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Delirium

Jo Ellen Wilson'-2 1, Matthew Mart', Colm Cunningham®, Yahya Shehabi®, Timothy D.
Girard'® Alasdair M.J. MacLullich, Arjen J.C. Siooter®, E. Wesley Ely' 3910

DSM-5 diagnhostic criteria

construct. In the current edition of DSM, DSM-5 (ref.?), among five criteria (A-E), the
presence of disturbances in attention and awareness (criterion A; for example, reduced
orientation to the environment or altered arousal'?®) and at least one other cognitive deficit
(criterion C) that has developed over a short period, specified as “usually hours or days”
(criterion B), are required for a delirium diagnosis. Coma is excluded as a disturbance of
attention or awareness but the guidance notes state that patients above the level of coma
who are unable to produce speech or engage in cognitive testing or interview should be
classified as having ‘severe inattention” and thus fulfill criterion A. Criteria D and E relate
to exclusion of alternative explanations for the disturbances in criteria A and C, such as
other neurocognitive disorders (criterion D) or medical conditions, drug use or withdrawal

or toxin exposure (criterion E). The International Classification of Disease 10" Edition



Box 2.

Delirium prevention in different healthcare settings

g243.265

Consensus guideline make a number of recommendations for delirium prevention

in various healthcare settings.
General settings

Multicomponent interventions:

. Early recognition of high-risk factors (age >65 years. dementia, hip surgery,
and high acuity)

. Daily screening for delirium

. Environmental orientation (sensory, auditory, dentures, time, events, family

visits and music)

. Maintain normal hydration

. Regulation of bladder and bowel function

. Early establishment of normal diet

. Correction of metabolic disorders

. Cardiorespiratory optimization (with provision of oxygen if appropriate)
. Early identification of infection

. Effective treatment of pain

. Daily mobilization

. Avoidance of antipsychotic drugs

. Avoidance of benzodiazepines

. Reduced nocturnal disturbances to promote sleep

. Early removal of devices (intravascular and airway devices)
. Avoidance of physical restraints

. Sleep promotion (eye mask and earplugs)

Pharmacological interventions:

. None with high-level evidence
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Premorbid factors

Postoperative

. Advanced age, . Visual and hearing impalrment Intensive care
. Dementia . Depression .
L Low education ¢ Alcohol abuse Véntikited
+  High comorbidity *  lllicit drug, opioid or benzodiazepines use General hospital
. Frailty . Poor nutrition
. History of delirlum
Factors relating to presenting illness @ \\ Post-admission factors
* Surgical stress *  Acute infections ) *  Pain * Invasive devices
* Cardiovascular *  Surgery = Infection * Physical restraints
* Major abdominal * Dehydraticn \ * Invasive devices * Poorsleep
* Aortic surgery * Electrolyteimbalance * Immobility *  Opioids
¢  General *  Acute kidney Injury *  Metabolic abnormalities * Psychoactive drugs
*  Major joint * Liver dysfunction \ * Prolonged ileus * Benzodiazepines
* Emergency operation *  Drug withdrawal * Blood transfusion * Anticholinergic agents
* Comorbid diseases *  Seizures and heart failure e ¢ Family visit
* Cigarette smoking * Highalcohol intake )m\,k * Al hospitaland postoperative . Mopbility
factors +  Fall risk

Severity of illness
Unplanned admission
Medical admission
Prior education level
Multiple comorbidities
Sepsis

hours

Figure 1. Risk factors for delirium.

Failure of non-invasive ventilation
Ventilation longer than 96 hours

Opioids
Polypharmacy

Sleep deprivation
Environmental factors
Day night orlentation
Communication
Family visits

Deep sedation

Longer duration of ventilation
Infusions of benzodiazepines and
oploids

Antipsychotics

Tracheostomy

Physical restraints

Risk factors for delirium relate to premorbid or predisposing factors (that is, a patient’s

characteristics) and to precipitating factors, which are factors relating to the presenting

illness or that occur after hospital admission.
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Phenotypes and subphenotypes e

of delirium: a review of current categorisations
and suggestions for progression

Emily M, L, Bowman'"®, Emma L. Cunningham’, Valerie J, Page? and Daniel F, McAuley®

“Bowman etal. Crit Care  (2021)25:334 Page 3 of 13

Treatable Trait 1 Treatable Trait 2

Treatable Traits

Treatable Trait 3

Fig. 1 Phenotypes, subphenotypes, endotypes, and treatable traits. Examples of the potential methods for dividing the delirium phenotype into
subphenotypes. This may be translated into endotypes, which depend on the characteristics of the subphenotype. Endotype identification may
allow the development of treatments targeting specific traits. One person may possess maore than one treatable trait
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Figure 4. Major mechanisms in delirium pathophysiology.
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Fig.3. Mechanism(s) underdying the exacerbation of cardiovascular disease due to mental

Y

Cardiovascular Disease

stress, Mental stress induces two kinds of responses: physiological and behavioral
responses. In rerms of physiological responses, the symparhetic nervous system and
HPA axis arc activated. Under the activation of these two major systetns, a wide vari-
ety of cellular evenrs are involved in the pathogenesis of cardiovascular discase.

In addition, various stress-responsive huroral factors are regulared, including neurotroph-
ins and uwrocortin.
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Stress triggers coronary mast cells leading to cardiac events

Michail Alevizos'# Anna Karagkouni':S, Smaro Panagiotidou', Magdalini Vasiadi', and
Theoharis C. Theoharides'234

"Molecular Immunopharmacology and Drug Discovery Laboratory, Department of Integrative
Physiology and Pathobiology, Boston, MA 02111, USA

2Department of Internal Medicine, Tufts University School of Medicine, Tufts Medical Center,
Boston, MA 02111, USA

3Department of Biochemistry, Tufts University School of Medicine, Tufts Medical Center, Boston,
MA 02111, USA

“Department of Psychiatry, Tufts University School of Medicine, Tufts Medical Center, Boston,
MA 02111, USA

Keywords

allergy: corticotropin-releasing hormone: heart: inflammation: interleukin 6; mast cell; stress:
urocortin

Introduction
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Stress
CRH/urocortin

Neurotensin l /Subsmnce P

Adenosine =<1 M t Cell e Thrombin
M | T Endothelin
ROS — - L,-:,

Histamine Renin Chymase and Tryptase IL-6 IL-8 TNF PAF

| 1 Angiotensin Il l *Inflammation Inflammation Leukocyte : Platelet activation

*MMPs activation chemotaxis Inflammation

MMPs activation

Figure 2.
Diagrammatic representation of the possible triggers of cardiovascular MC and their key
mediators with CAD-relevant actions and major pathological sequellae.
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Alterations of Expression of the Serotonin 5-HT4
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y Abstract: The serotonin 4 receptor, 5-FHT4R, represents one of seven different serotonin receptor
L families and is implicated in a variety of physiological functions and their pathophysiological
4 variants, such as mood and depression or anxiety, food intake and obesity or anorexia, or memory and
"

= = e LSIS 5 OO 5 [& < = BV ese [ > | 3 s -

memory loss in g ER: : m
in particular in caudate putamen, the hippocampus and to lesser extent in the cortex, predispose it
for a role in executive function and reward-related actions. In rodents, regional overexpression or
knockdown in the prefrontal cortex or the nucleus accumbens of 5-1'TyR was shown to impact mood
and depression-like phenotypes, food intake and hypophagia; however, whether expression changes
are causally involved in the etiology of such disorders is not clear. In this context, more data are
emerging, especially based on PET technology and the use of ligand tracers that demonstrate altered
5-HT4R expression in brain disorders in humans, confirming data stemming from post-mortem tissuc
and preclinical animal models. In this review, we would like to present the current knowledge of
5-HT4R expression in brain regions relevant to mood /depression, reward and executive function
with a focus on 5-HT4R expression changes in brain disorders or caused by drug treatment, at both
the transcript and protein levels,

Keywords: serotonin; 5-HT 4 receptor; 5-HT4R; depression; mood disorder; expression; Alzheimer’s
disease; cognition; Parkinson’s disease
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Figure 2. Relations between gut microbiota and eating behavior. The gut microbiota controls the eating
behavior by several mechanisms, including changes to rece TS to , regulation

of reward pathways, production of toxins that alter mood, and deviating neurotransmission via the

vagus nerve.
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Patient admitted to the hospital

HHS Public Access

Authot matuscrpt
JAMA Asthor massiceryt. wotilable 5 PMC X8 Soppersher M4
* Fabhihed = fzal et foecx 1o
JRMA 2017 Septaezhar 28 S18125 JE60-1ITE e 10,1000 Suu 201712067
Assess delirium risk® ——3  Patients at high risk for delirium

* * I‘J‘eirlun; l:\ Older:rsom:
Assess cognitive function Implement multicomponent, ; ;
Formal assessment to establish <€—— nonpharmacologic strategies bl plaaialic e o ke i e s
baseline cognitive function to prevent delirium (see (A))

v

Identify any acute change In Delirium present? Mo Exclude conditions other than delirium
mental status from baselines —» Screan with a validated = possibly causing change in mental status
delinum instrument Damenta (alone)
Depression
Yes Acute psychosis
Mania
Confirm delirium diagnosis®
1
4 v v 4
Identify and treat underlying Prevent complications Measure delirium severity
causes and contributing factors Protect ainway, prevent aspiration Manage delirlum symploms for changes over time

\

Perform clinical evaluation
History (including alcohal

and drug use)

Physical examination

Vital signs

Search for occult infections,
matabolic abnormalities

Review medications

Mryimize Beers criteria medications®
Use lesz harmful alternatives
Administer lowest affective doses

\

Potential contributing
factor identified?

No

=

Yes

"

Evaluate and treat

as appropriate evaluation

Provide nutritional support
Provide skin care

Pravent pressure sores

Mobilize to prevent deep venous
thrombosis, pulmonary embolism,
urinary tract infection

Perform additional clinical

Laboratory tests: CBC, urinalysis,
toxicology screen, liver function,

thyroid functicn, By

Cmer tests: anerial blodd gas,
chest radiograph, EKG. EEG
Neuroimaging: Head CT, brain MRI

Lumbar puncture

|

v

Nonpharmacologic strategies’
Early mobility; svoid restraints and
tothers (Foley catheters)
Family involvement, orientation, and
cogrvtive stimulation
Ensure patient has eyeglasses and
hearing aids or other assistive devices as
needed
Encourage adequate hydraticn and
nutntion
Maintain slesp-wake cycls
Uninterrupted sleep time; low-level
lighting at might
Sleep protocols rvolving massage,
spothing music, herbal tea, warm milk

.Phamacologic strategies
Management of savere agitation?
Start with a low dose of 1 of the drugs
listed below, maintain effective dose
for about 2 d befora tapering
Saroquel, oral (12.5-25 mg twice daily)
Clanzapine, oral (2 5-5 mg twice daily)
Risparidone, orai (0 5-1 my twice daily)
Haloperidol, oral or infravenous
|0.25-0.5mg, may regeat every 20-30
min, not to excead 3-5 mg in 24 h).
Due to risk of torsades de pointes.
wiravenous halopendol should be
administered n monitored setlings only
Management of sleep-wake cycle
Melatorin, oral {3-5 mg at hedtima)
Ramalteon, oral (Bmg 31 badbtme)
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The Maudsley Prescribing Guidelines in Psychiatry

Table 9.1 Drugs used to treat delirium

Drug Dose

Adverse effects

Notes

First-generation antipsychotics

Hzloperidol? 57111821 Oral 0.5—-1 mg bd
with additional
doses every 4 hourly
as needed.

(peak effect: 4—6h)
IM O0.5-1mg,
observe for

30-60 minutes and
repeat if necessary
(peak effect: 2040
minutes)

Second—genes:at;on Sntipsychotics

Amisulipeade ™™ 23223 Oral 50-300mg od,
up to a maximum of

800 mg od

Doses higher than

300 mg should be

given in two divided

doses

Crzal 5-15 mag/day,

uUp 1o 2 maximum of

30 mag/day

Qlanzapine®>—=* Oral 2.5-5Smg od,
' up o 2 Mmaximum ofF

20 mg/day

EiFi'VS' ca}; o}cur espécially Va§
doses above 3mg

Prolonged QT interval

Increased risk of stroke in
patients with dementia

Prolonged QT interval
Increased risk of stroke in
patients with dementia

EPS less likely than with
hatloperidol

Akathisia or worsening sleep
cycle may be problematic

Increased risk of stroke in
patients with dementia

EPS less likely than with
haloperidol

Sedation is the most
commonly reported adverse
effect

Increased risk of stroke in
patients with dementia

trial data has demonstrated
superiority of other antipsychotid
over haloperidol, however care
must be taken to monitor for
extrapyramidal and cardiac
adverse effects

Baseline ECG is recommended g
all patients, and especially for ths
elderly or those with a family or

personal history of cardiac dise.

Regular monitoring of the ECG -
and potassium levels should be |
carried out if there are other -
conditions present that may
prolong the QT interval

Avoid in Lewy body dementia am
Parkinson’s disease b
Avoid intravenous use where
possible. However in the medica|
ICU setting, IV is often used with
close continuous ECG monitori =

As amisulpride is almost entirely
excreted via the kidneys it is
imperative to monitor renal

ill or elderfy patients

Very limited evidence

The rapid-acting intramuscular
preparation has not been
assessed in the treatment

of delirium

risperidone, haloperidol and
quetiapine showed that all were
equally efficacious and safe in
treatment of delium, but the
response rate to olanzapine was
poorer in the older age group
{(>75years)*® .

The rapid-acting IM preparation |
has not been assessed in the L
treatment of delirium




Dose

Adverse effects Notes

Oral 0.5mg bd with
additional doses
every 4 hourly

as needed

Usual maximum
4 mg/day

The most commonly
reported adverse effects
are hypotension and EPS

A trial comparing risperidone

with olanzapine showed that both
were equally effective in reducing
delinum symptoms but the
response to risperidone was poorer
-in the older age group (>70yearsy®

Increased risk of stroke in
patients with dementia

Oral 12 5-50mg bd
This may be
increased every

12 hours to 200mg
daily if it is well
tolerated

i Ziprasidone® IM 10mg every

There are an increasing number

of tnals demonstrating safety and
efficacy of low-dose quetiapine
compared with haloperidol both in
and outside the medical ICU. Now
first choice agent in many units

Sedation and postural
hypotension are the maost
common reported adverse
effects

Increased risk of stroke in
patients with dementra

QT prolongatlon
Increased risk of stroke in
patients with dementia

Very Ilmuted evidence.
Not available in the UK

2 hourly
] Usual maximum
40mg/day
: Benzodiazepines
Crali

-
j Lorazepam’57
-

0.25~1mg every 2 to
4 hourly as needed
Usual maximum
3mg in 24 hours

IV use is usually
reserved for
emergenoes

Diazepam**

Starting oral dose
of 5-10mg

In the elderly a
starting dose of 2mg
is recommended

Used in alcohol or sedative/
hypnotic withdrawal, Parkinson's
disease and NMS

Otherwise — avoid

More likely than
antipsychotics to cause
respiratory depression,
over-sedation and
paradoxical excitement

Associated with prolongation
and worsening. of delirium
symptoms

Much longer half Ilfe than
lorazepam

Used in alcohol or sedative/
hypnotic withdrawal, Parkinson's
disease and NMS

Otherwise — avoid

Associated with prolongation
and worsening of delirium
symptoms

 Cholinesterase inhibitors

Donepezils.s Oral 5mg od

Rivastigmine*’4*

Oral 1.5-6 mg;ﬂ

Reasonably well tolerated
compared with placebo.
Nausea, vomiting and
diarrhoea are the most
cormnmon adverse effects
reported

Very limited evidence. In the smaﬂ
studies where it has been used,
clinical benefits have not been
convincing. Not recommended

Use of rivastigmine to treat
delirium in critically ill patients is
not recommended. May have a
place in delirium prevention*®

A stu dy whrch added
rivastigmine to usual care
(haleperidol) showed that
rivastigmine did not decrease
the duration of delirium but
in fact was associated with a
more severe type of delirium,
a longer stay in intensive care
and higher mortality
compared with placebo




Iy

Incidence of Delirium and Its Outcomes

Population Prevalence (range) +, Incidence Outcomes (Adjusted Relative Risl-:r-"', ER)
(range)
Surgical
Cardia - Cognitive Dhysfunction (BR=1.7)
ardac 11%-46% Functional Decline (RE.=1.9)
. i Functional Decline (RE.=2.1)
Nen-Cardiac 13% - 50% Cognitive Dysfimction (RR = 1.6)
. 17% Dementia/ Cogmifive Dysfunction (FE. = 6.4 - 41.2)
Orthopedic 12% — 51% Institutionalization (RE. = 3.6)
Medical
. 18% — 35% Mortality (RR=1.5-1.6)
General Medical 11% — 14% Functional decline (RR = 1.5)
o . 159 Falls (RR =1.3)
Genatmc Units Mortality (RR = 1.9)

20% — 29%

Institutionalization (R = 2.3)

Intensive Care

T%—-30%

19% - 82%

Mortality (RR=1.4-13.0)
Longer LOS (RE.=14-2.1)
Extended Mechanical Ventilation (EE. = 8.6)

Stroke

10% - 27%

Mortality (RE. = 2.0)
Any of 3 outcomes: increased LOS, fimctional impairment, or death
(RR=2.1)

Dementia

18%
6%

Cognitive Decline (FE. = 1.6-3.1)
Institutionalization (EE = 9.3)
Mortality (RR. =5.4)

Palliative Care/Cancer

Nursing Home/Postacute Care

14%

20% - 22%

Mortality (BF.=4.9)

Emergency Department

Mortality (RR = 1.7)




General Medicine Surgery Intensive Care Unit
Risk Factors Nen-cardiac | Cardiac
Relative Risks
Predisposing factors
Dementia 2347 28
Cognitive impairment 2128 3542 13
History of delirum 30
Functional impairment 4.0 25-33
Vision impairment 2135 1.1-30
Hearnng impairment 1.3
Comeorbidity/severity of illness 1356 43 11
Depression 32 1.2
History of transient ischemia/stroke 1.6
Alcohol abuse 3.7 14-33
Older age 4.0 3366 11
Precipitating Factors
Medications
Multiple medications added 29
Psychoactive medication use 45
Sedative-hypnotics 43
Use of physical restraints 3244
Use of bladder catheter 24
Physiologic
Elevated serum urea 31 11
Elevated BUN/creatinine ratio 20 29
Abnormal semum albumin 14
Abnomal sodium, glucose, or potassium 34
Metabolic acidosis 14
Infection 31
Any iatrogenic event 1.9
Surgery
Aortic aneurysm g3
Non-cardiac thoracic 33
Neurosurgery 4.3
Tramma admission 34
Urgent admission 1.5
Coma 18-213




Overview of Potential Pathophvsiologic Contributors to Delinum

Biological factor Experiment/ Observation H}'purhesisrl Review?

Nenrofransmitters

Acetylcholine

Dopamine

Gamma-Aminobutyric-acid (GABA)

m | ] m
ololo]o

— Melatonin

Tryptophan. serctonim o X

| Glutamate, N-MMethyl-D-aspartate (INMDA) o
Epinephrine/N orepinephrine - b
Pro-anflammatery markers

Interferon (IFIN) a/p

E
Interleukin 6 (IL-&) O
Interleukin 8 (IL-2) QO b
Interleukin 10 (IL-10) o
Tumor MNecrosis Facter (TINF-a) -

B
B

"
"

Interleukin 1-§ (IL 1-8) -
Prostaglandin E (E2. EP1—4) - X X

Physiclogic stressors

Cortisol

S100B

Meopterm

olclo|o

Hypoxia

Metabolic disorders

Lactate EJO

Glucose (8]
Insulin-like growth factor 1 (IGF-1) (8]

B

Hypercapma - X X

Electrolvte disorders

Sodium. calcium magnesinm E/O

Genetic factors

Apolipoprotein E (ApcE) L8] X

Glucocorticoid receptor (o]

Dopamine transporter, receptor (o] b
Tell like receptor 4 -- X




Evaluation and Management of Suspected Delirium”

Evaluation of Delirium

History

Baseline cognitive fumction and recent changes in mental status (eg, family,
staff)

Pecent changes in condition. new diagnoses, review of systems

Feview all current medications, including over-the-counter medications and
herbal remedies

Peview any new medications and dmg interactions
Review alcohol and benzodiazepine use
Assess for pain and discomfort (2g, urnary retention, constipation, thirst)

Vital signs

Include temperature, oxygen saturation, fingerstick glucose

Postural vital signs as needed

Physical and neurological exanunation

Search for signs of oceult infection, dehydration, acute abdomen, deep vein
thrombosis, other acute illness. Assess for sensory impairments.

Search for focal nenrological changes and memingeal signs

Targeted laboratory evaluation (selected tests
based on clues from history and plysical)

Based on history and physical examination consider:

Laboratory tests: CBC, electrolytes. calenum, glucose, renal fumction, liver
fimction, thyroid function, urinalysis, cultures of urine, blood, sputum, dmg
levels, toxicology screen, ammonia level, vitamin B12 level, cortisol level

Arterial bleod gas
Electrocardiography
Chest X-ray

Lumbar punctore reserved for evaluation of fever with headache, and
meningeal signs, o suspicion of encephalitis

Targeted neurcimaging (selecred patients)

Assess focal neurological changes, sinee stroke can present as delinum
Suspicion of encephalitis for temporal lobe changes

History or signs of head trauma

Electroencephalography (selected patients)

Evaluate for occult seizures
Differentiate psychiatric condition from delinum




Management of Delirinm

Medication adjustments

Feduce or remove psychoactive medications (e.g., antichelinergics, sedative-
hypnotics, opioids); lower dosages; avoid PRINs

Substitute less toxic alternatives

Use nonpharmacelogic approaches for sleep and anxiety. including musie,
massage, relaxation techmques

Address acute medical 1ssues

Treat problems identified in work-up (e g.. infection, metabolic disorders)
Maintain hydration and nutrition

Treat hypoxia

Feorientation strategies

Encourage family invelvement; use sitters as needed

Address sensory impairment; provide eyeglasses. heanng aids. interpreters

Maintain safe mobility

Avoid use of physical restraints, tethers. and bed alarms, which can increase
delirium and agitation

Ambulate patient at least 3 times per day: active range-of-motion

Encourage self-care and regular communication

| Nommalize sleep-wake cycle

Daytime: Discourage napping. encourage exposure to bright light
Facilitate uminterrupted period for sleep at night

Quiet room at night with low level lighting: nonpharmacologic sleep protocol

Phammacoelogic management (severe agitation or
psychosis only)

Reserve for patients with severe agitation. which will result in mterruption of
essential medical therapies (e.g.. intubation) or severe psychotic symptoms

Start low doses and titrate until effect achieved; haloperidol 0.25-0.3 mgs.
po/IM

BID preferred; atypical antipsychotics close m effectiveness.

E3
BID=twice daily; CBC=complete blood count; IM=intrammscular: mgs=milligrams; po=by mouth: PRN=as needed medication.
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