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Abstract 

Delirium, a prevalent organ dysfunction in critically ill patients, is independently associated with increased morbid-

ity. This last decade has witnessed an exponential growth in delirium research in hospitalized patients, including 

those critically ill, and this research has highlighted that delirium needs to be better understood mechanistically to 

help foster research that will ultimately lead to its prevention and treatment. In this invited, evidence-based paper, a 

multinational and interprofessional group of clinicians and researchers from within the fields of critical care medicine, 

psychiatry, pediatrics, anesthesiology, geriatrics, surgery, neurology, nursing, pharmacy, and the neurosciences sought 

to address five questions: (1) What is the current standard of care in managing ICU delirium? (2) What have been 

the major recent advances in delirium research and care? (3) What are the common delirium beliefs that have been 

challenged by recent trials? (4) What are the remaining areas of uncertainty in delirium research? (5) What are some 

of the top study areas/trials to be done in the next 10 years? Herein, we briefly review the epidemiology of delirium, 

the current best practices for management of critically ill patients at risk for delirium or experiencing delirium, identify 

recent advances in our understanding of delirium as well as gaps in knowledge, and discuss research opportunities 

and barriers to implementation, with the goal of promoting an integrated research agenda.
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Brief introduction: epidemiology of delirium
De�nition

Delirium is a manifestation of acute brain dysfunction 

defined by the Diagnostic and Statistical Manual of Men-

tal Disorders (DSM-5) [1] as a disturbance in attention 

and awareness that develops over a short period of time, 

fluctuates, and is accompanied by a change in cognition. 

�ese disturbances are not explained completely by an 

established or evolving neurocognitive disorder/injury 
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(though it can exist superimposed on a primary cogni-

tive disorder/brain injury), and there is evidence that the 

disturbance is caused by a direct physiologic consequence 

of a medical condition, an intoxicating substance, medica-

tion use, or from multiple etiologies (Fig. 1).

Prevalence

Rates of delirium range from 20% to 40% among critically 

ill patients, with the higher rates of 60–80% observed in 

mechanically ventilated (MV) medical or surgical patients 

[2–4]. A substantial proportion of ICU patients have 

hypoactive delirium [5], and hypoactive delirium may 

portend worse outcomes than hyperactive delirium [6].

Delirium and outcomes

Delirium is a strong independent predictor of longer 

time on MV and in ICU, cost, and mortality, with every 

day with delirium being independently associated with 

an increased hazard of death of 10% [2]. �e attribut-

able mortality to delirium (whether delirium causes 

higher mortality) is difficult to ascertain and still under 

investigation. Moreover, delirium is a strong predictor of 

cognitive decline that persists for months to years after 

ICU, and is associated with patients not returning to 

their prior quality of life or employment [7–9].

�ere is much heterogeneity in delirium etiologies and 

thus different possible phenotypes (sepsis-associated 

delirium, sedation-associated delirium, etc.), yet very little 

evidence exists to support differences in outcomes based 

on etiological phenotypes. Lumping all delirium together, 

irrespective of etiology, has helped our understanding of 

the prevalence, risk factors, and outcomes associated with 

delirium, and to raise awareness of delirium and simplify 

implementation of monitoring and management pro-

grams. �e field will advance further when data allow us to 

characterize delirium etiology on the basis of pathophysi-

ology and prognosis, to better tailor therapeutic options.

Delirium risk factors

Delirium risk factors can be divided into vulnerability fac-

tors (e.g., age, comorbidities) and hospital-related precipi-

tating factors (e.g., acute illness and management related) 

[10]. Patients with increased vulnerability may be predis-

posed to delirium with the smallest of precipitating factors, 

Fig. 1 Acute brain dysfunction (delirium and coma)
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and vice versa. Of many known delirium risk factors, psy-

choactive medication (particularly benzodiazepines) use 

[11], drug-induced coma, sleep alterations [12], metabolic 

disturbances, and sepsis are common, potentially modifi-

able factors that clinicians should address when formulat-

ing delirium prevention and treatment strategies.

What is the current standard of care for managing 
delirium?
�e lack of feasible biomarkers or radiological findings 

hampers the promulgation of delirium as a major organ 

dysfunction when such markers exist for cardiac, renal, 

and respiratory dysfunction, yet delirium cannot be 

ignored given its associated outcomes.

Assessment tools

Delirium will frequently go unrecognized if clinicians 

do not screen patients with validated delirium monitor-

ing instruments. Based on their psychometric properties, 

the Society of Critical Care Medicine (SCCM) Pain Agi-

tation and Delirium (PAD) [13] guideline recommends 

the use of sedation scales to assess arousal level followed 

by the validated Confusion Assessment Method-ICU 

(CAM-ICU) [14] or the Intensive Care Delirium Screen-

ing Checklist (ICDSC) [15] to assess for delirium. All four 

domains of the CAM-ICU, anchored on the presence of 

inattention, are evaluated in a focused patient assessment 

usually taking less than 2  min to complete. �e eight-

domain ICDSC, in contrast, assesses four symptoms of 

delirium in a focused patient assessment (including inat-

tention) and four domains over the current and prior 

nursing shift, with four or more positive symptoms con-

sistent with delirium. �e importance of monitoring for 

delirium using one of these validated tools far outweighs 

their nuanced differences; choice of instrument should be 

based on clinician preference.

Prevention and management of delirium

Multicomponent, evidence-based bundles aimed at reduc-

ing ICU-acquired delirium have been proposed in the litera-

ture. For example, use of the ABCDEF bundle (Table 1) has 

been associated with a reduction in delirium and ventila-

tion time, with a recent large implementation study show-

ing additional survival benefits [16, 17]. �ese are before/

after and observational studies and thus their benefits need 

to be interpreted with caution. �e Early implementation 

of Comfort and Analgesia using minimal Sedation and 

Humane care (eCASH) [18] bundle is a relatively new con-

cept that is yet to be evaluated in clinical practice (Fig. 2).

With regards to pharmacological approaches, the SCCM 

guidelines [13] suggest the use of short-acting agents (e.g., 

propofol and dexmedetomidine) over benzodiazepines in 

MV patients, and that dexmedetomidine may be associ-

ated with improved delirium outcomes [19–23]. Access 

to early mobility and physical rehabilitation may shorten 

the duration of mechanical ventilation and reduce the risk 

and/or accelerate the resolution of delirium [24, 25].

While prevention remains the best strategy to com-

bat delirium, effective treatment of delirium is critical to 

accelerate its resolution. �e search for, and management 

of, delirium risk factors, such as sepsis, pain, hypoperfu-

sion, high fever, deliriogenic medications, and electrolyte 

imbalance is imperative and is the cornerstone for man-

agement in patients, and particularly those with hypo-

active delirium. Furthermore, it is important to rule out 

fearful hallucinations/delusions in any patient with hypo-

active delirium. Very limited data support any role for 

conventional antipsychotic therapy such as haloperidol, 

or atypical antipsychotics such as olanzapine, quetiapine, 

and ziprasidone, for either delirium prevention or treat-

ment in critically ill adults [26–28]. In MV and non-intu-

bated patients, dexmedetomidine has been associated 

with improved hyperactive delirium resolution [20, 29].

Table 1 The ABCDEF bundle targeting patient symptoms

ABCDEF bundle elements Symptoms being addressed Examples of monitoring tools to use

Assessment, prevention, and management of pain Pain Numeric Pain Rating Scale (NRS)
Behavioral Pain Scale (BPS)
Critical Care Pain Observation Tool (CPOT)

Both spontaneous awakening and breathing trials
Choice of sedatives and analgesia

Agitation or sedation Richmond Agitation-Sedation Scale (RASS)
Sedation-Agitation Scale (SAS)

Delirium assessment, prevention, and management Delirium
Weakness

Confusion Assessment Method for the ICU (CAM-ICU)

Intensive Care Delirium Screening Checklist (ICDSC)

Pediatric or Preschool Confusion Assessment Method for the ICU 
(pCAM-ICU; psCAM-ICU)

Cornell Assessment for Pediatric Delirium (CAPD)

Early mobility/exercise

Family engagement and empowerment
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What are the major recent advances in delirium 
research and care?
�e development of animal models to study acute brain dys-

function, the increasing ability to screen for delirium, and 

the creation of delirium networks have played an important 

role in advancing delirium research and advocacy.

Experimental models in acute brain dysfunction

�e induction of peritonitis by caecal ligation and punc-

ture in rodents is the most used animal model to study 

acute and long-term brain dysfunctions that are close to 

those observed in septic patients. �is induced brain dys-

function includes behavioral changes such as suppressed 

spontaneous activity and altered escape reflex that can 

be scored [30]. However any true cognitive dysfunc-

tion is embedded within, and perhaps masked by, severe 

sickness behavior (an adapted physiological response 

elicited by the limbic, neuroendocrine, and autonomic 

systems); most cognitive studies in sepsis therefore refer 

to dysfunction after peak illness has passed. �ere are 

now several validated tests for assessing psychological 

and cognitive functions that may remain impaired after 

sepsis in animal models, enabling objective assessment 

of functioning of particular brain structures or networks. 

�ere is also evidence of long-term affective and cogni-

tive changes in studied animal models [31, 32].

Measures such as glucose metabolism (fluorodeoxy-

glucose by positron emission tomography), electroen-

cephalography, and brain magnetic resonance imaging or 

spectroscopy are perhaps more informative during peak 

illness and it is necessary to establish criteria for these 

in animal models of acute brain dysfunction [33, 34]. An 

alternative approach has been to examine milder inflam-

mation, induced by lipopolysaccharide, on a background 

of existing brain vulnerability in models of neurodegen-

eration and aging. �ese studies have produced acute 

onset, fluctuating, and transient cognitive dysfunction in 

domains relevant to delirium [35].

Monitoring delirium in vulnerable populations

Delirium is grossly underdiagnosed and is surrounded by 

myths, such as delirium cannot be assessed in children or 

in the very old with concomitant cognitive impairment/

dementia, or in patients with neurological injury. �ese 

myths have recently been challenged.

Children

Approximately 40% of children and 50% of infants and 

toddlers experience delirium in the ICU [36, 37]. �e 

Pediatric CAM-ICU (pCAM-ICU) with 99% specificity 

and 83% sensitivity [36], and the preschool CAM-ICU 

(psCAM-ICU) with 91% specificity and 75% sensitivity 

[37], are validated for use in children from 18 years down 

to 6  months, accounting for developmental milestones. 

Similarly, the Cornell Assessment for Pediatric Delirium 

(CAPD) [38], with specificity of 79% and sensitivity of 

94%, is a validated tool for delirium utilizing observed 

behaviors in infants and children.

Fig. 2 The Early implementation of Comfort and Analgesia using minimal Sedation and Humane care (eCASH) approach
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Neurologically injured patients

�ere are emerging data surrounding delirium monitor-

ing and its prognostic value in critically ill patients with 

primary neurological injury, with both the CAM-ICU 

and ICDSC utilized [39–41]. �e general construct one 

needs to consider is that delirium—a “micro-diffuse” 

injury occurring as a result of cellular and neurotransmit-

ter abnormalities—can occur on top of the “macro-focal” 

primary neurological injury, such as stroke or a traumatic 

brain injury. New baseline neurological function needs to 

be assessed and documented and any change or fluctua-

tion of neurological function needs to be considered in 

the context of the primary brain injury or evolvement of 

the same. Delirium should be considered in the differen-

tial diagnosis, given data that delirium superimposed on 

a primary neurological injury may portend worse out-

comes [39–41].

Cognitively impaired patients

Critically ill patients with mild cognitive impairment 

are at risk for delirium and similarly delirium can occur 

in patients with dementia—delirium superimposed on 

dementia (DSD) [42, 43]. In the ICU, delirium evaluation 

in the context of dementia requires an accurate evalua-

tion of the level of arousal. Acknowledging the current 

limitations of tools to assess DSD, it is still imperative to 

screen for DSD, using standard tools such as the CAM-

ICU and ICDSC [43].

Creation of delirium networks and advocacy initiatives

Specialty societies such as the American Geriatric 

Society and SCCM have provided guidelines to assist 

their representative constituents to address delirium 

[13, 44]. Three major international interdisciplinary 

delirium societies—the Europe Delirium Associa-

tion, the American Delirium Society, and Australasian 

Delirium Association—provide a platform for research 

collaboration and knowledge translation and have 

recently formed a global representative group called 

iDelirium to provide a unified voice for advancing care 

and to increase public health efforts to address delir-

ium worldwide.

�e ICU Liberation Collaborative is an initiative that 

has hospitals working with teams of leading national 

experts to implement evidence-based bundles of care 

(e.g., the ABCDEF bundle), enhance teamwork, and 

create partnerships with other institutions across the 

USA.

Finally, the Network for Investigation of Delirium 

across the US (NIDUS) has recently been funded by the 

National Institute of Aging to foster collaboration and 

accelerate scientific discovery in delirium.

What are the common beliefs that have been 
challenged by recent trials?
ICU delirium research has increased substantially 

in the last 15  years from about 10 articles per year in 

the early 2000s to an estimated 300 articles per year in 

2013–2016.

Is delirium an epiphenomenon or is it causally linked 

to important outcomes such as mortality and long-term 

cognitive impairment?

Delirium is associated with a two- to threefold increased 

risk of death [2]. A more recent study, adjusting for dis-

ease severity until delirium onset, determined that delir-

ium was not “causally” related to mortality [45]. �ese 

findings do not undermine the deleterious effects associ-

ated with delirium but rather raise awareness of the dif-

ference between “associations” and “causality”. Criteria for 

causality require strength of association, consistency, tem-

porality, biological gradient, plausibility, and an experi-

ment that shows an intervention reducing delirium would 

result in a decrease in the outcome. Present research does 

not support all the causality criteria for mortality or for 

cognitive impairment associated with delirium. Delirium, 

for example, is independently and consistently associated 

with cognitive impairment, there is a biological gradient 

[7], and it is plausible since transient systemic inflamma-

tion (manifesting as delirium) may lead to long-lasting 

neuroinflammation [46]. By contrast, delirium does not 

always precede cognitive impairment and there is no ran-

domized clinical trial (RCT) yet that shows that treatment 

of delirium improves long-term cognitive dysfunction.

What is rapidly reversible sedation-associated delirium?

�e level of consciousness, an important component of 

delirium assessment, is affected by sedation and may con-

found delirium assessment [47]. Delirium rates may be 

10–15% higher when assessed while patients are receiv-

ing sedation [47]. �is raises the issue of whether seda-

tion-associated delirium has different prognostic effects? 

A recent evaluation of 102 MV patients receiving contin-

uous sedation showed that of patients who were delirious 

while on sedation, only 12% rapidly reversed their delir-

ium status within 2 h of sedation interruption [48]. �is 

small subset of patients who had rapidly reversible seda-

tion-associated delirium had outcomes similar to patients 

who never had delirium, while patients in whom delirium 

persisted for longer than 2 h after stopping sedation had 

worse clinical outcomes [48]. �is study suggests that cli-

nicians should focus delirium screening efforts, whenever 

possible, when patients are least sedated, but should not 

ignore positive delirium assessments when patients are 

arousable on sedation because in the majority of patients 
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delirium persists even after discontinuation of sedation 

[48].

What is the role of antipsychotic medications in delirium?

Antipsychotics are given to more than 10% of ICU 

patients, often to reduce agitation. Small randomized 

studies have evaluated the role of antipsychotics to 

reduce delirium in MV adults [26–28]. Of these, only one 

study of 36 patients, comparing quetiapine to placebo, 

showed a reduction in delirium [26]. Important limita-

tions exist for each study.

In the absence of dangerous agitation, there is little 

reason to administer antipsychotics, given these medica-

tions have side effects. Other potential causes of delirium 

such as pain or substance withdrawal should be consid-

ered. Antipsychotic medication should not be used for 

hypoactive delirium and rarely beyond ICU discharge 

[49]. While antipsychotic medications have been pro-

posed for distressing symptoms such as hallucinations 

and delusions [50], no data supporting their use in ICU 

patients is available.

Is there a role for dexmedetomidine in hyperactive 

delirium?

Dexmedetomidine has been shown to reduce postopera-

tive delirium [19], and when compared to a benzodiaz-

epine infusion reduce delirium prevalence [22] and days 

without coma or delirium [23]. It should be noted though 

that in some studies, delirium was not the primary out-

come [22]. Dexmedetomidine has also been shown to 

help in agitated delirium in non-intubated patients [29].

Recently the DahLIA trial [20] specifically assessed the 

role of dexmedetomidine in patients whose critical ill-

ness had resolved, but agitation precluded weaning from 

mechanical ventilation. Seventy-four patients were rand-

omized to dexmedetomidine or placebo; patients treated 

with dexmedetomidine had increased ventilator-free 

hours at 7 days (median 144.8 vs 127.5 h) and faster reso-

lution of their delirium symptoms (median 23.3 vs 40.0 h).

Do corticosteroids or statin medications have a role 

in delirium?

Two large studies [10, 51] have suggested that systemic 

corticosteroids increase the probability of delirium in the 

ICU. A subsequent single-center observational study of 

medical-surgical ICU patients [52] contradicted these 

finding. A recent single-center substudy [53] within the 

Dexamethasone for Cardiac Surgery (DECS) trial [54] 

showed no difference in delirium outcomes in the ICU 

patients randomized to dexamethasone or placebo. One 

very recent controlled study found that hydrocortisone 

use in patients with sepsis reduced the incidence of delir-

ium by half [55]. Taken together these studies [52, 53, 55] 

suggest that corticosteroids with primarily glucocorticoid 

effects are neither a major risk factor for delirium nor do 

they reduce its incidence or duration but that corticoster-

oids with primarily mineralocorticoid activity may in fact 

reduce delirium incidence.

In observational studies in critically ill patients, ICU 

statin use has been associated with reduced delirium 

[56], especially early during sepsis [56]; discontinu-

ation of a previously used statin was associated with 

increased delirium in that study [56]. The recent 

MoDUS RCT [57] of early treatment with simvasta-

tin versus placebo in critically ill patients, showed no 

difference in delirium or coma outcomes. Similarly, 

recent Statin AKI Cardiac Surgery RCT of high-dose 

perioperative atorvastatin treatment showed no differ-

ence in delirium outcomes in patients randomized to 

a statin and an ancillary study in ARDS patients also 

demonstrated no difference in delirium in patients 

randomized to statins vs placebo [58].

Should patients be treated with cholinesterase inhibitors 

to decrease the duration of delirium?

Impaired cholinergic neurotransmission is proposed 

as a pathophysiologic mechanism for delirium, making 

cholinesterase inhibitors an attractive treatment choice 

to increase acetylcholine levels. A recent RCT [59] ran-

domized critically ill patients with delirium to either riv-

astigmine or placebo as an adjunct to haloperidol, but 

the trial had to be halted prematurely because mortal-

ity in the rivastigmine group (22%) was higher than in 

the placebo group (8%) and median duration of delir-

ium was longer in the rivastigmine group (5 vs 3 days). 

Given these safety concerns, the SCCM PAD guidelines 

strongly recommend against the use of cholinesterase 

inhibitors to either treat or prevent delirium [13].

Should benzodiazepines always be prescribed in patients 

at risk for or with symptoms of alcohol withdrawal?

Alcohol use disorder (AUD) is the most serious sub-

stance abuse problem in the USA and worldwide, with 

reported rates of 20–50% in hospitalized patients. 

Many alcohol-dependent patients will develop uncom-

plicated alcohol withdrawal symptoms (AWS), but 

only 20% will require pharmacological intervention; 

benzodiazepines have frequently been the mainstay 

of therapy [60]. �e use of objective tools now allows 

targeting of only those patients at risk for complicated 

AWS with prophylactic management strategies [61]. 

Benzodiazepine-sparing protocols consisting of alpha-2 

agonists (i.e., dexmedetomidine, guanfacine, clonidine) 

that address the adrenergic storm associated with AWS 

and/or various anticonvulsant agents (e.g., gabapen-

tin, carbamazepine, valproic acid) acting primarily as 
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glutamate modulators to safely and effectively manage 

AWS have been recently proposed, and will need to be 

evaluated in larger studies.

What are remaining areas of uncertainties/work 
to be done?
Harmonization of outcomes/development of core 

outcomes

For studies to be maximally informative, and to allow cross 

comparisons between studies evaluating similar interven-

tions in similar populations, outcomes should be selected, 

defined, and measured consistently. For these reasons, 

core outcome sets (COS) have been proposed and these 

outcome sets include those outcomes perceived, through 

a rigorous consensus process involving key stakeholders, 

including patients, as fundamental to measure in all tri-

als related to a specific and defined area of interest (may 

be based on a disease, condition, or intervention) [62]. 

�e COS should be small enough to minimize participant 

burden, limit research costs, and encourage researcher 

adoption, but large enough to capture outcomes deemed 

important to future decision-makers.

Improved statistical methods in delirium research

Evaluating the efficacy of interventions for reducing 

delirium in the ICU is challenging given that (1) delirium 

status changes over time, (2) delirium cannot be assessed 

when patients are comatose, (3) delirium assessment 

often does not continue after ICU discharge, prevent-

ing assessment of its full duration, and (4) mortality is a 

competing event for delirium assessment. Sometimes a 

composite outcome of delirium status and mortality is 

used—delirium-free days. However, use of delirium-free 

days does not fully address the competing risk of coma, 

leading to use of delirium/coma-free days in some stud-

ies [23]. More recently, joint models [63] have been pro-

posed to address these challenges via linking two survival 

models: one for the recurrent daily delirium status and 

one for a terminating event (e.g., ICU discharge or death). 

�is approach (as used in recent critical care delirium 

research [58]) yields a hazard ratio (HR) for delirium in 

the intervention vs control group, with HR <1 interpreted 

as a lower daily hazard of delirium—implying a shorter 

mean duration of delirium among days at risk for delir-

ium (i.e., days in which a patient is alive, in the ICU, and 

in a non-comatose state).

Standardization of terminology: delirium vs 

encephalopathy, role of consciousness in delirium 

diagnosis, arousal level and delirium (untestable patients?)

While the DSM-5 definition [1] of delirium is used widely 

in clinical and research settings, it does not represent a 

consensus definition in all fields of medicine. In classic 

neurologic texts, delirium falls under the broader rubric 

of acute confusional states and, while including primar-

ily hyperactive delirium subtypes, it excludes hypoactive 

delirium. �e term “encephalopathy” is often employed 

to describe a range of mental states, including hypoactive 

delirium when a primary etiology is identified. Given that 

delirium is often multifactorial, this convention may be 

reductionist, resulting in overlooking reversible causes. �e 

lack of consensus definition exists even within psychiatry as 

evidenced by the evolving DSM delirium criteria. For exam-

ple, the DSM-IV-TR criteria required that a disturbance in 

consciousness must be present, while in the most recent 

DSM-5 [1], this criteria was changed to a disturbance in 

attention and awareness. A particular example is the debate 

whether delirium can be diagnosed in states with severely 

reduced arousal, which the DSM-5 specifically excludes [1]. 

Level of arousal exists along a continuum and there is no 

clear evidence that patients with severely disturbed arousal 

are different from patients with milder disturbance. �us if 

non-comatose, but non-communicative patients unable to 

demonstrate inattention are excluded from delirium evalu-

ations, these cases of delirium may be missed and this will 

have negative implications on patient safety and outcomes 

in clinical and research endeavors.

Sleep and delirium

A disturbed sleep–wake rhythm occurs commonly dur-

ing delirium, but it is unclear whether this is a cause 

of delirium, an early sign of delirium, or both [64]. A 

before–after study of a multifaceted sleep-promoting 

intervention found 50% lower odds of delirium and 

coma, though self-reported sleep ratings did not improve 

[12]. It is therefore unclear whether the reduced delirium 

resulted from improved sleep [12].

Melatonin plays an important role in the sleep–wake 

cycle. In 67 patients, hospitalized because of serious 

medical problems, an RCT comparing the oral melatonin 

receptor agonist ramelteon to placebo reported a lower 

incidence of delirium in the ramelteon group [65].

Alpha-2 agonists, such as dexmedetomidine, may pro-

mote sleep [66], and recent studies point to beneficial effects 

in ICU patients [67]. �e bidirectional relationship between 

sleep and delirium still needs to be better understood.

Electroencephalography in delirium

It is assumed, but not studied extensively, that different 

etiological subtypes of delirium (e.g., toxic-metabolic, 

infectious, postoperative) share the same electroen-

cephalographic (EEG) features. �e EEG during delir-

ium shows diffuse slowing of background activity and 

increased spectral variability with often periodic dis-

charges such as triphasic waves and polymorphic delta 

activity [68]. In some delirious patients, the EEG may 
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show electrographic seizures and periodic epileptiform 

discharges. Non-convulsive status epilepticus (NCSE) 

is a form of status epilepticus where there may be mini-

mal seizure activity clinically, but there is evidence of its 

presence on EEG. Many patients with NCSE present with 

delirium, and it should be considered in the differential 

diagnosis in high risk patients [68]. Various approaches 

are being explored to develop more sensitive delirium 

monitoring with objective tools. A promising approach 

seems to be a brief EEG registration with a limited num-

ber of electrodes and automated processing [69].

Family-centered perspective in delirium and humanizing 

intensive care

Non-pharmacological interventions, including early 

mobilization, are examples of highly humanistic 

approaches that involve communication and reassurance, 

and are effective in preventing delirium [24, 70]. Despite 

qualitative descriptions of patients’ ICU experiences 

being significantly enhanced by the presence of family 

members [71], no RCTs have evaluated the potential role 

of families in altering the course of ICU delirium or post-

critical illness trajectories. Similarly the impact of delir-

ium on patient, caregivers [72], and family experiences 

need to be better studied.

Role of implementation science in rapidly translating 

delirium research into practice

�e current translational cycle of evidence-based medi-

cal research discoveries into widely implemented clini-

cal therapeutics and healthcare services is inefficient and 

expensive [73, 74]. Implementation science is an action-

oriented science that aims to develop tools, processes, 

and strategies to rapidly implement evidence-based, sus-

tainable, and scalable healthcare solutions into the local 

healthcare environment [73]. Implementation scientists 

view the healthcare system as a complex adaptive net-

work that includes a large number of semiautonomous 

agents interacting in dynamic and nonlinear ways. �is 

complex interaction leads to constant emerging behav-

iors with limited centralized control [75]. Principles 

and tools of implementation science should be used to 

create a local coalition of brain research centers, advo-

cacy groups, and clinical services. Brain-care service 

line should be created across the hospital and ambula-

tory services, with standardized data collection (prefer-

ably leveraging information technology), to serve the 

clinical operation, quality, and safety mission first, then 

research, and should lead to delirium-specific decision 

support tools. Finally, delirium scientists need to start 

innovating in a limited resource environment by includ-

ing future payments of their solutions into their devel-

opment requirement; thinking about the value of their 

solutions within a population health management pay-

ment model.

What are some of the top study areas/trials to be 
done in the next 10 years?

1. Development and validation of objective tools for 

delirium screening/diagnosis in critically ill patients, 

e.g., electroencephalogram, computer-based apps

2. Understanding the pathophysiology of delirium and 

its relationship mechanistically to long-term cogni-

tive decline

3. Development of new models to improve delirium 

phenotyping

4. Understanding the attributable risk of delirium on 

outcomes; going beyond associations to causal infer-

ences

5. Elucidating the biomarkers of delirium and incorpo-

ration into predictive models

6. Large RCTs that are needed in ICU patients:

(a) Safety and efficacy of antipsychotic medications 

on delirium and long-term outcomes

(b) Safety and efficacy of sleep optimization (non-

pharmacological or pharmacological) on delir-

ium and long-term outcomes

(c) Safety and efficacy of cognitive and physical 

training on delirium and long-term outcomes

(d) Safety and efficacy of alternate sedation para-

digms (dexmedetomidine, clonidine, propofol, 

general anesthetics) on delirium and long-term 

outcomes

(e) �e role of humanization of ICU care, specifi-

cally family engagement and other non-pharma-

cological interventions (e.g., restraints), on delir-

ium and patient and family long-term outcomes
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