportunities
–referrals, research grants, lectures, and improved care
 Facilitates mentoring and interdisciplinary care and
collaborative efforts
Academy of Consultation-Liaison Psychiatry

INTERDISCIPLINARY EDUCATION
 How does one teach?
–By acting as a role model
–By building and shaping experiences
 At the right time, in the right place, with the right
language, and with the right approach

Academy of Consultation-Liaison Psychiatry

ASSESS LEARNING STYLES
 Determine if learners prefer to:
–Hear
–See
–Do
 Ask the learners
 Adapt your presentation as necessary
 Make teaching relevant to the needs of the learner
 Provide layered learning
Academy of Consultation-Liaison Psychiatry

ESTABLISH LEARNING OBJECTIVES
 State them clearly
 Align them for the learner’s level
 Measure the learner’s performance

Academy of Consultation-Liaison Psychiatry

PREPARE ADEQUATELY

 Align your efforts with the program’s goals and curriculum
 Use best practices from the literature and personal experience
 Compile relevant resources
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USE APPROPRIATE METHODS

 Align your methods with the learning objectives
 Ensure that your methods are feasible, practical, and ethical
 Consider using innovative methods to achieve your objectives
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Six Blind Men and an Elephant
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FACILITATE LEARNING: THE BENEFITS OF HUMOR
 Education
–Story-telling
–Parables
 Limbic connections
 Modulation of affect
–Tension reduction
 Word play
 Puns
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MAKE TEACHING ENGAGING
 Define the objectives
 Set the time frame
 Develop an approach to problems
–To differential diagnosis, evaluation, treatment, and
prevention
 Learn when and how to interrupt
–To clarify, to educate
 Build a curriculum
 Be supportive and provide feedback
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HUMOR : AS A TENSION REDUCER
 Few things cut through tension as quickly as humor
–e.g., as a neurologist was examining an unresponsive 70year-old man with a recent stroke
 to determine his prognosis for a meaningful life

–The patient’s cardiac monitor sounded a musical alert
signifying cardiac arrest
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TENSION REDUCTION...
–Without missing a beat the neurologist looked up from his
task and said:
 “Does that mean I win the car?”
–Laughter erupted from doctors and nurses in attendance and
seconds later CPR was initiated.
 The tune, reminiscent of one from a game show,
temporarily reduced tension surrounding a life and death
situation, and allowed efficient care to take place.
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HUMOR: AS A GUIDE TO CONCEPTUAL UNDERSTANDING
 Teaching about delirium…
–Did you hear the story about the two truck drivers?
–One didn’t think his blinkers were working so he asked the
other trucker to see if they were working?
–He went to look, and said:
 “They’re working, they’re not working, they’re working,
they’re not working,…”
 That’s the way delirium presents…with episodic
confusion and lucidity…
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KNOW AND TRUST THE LIMBIC SYSTEM
 George B. Murray, M.D., S.J.
–4th Chief of the MGH C-L Service (1990-1995)
and long-time Director of the Fellowship
Program in C-L Psychiatry, MGH
–He said that he learned as much or more
from non-human primates as he had from his
colleagues
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ASSESS NEOCORTICAL AND LIMBIC FUNCTION
 Tell the “Frank Jones story” (dead-panned)
–“I have a friend whose name is Frank Jones.
–His feet are so big he has to put his pants on over his head.
– What do you think of that?”
 Type I: normal; “gits” it (limbic) and “gets” it (cortical)
 Type II: abnormal, “gits” it (smiles/laughs, but doesn’t
know it can’t be done
 Type III: abnormal, neither “gits” it nor “gets” it; doesn’t
smile and doesn’t know it can’t be done
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WHEN TEACHING...PROVIDE USEFUL FEEDBACK
 Consider the “feedback sandwich”
–Positive-Negative-Positive
 Employ the STAT mnemonic
–Specific
–Timely
–Actionable
–Thoughtful
 Cynthia Cooper, M.D. (MGH Department of Medicine)
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MEMORABLE CASES ENHANCE LEARNING
 Memorable cases
–Bizarre
–Outrageous
–Life-threatening
–Rare
 Linked with affect
–Paraphrasing “Deep Throat”…follow the
affect
 Stimulate the search to learn more
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ASK AND ANSWER KEY QUESTIONS
 Who
 What
 Where
 When
 Why
 How
–Be aware of your target audience’s needs
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AN EXAMPLE OF INTERDISCIPLINARY LEARNING...
 LEARNING ABOUT AGITATION, CONFUSION, AND ALTERED
MENTAL STATUS:
–A PROGRAMMED TEXT
 PRE-TEST
 PROGRAMMED TEXT
 POST-TEST
 THEODORE A. STERN, MD
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CONCLUSION
 Thank you for your attention
 Enjoy and have fun!
 Remember:
–“From those to whom much is given, much is expected.”
 Bill Gates and others…
 Questions?
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